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Abstract

An estimate of the contribution ofinternal flooding to the mean core damage frequency at the Grand Gulf Nuclear
Station was calculated for Plant Operational State 5 during a refueling outage. Pursuant to this objective, flood zones
and sources were identified and flood volumes were calculated. Equipment necessary for the maintenance of plant safety
was identified and its vulnerability to flooding was determined. Event trees and fault trees were modified or developed
as required, and PRA quantification was performed using the IRRAS code. The mean core damage frequency estimate
for GGNS during POS 5 was found to be 2.3 E-8 per year.
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Foreword

(NUREG/CR-6143 and 6144)
Low Power and Shutdown Probabilistic Risk Assessment Program

Traditionally, probabilistic risk assessments (PRA) of severe accidents in nuclear power plants have considered initiating
events pctentially occurring only during full power operation. Some previous screening analyses that were perfonned for
other modes of operation suggested that risks during those modes were small relative to full power operation. However,
more recent studies and operational experience have implied that accidents during low power and shutdown could be
significant contributors to risk.

During 1989, the Nucleat Regulatory Commission (NRC) initiated an extensive program to carefully examine the
potential risks during low power and shutdown operations. The program includes two parallel projects performed by
Brookhaven National Laboratory (BNL) and Sandia National Laboratories (SNL), with the seismic analysis performed by
Future Resources Associates. Two plants. Surry (pressurized water reactor) and Grand Gulf (boiling water reactor),
were selected as the plants to be studied.

The objectives of the program are to assess the risks of severe accidents due to internal events, internal fires, internal
ikx>ds, and seismic events initiated during plant operational states other than full power operation and to compare the
estimated core damage frequencies, important accident sequences and other qualitative and quantitative results with those
accidents initiated during full power operation as assessed in NUREG-1150. The score of the program includes that of a
level-3 PRA.

The results of the program are documented in two reports, NUREG/CR-6143 and 6144. The reports are organized as
follows:

For Grand Gulf:
i

NUREG/CR-6143 - Evaluation of Potential Severe Accidents During Low Power and Shutdown Operations |
at Grand Gulf, Unit 1

Volume 1: Summary of Results
Volume 2: Analysis of Core Damage Frequency from Internal Events for Plant

Operational State 5 During a Refueling Outage
Part 1: Main Report

Part I A: Sections 1 - 9
Part IB: Section 10
Part IC: Sections 11 - 14

Part 2: Intemal Events Appendices A to H l

Part 3: Internal Events Appendices I and J |
Part 4: Internal Events Appendices K to M j

Volume 3: Analysis of Core Damage Frequency from Internal Fire Events for Plant '

Operational State 5 During a Refueling Outage |

Volume 4: Analysis of Core Damage Frequency from Internal Flooding Events for Plant
Operational State 5 During a Refueling Outage

Volume 5: Analysis of Core Damage Frequency from Seismic Events for Plant
Operational State 5 During a Refueling Outage

Volume 6: Evalu , tion of Severe Accident Risks for Plant Operational State 5 During a
Refueling Outage
Pat 1: Main Report
Part 2: Supporting MELCOR Calculations

Vol. 4 xi NUREG/CR-6143
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Foreword (Continued)

For Surry:

NUREG/CR-6144 - Evaluation of Potential Severe Accidents During Low Power and Shutdown Operations at
Surry Unit-1

Volume 1: Summary of Results
Volume 2: Analysis of Core Damage Frequency from Intemal Events During Mid-loop

Operations
Part 1: Main Report

Part I A: Chapters 1 - 6
Part IB: Chapters 7 - 12

Part 2: Internal Events Appendices A to D
Part 3: Internal Events Appendix E

Part 3A: Sections E.1 - E.8
Part 3B: Sections E.9 - E.16

Part 4: Internal Events Appendices F to H
Part 5: Internal Events Appendix 1

Volume 3: Analysis of Core Damage Frequency from Internal Fires During Mid-loop
Operations
Part 1: Main Report
Part 2: Appendices

Volume 4: Analysis of Core Damage Frequency from Internal Floods During Mid-loop
Operations

j Volume 5: Analysis of Core Damage Frequency from Seismic Events During Mid-loop
| Operations

) Volume 6: Evaluation of Severe Accident Risks During Mid-loop Operations
Part 1: Main Report
Part 2: Appendices

|

|

NUREG/CR-6143 xii vol 4
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Executive Summary |

ES.1 Introduction

As accident initiators, internal floods, like earthquakes initiating event frequencies. The number of
)and fires, have the potential to cause multiple equipment scenarios was then reduced to a size more

failures during a single event. Because such failures amenable to analysis. This was done by
could present risks to the safe operation of a nuclear considering which scenarios would threaten
power plant, it is prudent to include internal floods safety-related equipment and, where appropriate,
among the possible accident initiators treated in a plant combining some scenarios into one.
Probabilistic Risk Analysis (PRA).

* Phase 3: Work in this phase developed and/or
Some internal flood PRAs have been performed for adapted appropriate fault and event tree models,
plants operating at full power. However, despite quantified operator actions and performed
analyses which show that accident risk can be significant sequence frequency quantifications and
during shutdown, virtually no consideration has been uncertainty analyses.
given to internal floods when the plant is in such a state.
As part of the BWR Low Power and Shutdown Accident The quantification phases followed the same approach
Sequence Frequencies Project conducted for the U.S. used in the intemal events analysis of the BWR Low
Nuclear Regulatory Commission's Office of Nuclear Power and Shutdown Accident Frequencies Project.
Regulatory Research (NRC/RES), Sandia National Several of the event trees from that work were applicable
Laboratories has undertaken a probsbilistic study of to the flooding analysis, in these cases, initiating event
flood-induced accident sequences for the Grand Gulf frequencies were modified to correspond to flood
Nuclear Station (GGNS) in Plant Operational State 5 frequencies, system and component failures based on
(POS 5). flood volume and location were included, and operator

actions were modified as appropriate. For cases in which
ES.2 Objective no analogous event trees from previous work were ;

available, new trees were developed.
The objective of this study is to estimate the contributions I

of internal flooding to the total core damage frequency at The Integrated Reliability and Risk Analysis System i

GGNS for POS 5 during a refueling outage. For the (IRRAS) was used to quantify frequencies for core
purposes of this study, POS 5 was taken to mean that the damage accident sequences. Sequences having point
plant was in cold shutdown (coolant temperature 200 *F or estimate frequencies below 1.0 E-8 per year were

less) with the vessel head on. The work includes the considered to be non-contributors to the overall core
consideration of recovery actions and uncertainty damage frequency and were discarded.
analysis.

Sequences surviving this analysis were examined in more

ES.3 Analysis Approach detail during a * time window" analysis wherein each
surviving sequence was partitioned into three distinct

ne aaalysis was performed in three phases: time window sequences. These sequences were then
quantified based on the charactenstics of the particular

,

time window being examined. As before, any sequence
* Phase 1: Work in this phase identified potential having a core damage frequency estimate below 1.0E-8

flood zones, flood sources within each zone,
was truncated. An uncertainty analysis was performed

and equipment m each zone. Equipment whose for any sequence surviving the time window screening
failure could have safety implications for the analysis.
plant, and the susceptibility of this equipment to
failure due to a flood in its location were als ES*4 Resultsdetermined. It also quantified the potential
water inventory released from each source.

A single sequence survived through the time window
ana ys e mean c m dam 8ge frequency for %* Phase 2: Work in this phase developed flood |** P" I*"' ""

|neenarios, determined which of these might lead
P"'*" * * " " "" P" I*"#'**E## *

to core damage, and characterized flood

Vol. 4 ES-1 NUREG/CR-6143
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Executive Summary

The initiating event for the surviving sequence is TAB 39. fire (Volume 2, Part I of this report). Thus, intemal
,

his initiator represents a break in a Fire Water System flooding represents only a minor contribution to the total
pipe. He resulting flood from this initiator disables core damage frequency at GGNS during POS 5. This
Divisions 1,2, and 3 Class IE AC and DC power. small contribution is due principally to the low frequency
Given the severity of this pxtulated accident sequence, of fluid boundary component breaks that could result in a
no operator recovery was postulated. This initiating flood and to the large separation of systems that would be
event is summarized in Table ES.1 below. available to mitigate the effects of such an accident.

ES.5 Conclusions The twwnservative assumptions affecting flow rates
and flood volumes included in these analyses (i.e., fully

The overall conclusion of this work is that intemal floods guilt tined catastrophic breaks and full hour undetected

do not pose a significant core damage threat to the Grand breaks) did not significantly impact the results of this ,

Gulf Nuclear Station for POS 5 during a refueling study. For completeness, it should be noted that the

outage, assumed undetected break time for the single surviving
i

sequence was 15 minutes. This time, while a departure

The core damage frequency of 2.3 E-8 per year due to fr m the one hour assumption , was sufficient to cause a

intemal flood events is approximately two orders of I ss of all Class IE AC and DC power and probably

magnitude lower than the core damage frequency of represents a more realistic estimate of the undetected

2.0E-6 per year for internal events excluding flood and break time for POS 5 during a refueling outage.

|
| Table ES.1

| Core Damage Initiating Event Summary

Initiating No.of Time Mean Core Damage % of Total
Event Sequence / Cut Window Frequency (/yr) CD Frequency

Sets

TAB 39 1/1 3 2.3 E-8 100

i

|
|

|
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1.0 Introduction

1.1 Background by a flood. nus, operator actions in the control room
were considered to be based only on systems and i

latemal floods are typically caused by rupture or leakage component failures and unavailabilities. However, the !

of fluid (water) boundary systems such as pipes, pumps, p tential impact of the flo ding n operator actions to be
valves, tanks, and heat exchangers. These failures can conducted outside the control room was examined to

either be randomly initiated or induced as a result of determine if any of the required actions would be

kun errors. A number ofinternal flooding events t. ave affected by the flooding.

occurred at nuclear power plants in the United States. '

Each occurrence demonstrated a potential to cause 1.2 Objectives
raultiple failures.

The objective of this study is to estimate the contribution.

While full power flood analyses have been done for some of internal flooding to the total core damage frequency at
U.S. nuclear power plants such as La Salle Nuclear GGNS for POS 5 during a refuehng outage. Bis
Power Plant [1], Oconee Nuclear Power Station [2], and required the development and quantification of
Suny Power Station [3], little has been done to analyze appropriate flood propagation models and the
the risk due to internal flooding under low power and performance of recovery and uncertainty analyses.
shutdown (LP&S) conditions. Low power and
shutdown conditions correspond to the plant operational
states that range from operation at less than 15 % power 1.3 The Analysis Process
down to and including refueling operations.

The process involved in performing a flood PRA
Previous estimates both in the United States and abroad consists of:

1indicate that Light Water Reactor (LWR) risk during '

shutdown can be substantial (i.e., about 1/3 of the risk
experienced during power operation) [41

- identifying all areas of a nuclear power plant
susceptible to intemal flooding

With this risk level in mind, Sandia National
Laboratories (SNL) was assigned the task of estimating

- identifying and categorizing the major flood sources
in these areas

the risk due to intemal flooding at Grand Gulf Nuclear
Station (GGNS) while the plant operates in Plant - determining the flood capacity of each source
Operational State 5 (POS 5). For the purposes of these
analyses, POS 5 was taken to mean that the plant was in - developing flooding scenarios and determining their
cold shutdown (coolant temperature 200 * F or less) with effect on vulnerable equipment, and
the vessel head on. A detailed description of POS 5 is
given in Reference 5. - quantifying these scenarios to estimate the core

# " " ''As discussed in Appendix F, many of the flood initiating
events resulted in conditions which were sufficiently To identify all areas of a nuclear power plant susceptible
similar to the intemal events discussed in [5] to allow the to internal flooding, general arrangement diagrams of the
same event trees to be used for the flooding work. The plant were reviewed to determine the layout of the
initiating event (IE) of the Reference 5 event tree was buildings containing critical components and the location
replaced with the flood IE nomenclature (see Table 2.3) of potential flood sources. The vulnerabilities of
and the flood IE frequency was used. Appropriate equipment to internal flooding in these locations were
changes in system availability / failures were included so then determined.
es to reflect the flooding effects on system components.

!
'

The behavioral effects of flood initiators on pertinent i

operator actions were also considered. Because none of Next, major flood sources in each location were
the floods threatened the control room, effects of the identified using the plant's piping composite diagrams.
flood per se were not considered in the determination of The release capacity of each source and the potential
operator actions in the control room. In many cases, it flood propagation paths for each source rupture were
is possible that the operator would be aware of a flood determined. The effect of each source rupture on
induced failure before he knew that it had been caused equipment in each location defined a scenario.
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Introduction

la the final stages of the analysis, the scenarios were Appendices. Section 1.0 is the introductory chapter
quantified by adapting or developin;; suitable fault and which discusses the background and scope of the report.
event tree models to represent the component failures Section 2.0 contains the methodology developed and
and the subsequent accident sequences. An accident utilized in the study. Section 3.0 contains the results.
sequence is defined as the sequence of events, both Section 4.0 contains a description and results of the plant
random and flood related, that could occor following a damage state analysis. Section 5.0 contains conclusions.
flood initiating event. Appendix A contains schematics of the flood zones

considered in the study. Appendix B contains a
Recovery analyses were then performed to credit certain summary of the components in each flood zone.
actions that could reduce the severity of the accidents Appendix C contains a listing of the flood sources within
[6]. each flood zone. Appendix D discusses an evaluation of

human error probabilities for failing to close water tight
Throughout the process, a number of conservative doors, an evaluation of the probability of pipe failure
assumptions were made to simplify the analysis. Rese during Emergency Core Cooling System (ECCS) flow
assumptions were then followed by more realistic tests, and a calculation of the volume of flow from the
qualitative and quantitative arguments. Suppression Pool given a fully guillotined pipe rupture.

Appendix E contains the propagation scenarios developed
1.4 Report Organization in this study. Appendix F contains a discussion of flood

events which were quantified. Appendix G discusses the

His report is intended as a complement / companion to Human Reliability Analysis (HRA) methodology used to

NUREG/CR-6143, Volume 2, Part I report [5]. As characterize operator actions. Fmally, Appendix H

such, it draws upon the contents of that report. This contains flood-specific event trees used in the analyses.

report is organized into four sections and eight
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2.0 Methodology

The methodology used in this study was a hybrid of the 2.1.1 Identification of Flood Zones
methodology used in References 1,2, and 4 and was
performed in three phases. They are outlined as follows: A flood event is defined as a flood, spray, or splash

;

event arising from the rupture of a fluid boundary. |PifASE 1: LOCATION SCREENING ANALYSIS Sprays affect components in the line of sight of the spray |PflASE
by direct impingement. Floods affect components

|
through the accumulation of water [7]. A splash event

his phase of the analysis identified potential flood
results from water falling down through openings such as

locations or flood zones, determined flood sources within
elevator shafts or stairwells.

each flood zone, determined the potential inventory
released from each source, identified equipment in each Flood locations were determined by reviewirg the
flood zone, and determined equipment vulnerabilities. general arrangement diagrams for each elevation of the

plant and consulting with GGNS personnel on specific
PIIASE 2: FLOOD PROPAGATION SCENARIO plant layouts.

DEVELOPMENT AND REDUCTION
P11ASE

Each flood zone was assumed to be 25% occupied by
equipment that reduced the total floor area of that zone.

His phase consisted of the development of flood in the initial stage of the flood analysis, the identification
scenarios, the determination of flood scenarios having the of " flood locations" or " flood zones * was of primary
potential to cause core damage, the characterization of importance. During this process, the plant was divided
flood initiating event frequencies, and the reduction of

into individual flood zones. Flood zones were defined as
flood scenarios to a size more amenable to analysis. regions separated by walls, doors, or other flood barriers

[7]. Rese flood zones either contained their own unique iPIIASE 3: QUANTIFICATION PIIASE flood sources or were vulnerable to floods propagating I

from other zones. l

nis phase consisted of the development and/or
|adaptation of fault and event tree models to flood effects, A simplified schematic ind'cating each flood zone is |i

the quantification of appropriate human actions, analysis provided in Appendix A. Flood zones were identified
of the scenarios, and the performance of recovery and in the following buildings:
uncertainty analyses.

- Auxiliary Building

2.1 Location Screening Analysis - control Building
Phase

- Diesel Generator Building

This section of the report describes the location and - Fire Water Pump Ilouse

screening phase of the analysis. This phase included:
- Standby Service Water Basin

- identification of potential flood locations or flood
- Radwaste Buildingzones

- determination of the flood sources withm. each flood - Water Treatment Building

zme
- Turbine Building

determination of the potential volume of release from-

g Large areas such as the auxiliary building corridors or
the turbine building were sub-divided into smaller flood
" * * * * * * ' * ' * * * * * * * * "'""*'I'#identification of the equipment in each flood zone-

the localized effects of flooding.

- determination of equipment flocxl vulnerabilities

Vol. 4 2-1 NUREGICR-6143
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The auxiliary building corridor, at each elevation, was JBD-105. A rupture in either pipe section would be
given a single name even though flooding effects were designated 30 JBD-105. Flood event frequencies were
analyzed in four quadrants, namely, northeast, based on the total length of pipe and other fluid handling
northwest, southeast, and southwest. compoi,ents in a given system within a given flood zone.

The turbine building was divided into six flood zones at 2.1.3 Determination of Potential Flood
each elevation. Volume From Each Source

Approximately 250 potential flood zones were identified. For each flood zone identified in Appendix A, the pipe
These flood zones were characterized by a numerical system with the largest potential release was selected as a
identifier or a number-literal combination. For example, potential flood source. The following assumptions were
the abbreviation "TB-93-1" was used to identify area 1 made in determining flood volume:
of the turbine building at the 93' elevation.

Given a rupture in a fluid boundary, it was assumed*

Effective areas for each of the flood zones identified
that flow continued one hour before detection and

were then calculated by reducing the approximated area
'* l"*i " ""l*** '

of the zones by 25 % to account for the space occupied
by equipment in each location (see Appendix B). This
was consistent with past flood analyses [1,2]. - the inventory of the system was depleted

2.1.2 Deterrm.nat. ion of Flood Sources
- automatic or prompt manual isolation occurred

Potential flood sources in a commercial nuclear power
- the pressure head driving the flow became 1

nsufficient or the pumps in the system failed due
plant melude water tanks, pools, valves, pumps, etc [5]. to a loss of NPSH
Flooding from these sources results from random failure
of a fluid boundary or from human errors. !

All pipe breaks were considered to be fully j*

Due to the complex nature of the human induced floods, guillotined (i.e., a complete circumferential break). i

this report is limited to th'ose floods which are randomly
initiated. It is expected that the issue of human induced Flow rates or system pressure for the system*

floods will be re-examined upon completion of ongoing operating in POS 5 were used.

NRC research to improve human reliability analysis for
Tank or heat exchanger ruptures were considered to ILP&S conditions. *

|be catastrophic (i.e., they instantaneously released
Potential sources were identified in each location by their total inventory).
reviewing the information on fluid system boundarie;
provided on the plant piping composite diagrams. The Inventory release rates for each system were determined
information included pipe sizes and the locations of pipe from system flow diagrams and system descriptions and
system components such as valves, pumps, heat are recorded in Appendix C. The flow from any of the
exchangers, etc. sources was limited by the volume of the source

invento7. In cases for which flow stopped in less than
One flood source per system was considered for each one hour, total inventory is recorded.
flood zone. This flood source was the one whose
rupture would lead to the largest fluid inventory release. Using a simple qualitative analysis and consulting with

Grand Gulf personnel, one hour was assumed to be
Flood sources were identified by the piping and conservative in most cases bec.,-c when the plant is
instrumentation diagram designations of the pipe section operating in POS 5, there are many ;lant personnel
in which a break might occur. In cases where two or performing different types of surveil'ance and
more sizes of pipe are used in the same system, the maintenance functions twenty-four hours a day
larger of the pipes was used for the source designation. throughout the plant. In addition, there are numerous

I For example, a continuous run of Plant Service Water flood detection and alarm devices lo ated throughout the
pipe might increase in diameter from a 24-inch section plant. With these two factors in m nd, it was thought to
labelled 24 JBD-150 to a 30-inch section labelled 30 be unlikely that a flood would go mdetected in critical

NUREG/CR-6143 2-2 vol. 4
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flood zones for over an hour. Using a computer listing of the components modeled in
the GGNS BWR LP&S Study [5] and Table 2.1, all

2.1.4 Identification of Equipment in Flood components vulnerable to internal flooding were

Zones and Determination of Their identified. These components were then mapped to their

Vulnerabilities I"di"id"*I 'I d * "** 'h*' **'' id*"'i'I'd I" 'h* I **'i "
analysis by using the equipment location diagrams. The

The release and propagation of water can degrade the E **# " "'"** '' ""'" *'" # #9" E "*" **'
als determined from the plant equipment logic diagramsoperability of certain equipment depending on its flood
"" "* "# * *** * "8 '* *"'vulnerability. Table 2.'l lists several components and

their corresponding flood failure / degradation states. As
seen in Table 2.1, some equipment, such as heat Finally, the depth to which water would have to

exchangers and tanks, would not be adversely aft accumulate to fail each piece of equipment was

water. However, others, such as motor-operate / determined and recorded in Appendix B as the equipment

(MOVs), motor-driven pumps (MDPs), air-operm critical height.

valves (AOVs), electrical equipment (e.g., switchgeain3,
and diesel generators, can be disabled by effects such as

an electrical short [8].
j

1

Table 2.1 Component Flood Vulnerabilities

Component Submerged Splash or Spray Effect

Motor Operated Valves Fail as is Fail as is

Air Operated Valves Fail Ok

Solenoid Operated Valves Fail Fail

Check / Manual Valves Ok Ok

Motor / Turbine Driven Pumps Fail Fail

Compressors Fail Fail |

_

Fan Coolers Fail Fail

Diesel Generators Fail Fail

Electrical Equipment (excluding Fail Fail
cables)

Instmmentation Fail Fail

Heat Exchangers Ok Ok

Tanks Ok Ok

Adapted from Reference 8.
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'

2.2 Flood Propagation Scenario fmm other Separated flood zone' *** aot
performed for this study. Such treatmrat is not

Development and Reduction normally considered in nooding analyses of nuclear
Phase power piants and to do so would introduce a level

of complexity beyond the intent of the present
Flood propagation scenarios were developed to represent work.
flow pathways from one flood zone to another. 'Ihese
pathways include but are not limited to For the occurrence of a flood event in a given flood

zone, all vulnerable equipment in the zone was
stairways assumed to fail ifit was splashed or sprayed as the-

flood reached its critical height. An exception was
- floor penetr.tions made for flood zones where certain spray barriers

prevented equipment failure.
elevator shafts-

The flood was propagated to other plant areas
open hatches depending on the locations of flood barriers or-

flood pathways. The propagation was assumed to
- non watertight doors continue until the volume of water released from

the source reached an equilibrium depth throughout
- floor space the affected flood zones.

( In this section of the report the processes of flood During the propagation, flood propagation barriers
I scenario development and reduction are detailed. These such as walls and curbs were assumed to maintain

include their structural integrity [8]. Floor penetrations
were considered operable only if propagation

the development of flood scenarios through them to lower levels of the plant resulted in-

scenarios that were of equal or greater severity than
- the determination of flood scenarios having the the scenarios already developed at the lower plant

, potential to cause core damage level. An HRA was performed to determine the
| probability of watertight doors being left open (see
!

- the characterization of flood initiating event Appendix D).
frequencies

The equipment that failed as a result of a flood was
|

- the reduction of flood scenarios determined by comparing the equipment critical
| height to the equilibrium water depth in each flood

2.2.1 Development of Flood Scenarios zone. This equilibrium depth was calculated by
dividing the volume of water released in each

One of the first tasks in developing the flood scenarios scenario by the total area of the flood zones to

was to perform a review of the plant layout to identify which the water propagated. If the water
design features, such as the location of flood barriers and accumulation depth was greater than or equal to the
pathways, and differences in elevations between flood equipment critical height then the equipment was
zones that tend to inhibit flood propagation, assumed to fail in the state defined in Table 2.1.

It was also determined whether or not the system

| The possibility of water propagating or backflowing to whose fluid boundary ruptured failed due to the loss

| the ECCS rooms was a primary concern. A preliminary of inventory.
I analysis showed that flooding of the ECCS rooms by

backflow through the sump pump discharge piping was
prevented by means of check valves on the discharge
piping near the pump flange [9]. The auxiliary building
drains were also found to run so that extemal leakage
into the ECCS rooms could not occur.

A further analysis of flooding through drainage systems

NUREG/CR-6143 2-4 Vol. 4
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2.2.2 Determination of Flood Scenarios These frequencies were deterinined from industry
wid* dat* 0n P pes, valves, pumps, and heatHaving the Potential to Cause Core i

Damage exchanger leakage and rupture rates. In this
analysis, only full guillotine breaks and complete

Once the propagation scenarica were developed, a fluid boundary system ruptures were considered.

qualitative scenario reduction process was instituted t
identify flood scenarios that could lead to core damage. 2.2.3.1 Vntre Rupture Frequencies

Flood scenarios that had the potential to cause core Using the information presented in WASH-1400

damage were designated flood initiating events. Appendix 3 [10), the mean valve leakage rate was
estimated to be 2.7 E-8/hr (2.4E-4/yr) with a

For power operations, a flood initiating event is a flood I gn rmal distribution and an error factor (EF) of
" * ""* * ** * ***related event that necessitates a trip or a controlled

rec nunen Mwt ac atfM age M meshutdown of the plant to prevent core damage. For
non-power operating states, such as POS 5, a flood rupture. Using the 1/18 factor and the estimated

initiating event is defined as a flood related event that mean leakage rate of 2.4E-4/yr, a mean valve

required an automatic or manual response to prevent core NPture rate of 1.3E-5/yr was calculated.

damage since the plant is already shutdown. His
response would be necessary whenever the decay heat The EGG-SSRE-9639 report [111, published in

removal capacity of the reactor cooling systems or the 1991, recommended a valve rupture rate of 4E-

water level m the reactor vessel was challenged. For 10/hr (3.5E4/yr) with a lognormal distribution EF

example, during power operations, a flood in the High of 30. The data on valve rupture rates contained in

Pressure Core Spray (HPCS) pump room would result in the report was the most current data, and was based

an automatic plant trip. Tlus would be a flood initiating on a comprehensive analysis of Licensee Event

event. However, during plant shutdown with the plant Report (LERs) and In-Plant Reliability Data

rJready inpped, a flood in the HPCS pump room would (IPRD). An EF of 30 was chosen in the report !

not lead to core damage unless the flood propagated from based on engineeringjudgement and the belief that )
the confines of the HPCS room and compromised the rupture frequency estimates were more uncertain

decay heat rernoval capacity of the plant or challenged than leakage frequency estimates.
.

the reacts water level.
For this analysis the valve rupture rate of 3.5E4/yr
w an EF=30 was used.Using the above definition of a flood initiating event, the

flood scenarios developed were reviewed to identify
those that fit the above criteria. Because the probability 2.2.3.2 Pump Rupture Frequencies

of one initiator given another is so small, these initiators
were not considered concurrently with any other trutiator One of the few sources containing information on

such as Loss of Offsite Power (LOSP). For the same
pump leakage and rupture rates was Reference 11.

reason, multiple flood initiators consisting of two or This report gave the mean pump rupture rate as
1.2E-9/hr (1.lE-5/yr) with an EF of 30. The data

more floods occurring simultaneously were not analyzed. ,

contained in the report was the most current data on I

For each flood zone, the flood sources in the zone, the pump rupture rates and was based on IPRD data.
Again, an EF of 30 was chosen in the report based

propagation pathways, the equipment that failed, and the
status of the scenario (i.e., whether or not the scenari on engineering judgement and the belief that

rupture frequency estimates were more uncertain
was an initiating event) are recorded m Appendix E.

than leakage frequency estimates.

2.2.3 Characterization of Flood Initiating 2.2.3.3 Pipe Rupture Frequencies
Event Frequency

Using the information presented in WASH-1400
For later use in the quantification phase of potential core Appendix 3 [10], the mean pipe leakage rate was
damage sequences, flood frequencies for potential core estimated as 8.5 E-10/hr per section with an
damage scenarios were determined. These frequencies EF=30. To estimate the pipe rupture rate from the
tre recorded in Appendix E. pipe leakage rate, WASH-1400, Appendix 3 and
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page 77, suggested the use of a severity fraction of 0.05. lumping together all flood scenarios in a given
This fraction was defined as the ratio of ruptures to flood zone resulting from the same system's rupture
leakages. Using the 0.05 factor and assuming that a that would cause exactly the same failures.
section of pipe was 20 ft long, the mean pipe rupture
rate was estimated 3.7E-7/yr per 20 ft with a lognormal In the location analysis, large areas such as the
distribution having an EF of 30. auxiliary building corridors and the turbine building

were sub-divided into smaller flood zones at each
2.2.3.4 Heat Exchanger Rupture Frequencies elevation. This was done to better analyze the

localized effects of flooding. As a result, a single
EGG SSRE-9639 [11], gave the mean shell rupture rate pipe (or loop of a system) running through a large
for heat exchanger as 4E-10/hr (3.5E4/yr) with an EFof area was divided into smaller sections according to
30. Again, an EF of 30 was chosen in the report based the flood zones through which it passed. Floods
on engineering judgement and the belief that rupture resulting from ruptures in this divided system were
frequency estimates were more uncertain than leakage then postulated in these locations and the flooding
frequency estimates. The resulting fluid boundary effects were analyzed separately. However, since
system rupture frequencies used in the analysis are these small zones and pipe sections came from a
summarized in Table 2.2.

Table 2.2 Rupture Rates for Fluid Boundary Systerns

Component Mean Rupture Frequency Distribution Error Factor

Pipe 3.7E-7/yr (pu 20 ft) Lognormal 30

Valve 3.5E4/yr Lognormal 30

Pump (External) 1.1E-5/yr Lognormal 30

Heat Exchanger (Shell) 3.5E4/yr Lognormal 30

2.2.3.5 Estimation ofInitiating Event Frequencies larger one, it was reasonable to lump them together
whenever similar system ruptures resulted in the same

The frequency of a flood initiating event was determined scenario. The lumping (literally adding the frequencies)
by incorporating the information on the fluid boundary was accomplished using the flood scenarios and flood
systems rupture rates in Table 2.2 with the information event frequencies tabulated in Table E.1 (Appendix E).
on the length of piping and the number of valves,
pumps, and heat exchangers in the pipe segment of The resulting lumped scenarios are discussed in
interest. The total frequency of rupture for each pipe Appendix F and summarized in Table 2.3. Lumping of
section ofinterest was determined by summing the different system ruptures causing the same failures was
rupture rates of all the component (pipes, pumps, valves, not done.
heat exchangers etc.) in the section. These calculations
were performed and the results recorded in Table E.1 of If these lumped scenarios appeared to be dominant after
Appendix E for those scenarios that survived the quantification, the localized effect of each scenario could
screening described in Appendix E. be reanalyzed to determine the types of structural

modifications that would reduce the core damage
2.2.4 Flood Scenario Reduction frequency contribution in each flood zone.

A flood scenario reduction process was applied to reduce Virtually all of the flood initiating events led to
the number of flood initiating events summarized in equipment and system losses which, taken in
Table E.1 of Appendix E. The process involved flood a combination, were directly analogous to one or more of
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the non-flood initiating events described in Reference 5. 2.3.2 Development of Fault Trees and Event
As a result, the initiatmg event nomenclature of Table Trees
2.3 follows that of analogous non-flood events. In order
to distinguish them from non-flood events, the flood

Once the scenarios summarized in Table 2.3 wereinitiating events had an "F" (for flood) attached to the
finalized, appropriate fault trees and event trees were

initiation label accompanied by the significant digits of
the event frequency. Thus, a flood-initiating event adapted or developed to model the sequence of events

having the same effect as a J2 event (a LOCA in a that occur as a result of internal flocding.

connected system) and having a frequency of 5.6 E-6 per
year was designated J2F56. A detailed discussion of the The event tree models incorporated the flood initiating

initiating event nomenclature for each source / scenario is event and the mitigating events necessary to prevent core
damage (including operator diagnosis and response,

given in Appendix F. The source /scenano designation is
the pipe run designation from GGNS piping and

Appendix G). liuman actions necessary to mitigate the

mstrumentation diagrams. event were integrated at appropriate points in the models.,

In most cases the human actions included in the analyses
were the r.ame as those used for the internal events
analyses of POS 5 [5]. It was assumed that as long as

2.3 Quantification Phase the flooding did not threaten the operators, they would
respond to specific losses (such as loss of Instrument

In this section of the report, the process of flood scenario Air) in the usual ways with the goal of preventing any
quantification is discussed. This process includes the undesirable consequences.

,

'

development of fault and event tree models, the
quantification of appropriate human actions, the 2.3.3 Performance of Recovery, Time
performance of recovery to determine the initial set of Window, and Uncertainty Analyses,
sequences to be examined during the ' time window"
enalysis, the time window analysis wherein less 2.3.3.1 Recovery Analysis {conservative assmptions regarding ECCS Train A

;
unavailabilities and decay heat loads were used to re- The recovery phase of a PRA analysis usually involves 1

quantify the surviving core damage sequences, and an taking credit for human actions that restore or repair
uncertainty analysis for any sequence surviving the time failed systems, or that involve the alignment of systems
window analysis. that may be available to respond to the accident, but for

some reason were not included in the original analysis.
For example, credit for use of the plant Fire Water

2.3.1 Accident Sequence Quantification System to provide makeup to the vessel is often not taken
in the basic PRA analysis because of the complexity and
length of time required to align the system in some

"Ihe quantification phase of the analyses followed the plants. There are numerous potential actions that an
same approach as that of Reference 5. Many of the operator can perform in recovering from an accident
event trees for flood initiating events corresponded sequence. Though these options are dictated by plant
directly to IEs for that reference and were used with only procedures, the option operators choose will depend on
c modification of the initiating event name and its what is available accounting for plant conditions,
frequency. Others required minor revisions to fault availability of personnel, etc. [6].
trees. A few required completely new IE and level 2
transfer event trees (i.e., the first set of transfer event in the present analysis, credit was taken for the
trees used to continue the development of the sequence traditional recovery actions such as restoration of LOSP.
logic). All initiating event trees used in these analyses The nature of the event trees and the associated HRA
cre given in Appendix H of this report. That appendix sometimes indicated the availability of other systems for
also contains the few level 2 trees developed specifically accident mitigation not credited during the basic analysis.
for these flooding events. For details of other event Recovery actions were considered at the cut set level
trees used in these analyses beyond level 1 (i.e., the IE rather than at the sequence level [6]. Thus, where |
event tree), the reader is referred to Reference 5, appropriate, credit for such systems and actions was
Detailed descriptions of the flood initiating events are applied to the surviving cut sets during the recovery
given in Appendix F. analysis. A probability of non-recovery was estimated
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for each cut set. So called " heroic" recovery actions modified to account for the actual unavailability of Train
were not considered. A detailed explanation of the A ECCS equipment during the specific time window
recovery related operator actions and their quantification being examined. These " actual" unavailabilities were
can be found in Appendix G. Once an event was chosen derived from Grand Gulf specific information. Fourthly,
for recovery, the location of the recovery was the time available for the operator actions inchided in the
determined, and the time for the recovery action was cut sets were reexamined based on the use of thermal-
estimated using HRA procedures. hydraulic calculations specific to each time window. The

purpose of this reexamination was to determine whether
2.3.3.2 Time Wmdow Analysis the failure probability assigned to the human action

would be affected by the new times from the thermal-
Once a reduced set of accident seqence cut sets were hydraulic calculations. Fifthly, the cut sets were
determined from the recovery analysis, a less reexamined to identify additional operator recovery
conservative quantification analysis was performed. For actions that might be appibable during the time window
each sequence cut set surviving the initial analysis, the being examined. Finally, the cut sets resulting from the

,

following steps were performed. Firstly, each cut set above described procedure were requantified. Any cut
was reproduced twice resulting in three cut sets for each sets surviving this requantification represented the final
original cut sei. Secondly, the first cut set was modified core damage cut sets for the POS 5 analysis.
so that it represented the accident sequence during the
first time window (i.e., POS 5 from entry into POS 5 to 2.3.3.3 Uncertainty Analysis
24 hours after shutdown). 'Ihis process was repeated for
the other two time windows (i.e. Time Window 2 - time Only parameter value uncertainties were addressed in this
greater than 24 hours after shutdown until the end of study. Uncertainty information for each initiating event,
POS 5 on the way down and Time Window 3 - POS 5 primary event, and recovery event represented in the
on the way back up from a refueling outage). Thirdly, final core damage accident sequence was obtained [6].
each time window cut set was then examined and This information was then used to perform uncertainty

calculations for the surviving accident sequence.

i
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Table 2.3 Dood Frequencies for Potential Hood Scenarios.

Mood Zone Scenario / Source Initiating Event 51ean Rupture Event
Nomenclature Frequency (per year)

3 24 GBB-62 E2DF24 2.4E-5

12 HBC-519 E2DF57 5.7E-5

12 HBC-522 TIAF16 1.6E-5

6 PSW-6 TIAF40 4.0E-5

30 JBD-105 (NE) TIAF93 9.3 E-6

SSWB-6 T5AF19 1.9E-5

14 JBD-327 (SW) T5DF81 8.lE-5

14 JBD-327 (NW) TIAF22 2.2E-5

6* HBD-382 (NW) TIAF86 8.6E-5

14 18 GBB-74 J2F48 4.8E-5

45 101BD-202 (NW) E2DF92 9.2E-6

10 JBD-202 (SW) TIOPF65 6.5 E-6 1

i54 18 GBB-31 E2BF20 2.0E-5

56A 4 DBZ-1 RWC26A 2.6E-5

56B 4 DBZ-1 RWC26B 2.6E-5

56C SDC J2F56 5.6E-6
(20 GBB-31).

65 10 JBD-253 TAB 39 3.9E4

97 SDC B J2F91 9. l E-6

100 6* DBA-9 RWC74 7.4E-6

SSW B 24 HBC-79 TSAF19 1.9E-5

TB-93 TBCW-93-1-5 TIAF23 2.3 E-5

10 JBD-489 TIAF10 1.0E-4

PSW-TB-93 TIAFI1 1.1 E-5

TB-133-4 8 JBD-136 TIAF21 2.1E4

W TB-133 4 JBD-466 TIAF13 1.3E-5

I
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3.0 Results

3.1 Introduct10n 3.2.2 TIAF40

Of the 25 flood initiating events described in Appendix F This initiating event is a of break in any one of PSW
and listed in Table 2.3,15 did not survive the initial iP pes 24 JBD-150 (SE), 24 JBD-150 (SW) and 36 HBC-
point estimate screening. nat is, all sequence 223 (NW). A break in any one of these lines results in
frequencies for 15 of the flood IEs fell below the cutoff the same failures which in turn lead to the loss of
value of 1.0 E-8 per year before a core damage state was instrument air. Results from the analysis of TIAF40 are
encountered. given in Table 3.2.2.

we remaining to initiating events had core dam.ge 3.2.3 T5AF19 - (2 Initiating Events)
sequences with frequencies greater than or equal to the '

cut-off values before recovery actions were considered. This initiating event is a break in either of two Standby
Results from the analysis of these 10 events are presented Service Water (SSW) loop B pipes in flood zone 6, (20
here. HBC-79B NW or 20 HBC-79B NE) or pipe 24 HBC-79

in flood zone SSW B. The combined frequency for the
Section 3.2 contains briefIE descriptions for the 10 breaks in tone 6 is 1.9 E-5 per year. This is also the
events and sumn.ary tables for each IE which identify frequency for the break inizone SSW B. Any of the
core damage sequences and give the frequency and breaks will result in a failure of PSW and the
number of cut sets for each sequence before recovery, Component Cooling Water. Results from the analysis of
after recovery but before a cut set update, and after the T5AF19 event corresponding to a break in either
recovery and after a cut set update, flood zone 6 (T5AF19 -A) or SSW B (T5AF19-B) are

igiven in Table 3.2.3.
{Of the 10 initiating events that survived the initial '

screening, three (including the T5AF19 initiator in two 3.2.4 T5DF81
separate locations) were found to have sequences that
survived the 1.0E-8 per year cut-off frequency after This initiating event is a break in CCW pipe 14 JBD-327
recovery. These sequences and their attendant cut sets (SW). The subsequent flood will also fail Control Rod
were then examined during the Time Window Analysis. Drive (CRD) pumps A and B. Results from the analysis
The results of this analysis are detailed in Section 3.3. of T5DF81 are given in Table 3.2.4.
The results of the uncertainty analysis for the sequence

j
surviving the Time Window Analysis are contained in 3.2.5 J2F48 '

Section 3.4.

This initiating event is a rupture in Shutdown Cooling
(SDC) loop B pipe 18 GBB-74 during SDC-B operation.

3.2 Accident Sequence Quantification ne initiator is essentially a LOCA with Suppression '

Pool Cooling loop B, LPCI loop B, and Containment
Spray k>op B failed. Results from the analysis of12F48

nis section presents the results of the quantification of are given in Table 3.2.5.
the accident sequences that survived th., initial screening
with a frequency of 1.0E-8 per year or greater. Results 3.2.6 E2BF20
before end after recovery are presented for each initiating
event in its own table. This initiating event is a break in SDC-B piping during

SDC-B operations which also fails HPCS Results form
the E2BF20 analysis are given in Table 3.2.6.

3.2.1 TIAF16
3.2.7 J2F56

his initiating event is a break in Plant Service Water
(PSW) pipe 12 HBG-522 with the plant on ADHRS. The This initiating event is a break in the RHR common
event results in the loss ofinstrument air. Results from suction line 20 GBB-31. It is a LOCA in an operating
the analysis of TIAF16 are given in Table 3.2.1. RHR system. Results from the J2F56 analysis are given

in Table 3.2.7.
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Results

3.2.8 TAB 39 3.2.10 Sequence Quantification Summary

His initiating event is a break in Fire Water System Table 3.2.10 is a summary of sequences which survived
(FWS) pipe 10 JBD-253 which results in the loss of recovery actions by initiating event. These sequences
Divisions A, B, and C power sources. The results of were then examined during the Time Window Analysis,
the analysis of TAB 39 are given in Table 3.2.8. and Table 3.2.11 summarizes the results from this

analysis. Table 3.2.12 lists the core damage frequency

3.2.9 J201 by cut sets for the sinste surviving core damage
sequence. For the Grand Gulf Nuclear Station the total

his initiating event is a break in SDC pipe 18 GBB-74 point estimate for core damage frequency due to internal

during SDC operations, ne results of the analysis of flooding of sequences greater than or equal to 1.0E-8 is

J2F91 are given in Table 3.2.9. 2.4 E-8 per year.

|

|

Table 3.2.1
Results from Quantification of TIAF16 Accident Sequence

Before Recovery After Recovery After Recovery
Before Cut Set After Cut Set

Update Update

Sequence Frequency No. Cut Frequency No. Cut Frequency No. Cut
Sets Sets Sets

03-48-51-35-03 1.617E-8 1 0 0 0 0

Table 3.2.2
Results from Quantification of TIAF40 Accident Sequence

Before Recovery After Recovery After Recovery
| Before Cut Set After Cut Set

Update Update

Sequence Frequency No. Cut Frequency No. Cut Frequency No. Cut
Sets Sets Sets

03-32-51-35-03 2.374E-8 1 0 0 0 0

| 03-48-51-35-03 4.043E-8 1 0 0 0 0
I

|
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Table 3.2.3
Resuhs from Quantification of T5AF19 Accident Sequence

--

Before Recovery After Recovery After Recovery
Before Cut Set After Cut Set

Update Update

Sequence Frequency No. Cut Frequency No. Cut Frequency No. Cut
Sets Sets Sets

03 04-21-05-A* 1.885E-7 1 0 0 0 0

03-04-2!-35-03-A* 2.179E-8 1 2.179E-8 1 2.179E-8 1

03-09-21-05-A* 2.042E 7 1 1.000E-8 1 1.000E-8 1
'

03-09-21-35-03- A* 2.361E-8 1 2.361E-8 1 2.361 E-8 1

03-51-35-03-A* 2.713E-8 1 0 0 0 0

0344-21-05-B" 1.885E-7 1 0 0 0 0

0344-21-35-03-B" 2.179E-8 1 2.179E-8 1 2.179E-8 1

03-09-2105-B" 2.042E-7 1 1.000E-8 1 1.000E-8 1

03 09-21-35-03-B" 2.361E-8 1 2.361E-8 1 2.361E-8 1

03-51 35-03-B" 2.713E-8 1 0 0 0 0

* Break in flood zone 6
~ Break in flood zone SSW B

Table 3.2.4
Results from Quantification of T5DF81 Accident Sequence

Before Recovery After Recovery After Recovery
Before Cut Set After Cut Set

Update Update

Sequence Frequency No. Cut Frequency No. Cut Frequency No. Cut
Sets Sets Sets

03-32-51-35 43 2.032E-7 1 0 0 0 0

03-48-51-35 43 3.461E-7 1 0 0 0 0,

,
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Table 3.2.5
Resuld from Quantification of J2F48 Accident Sequence

Before Recovery After Recovery After Recovery
Before Cut Set After Cut Set

Update Update

; Sequence Frequency No. Cut Frequency No. Cut Frequency No. Cut
'

Sets Sets Sets

02-01-02-67 3.829E-8 1 0 0 0 0

02-01-07-67 4.149E-8 1 0 0 0 0

02-01-51-35 43 1.587E-8 1 0 0 0 0

02-01-51-35-01-19 1.314E-8 1 0 0 0 0

Table 3.2.6
Results from Quantification of E2BF20 Accident Sequence

Before Recovery After Recovery After Recovery
| Before Cut Set After Cut Set

Update Updatei

Sequence Frequency No. Cut Frequency No. Cut Frequency No. Cut
Sets Sets Sets

05-02-39 2.071E-8 1 0 0 0 0

05-02 67 1.864E-8 1 0 0 0 0

05-07-39 2.244E-5 1 0 0 0 0
:

! 05-07-37 2.019E-7 ;I 0 0 0 0

05-51-35-01-19 1.403E 'I 1 0 0 0 0

Table 3.2.7
Results from Quantification of J2F56 Accident Sequence

Before Recoveay After Recovery After Recovery
Before Cut Set After Cut Set

Update Update

Sequence Frequency No. Cut Frequency No. Cut Frequency No. Cut
Sets Sets Sets

02-01-51-35-01 1.872E-8 1 0 0 0 0

|
,

.
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Results

Table 3.2.8
Results from Quantification of TAB 39 Accident Sequence

Before Recovery After Recovery After Recovery
Before Cut Set After Cut Set

Update Update

Sequence Frequency No. Cut Frequency No. Cut Frequency No. Cut
Sets Sets Sets

3 9.787E-8 1 9.787E-8 1 9.787E-8 1

,

Table 3.2.9
Results from Quantification of J2F91 Accident Sequence

,

Before Recovery After Recovery After Recovery
Before Cut Set After Cut Set

Update Update
Sequence Frequency No. Cut Frequency No. Cut Frequency No. Cut

Sets Sets Sets

02-01-51-35-01 3.042E-8 1 0 0 0 0

Table 3.2.10
Post-Recovery Sequence Quantification Summary

Initiating Frequency % No.Event Sequence (per yr) Frequency Cut
Sets

T5AF19 03-04-21 -3543-A" 2.179E-8 10.4 1

03-09-21-05- A* 1.000E-8 4.8 1

03-09-21-35-03-A* 2.361 E-8 11.3 1

T5AF19 0344-21-35-03-B' 2.179E-8 10.4 1

03-09-21-05-B'" 1.000E-8 4.8 1
03-09-21-35-03-B~ 2.361 E-8 11.3 1

TAB 39 03 9.787E-8 46.9 1

TOTAL 2.087E-7 100 % 7

_
-

* Break in flood zone 6
~ Break in flood zone SSW B
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Table 3.2.11
Core Damage Frequency Contribution for Sequence Surviving Time Window Analysis

Initiating Event Sequence Frequency
(per year)

TAB 39 3-W2 2.403 E-8

TOTAL 2.403 E-8

Table 3.2.12
Cut Set Core Damage Frequency Contributions

Initiating Cut Set
Event Cut Set Frequency

(per year)

TAB 39 NOACDC, POSS, /ISSDC-W2, /RLOSP, / PRESS-W2, RA-NO-REC, 2.403E-8
WD-2
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3.3 Sequence Description and Cut Set 3.4 Uncertainty Analysis
Information for Surviving Scenario

An uncertainty analysis was performed on the one

This section provides discussion of the sequence and its surviving sequence having a frequency greater than or

cttendant cut set which survived the Time Window equal to 1.0 E-08 per year. The analysis was performed

Analysis with a frequency greater than or equal to 1.0 using Latin Hypercube Sampling with 1000 samples for

E-8 per year. the survivmg cut set.

ne results f the uncertainty analysis for the surviving3.3.1 TAB 39 Sequence 3-W2 Description
sequence is given in two tables. Table 3.4.1 desenbes

The logic for sequence 3-W2 is: TAB 39*POS5 *WD-2* the uncertainty results and also contains the point

/RLOSP */ PRESS-W2*/ISSDC-W2*N O ACDC. ***"#*'"9"*"*Y I ' * "P""" " * * ***" **I"*

calculated in the uncertainty analysis. Table 3.4.2
e ntains the results f a basic event importance analysisThe sequence is initiated by a break in a Fire Water

System (FWS) pipe which results in the subsequent loss f r the sequence.

of Division A, B and C power sources due to the
resultmg flood (TAB 39). The break occurs while the in the importance analysis table, the probability of failure

plant is m Operational State 5 (POSS) during Time column contains the basic event point estimate failuie
;; ggg ; g

Window 2 (WD-2). Offsite power is available (/RLOSP)
and the plant is under non-Hydro conditions (/ PRESS' Uncertainty importance Measure is an indication of the

W2) with decay heat removal provided by the RHR effect on the sequence frequency if the basic event
frequency were to be known with absolute certainty.system operatmg m the SDC nxxle (/ISSDC-W2). All

three divisions of Class IE AC and DC power are lost
(NOACDC). Given the severity of the flood induced The Risk Reduction Difference is the amount by which a

iE ven sequence frequency would be reduced if the failureloss of equipment, no credit is given for operator
biliy for a gim buic eve were to be reduced to"" "*'I ** " * *

zero. Since the surviving flood sequence had only a

3.3.2 TAB 39 Sequence 3-W2 Cut Set single cut set, setting any basic event failure probability
to zero reduces the risk to zero. Thus, the Risk

Information Reduction Difference is equal to the point estimate
sequence frequency.

Table 3.3.1 provides the sequence frequency (the Mincut
Upper Bound) and the single cut set for the sequence. The Risk Increase Difference is the amount by which the
Table 3.3.2 lists the probabilities of the basic events used sequence point estimate frequency would increase if the
in the sequence quantification. point estimate failure probability of a basic event were to

be set to unity. For basic events whose failure
probability was initially 1.0, there is no Risk Increase
Difference.

,
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Table 3.3.1 TAB 39 Sequence 3.W2

SEQUENCE CUT SETS (QUANTIFICATION) REPORT
Family : FLOOD-TW Sequence : 3-W2
Analysis : RANDOM Event Tree : TAB 39
Case : ALTERNATE Init. Event : TAB 39

Mincut Upper Bound : 2.403E-008

Cut % % Cut Prob /
No. Total Set Freq. ALTERNATE CUT SETS

------ ----- ----- --------- --------------------------------------..---------
1 100.0 100.0 2.4E-008 /ISSDC-W2, NOACDC, POSS, / PRESS-W2, RA-NO-REC,

/RLOSP, WD-2
|
|

Table 3.3.2 Basic Event Probabilities for Sequence 3-W2

SEQUENCE CUT SETS (QUANTIFICATION) REPORT
Family : FLOOD-TW Sequence : 3-W2
Analysis : RANDOM Event Tree : TAB 39
Case : ALTERNATE Init. Event : TAB 39

Mincut Upper Bound : 2.403E-008

(Basic Event Probabilities Summary)

Basic Event Probability Basic Event Probability
---------------- ----------- ---------------- -----------

|
TAB 39 3.900E-006 ISSDC-W2 6.200E-002 |

NOACDC 1.000E+000 POSS 3.100E-002
PRESS-W2 +0.000E+000 RA-NO-REC 1.000E+000,

| RLOSP 4.000E-004 WD-2 2.120E-001

Table 3.4.1 Sequence 3-W2 Uncertainty Results

SEQUENCE UNCERTAINTY VALUES REPORT

Family : FLOOD-TW Case: CURRENT Analysis: RANDOM

Seq. Event Tree Mean Mincut 5th Perc. Minimum Seed
No. Sequence Name Median Stand. Dev. 95th Perc. Maximum Size

------ ---------------- - - _ _ - - - - - - - - - - - _ - _ _ _ - _ - - - - _ - - - - _ . - _ - - - - - - - - _ - _ _ _ .
1 TAB 39 2.275E-008 2.403E-008 8.219E-011 FO.000E+000 12345

3-W2 2.803E-009 1.033E-007 8.606E-008 2.341E-006 1000

l

l

i
,
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Table 3.4.2 Sequence 3 W2 Importance Measures

SEQUENCE IMPORTANCE MEASURES REPORT
Tamily : FLOOD-TW Sequence : 3-W2
Analysis : RANDOM Event Tree : TAB 39
Case : ALTERNATE Init. Event : TAB 39

i

(Sorted by Uncertainty Importance Measure)

Num. Probability Uncertainty Risk Risk
of of Importance Reduction Increase

Event Name Occ. Failure Measure Difference Difference
_________________ . __ _______ ___ ___________ ___________ ___________

TAB 39 1 3.900E-006 1.274E-002 2.403E-008 6.162E-003
WD-2 1 2.120E-001 1.133E-007 2.403E-008 8.932E-008
NOACDC 1 1.000E+000 2.403E-008 2.403E-008 +0.000E+000
RA-NO-REC 1 1.000E+000 2.403E-008 2.403E-008 +0.000E+000
POSS 1 3.100E-002 4.475E-009 2.403E-008 7.512E-007
RLOSP 1 4.000E-004 -4.666E-012 -9.616E-012 -2.403E-008
PRESS-W2 1 +0.000E+000 -2.403E-008 +0.000E+000 -2.403E-008
ISSDC-W2 1 6.200E-002 -3.586E-008 -1.588E-009 -2.403E-008

,

a

I

|
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4.0 Plant Damage State Analysis

This section of the report summarizes the plant damage appropriate characteristic. In the third step, the cut sets
state (PDS) analysis. are reviewed and the appro'priate attributes for each

characteristic are assigned to each cut set. Since the list
4.1 Analysis Methodology of characteristics generally describes the accident in less

detail than the cut set, groups of cut sets will have the

4.1.1 Purpose same string ofletters. A unique string ofletters is called
an End State (ES). (ESs are similar to PDSs except that

Plant damage states form the interface between the they define the accident in more detail than the PDS.).

accident frequency analysis (i.e., Level 1 analysis) and While the number of ESs can be significantly less than

the accident progression analysis (i.e., Level 2 analysis) the number of cut sets, typically there are still too many

and as such define the initial and boundary conditions for ESs to analyze individually in the Level 2 analysis.
the Level 2 analysis. In /he Level 1 analysis the Therefore, in the fourth and final step, the many ESs are

sequence of events that will lead to core damage are combined into a manageable number of PDSs. His step
identified. He minimum set of events that will result in i8 Possible because within the resolution of the Level 2
core damage is called a cut set. In the plant damage analysis many of the ESs will result in similar accident

state analysis, cut sets with similar characteristics that progressions and releases of radioactive matedal. To

are important to the progression of the accident following form the PDSs, ES characteristics are combined such

core damage are grouped together; each group constitutes that only the information that is needed to defme the
a PDS. initial and boundary conditions for the Level 2 analysis

are defined by the PDS. For example, the individual

4.1.2 Approach ESs may indicate the availability of many different
coolant injection systems (e.g., LPCI, SSW cross-tie,

A four step approach was used to develop the PDSs. In and CDS). However, if LPCI is recoverable and the

the first step, general features of the accidents that will vessel is at low pressure then the status of the other

define the initial and boundary condition for the Level 2 systems is not inportant for the model used in the Level

analysis are identified. Rese general features defme the 2 analysis. Thm, assuming the other characteristics of

configuration of the plant at the start of core damage and the ESs are the same, all those ESs with LPCI

the status of systems than can be used to mitigate the recoverable would be combined regardless of the status

accident. In the second step, specific systems and plant of SSW cross-tie and CDS. Through this process the

futums are identified that address each of these general majority of the ESs can be combined into a dozen or so

features. Each specific features is called a characteristic; PDSs, however, the actual number of PDSs developed

the possible configurations of each system or will depend on the diversity of the accident sequences

characteristic are called an attribute. More than one and ,the resolution desired for the Level 2 analysis.

characteristic may be used to derme a general feature.
For example, the following four systems (i.e., The general features of the accident that were used in

characteristics) could be used to define the general this study to develop the PDSs are: the status of electric

feature that addresses the status of core cooling : HPCS, power, the status of core cooling, the status of

LPCI, SSW crosstie, and CDS. Dat is, HPCS is one of c ntainment heat removal, status of reactor pressure

four characteristics that defines the status of core vessel integrity, the status of containment integrity, and

cooling. He possible configurations of the HPCS accident timing characteristics. Each of these general
accident features is discussed below.system, or attributes, during the accident are: (A) HPCS

available but not being used, (B) HPCS not available and
Status of Electric Power: %ere are systems andnot recoverable, and (C) HPCS not available but

recoverable with the recovery of offsite power. In this c mponents that can influence the progression of the

example, the HPCS characteristic has three attributes. accident following core damage but that were not

The list of characteristics and their associated attributes m delled in the Level 1 analyses. Many of these

define the possible plant / system configuration for a systems depend primarily on electric power. Thus, in
*

particular accident. His is displayed as a string of many cases this feature of the accident can be used to

alphanumeric characters. Le first position corresponds determine which systems can be used to mitigate the

to the first characteristic, the second position corresponds accident. For example, offsite ac power is required to

to the second characteristic and so on. The alphanumeric close the containment. Similarly, in POS 5 emergency

character assigned to each position is the attribute for the ac power is required to operate the hydrogen ignition
system.
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PDS Analysis

Status of Core Cooling: This feature is used to identify the vessel head vent is open a portion of the release will
systems that can be used to restore core coolant during enter the drywell while the remaining portion will enter
the core damage process. Restoration of core cooling the suppression pool via the SRV tailpipes. When the
offers the potential to arr6st the core damage process and vessel integrity is maintained, the pressure in the vessel
prevent vessel failure. Preventing vessel failure can will affect the timing of the accident, the amount of
substantially reduce the consequences of the accident, radioactive material released during core damage, and

the pressure in the containment following vessel failure.
Status of Containment Heat Removal: This feature The vessel pressure will also determine which systems
addresses the status of systems that can be used to can be used to provide makeup (i.e., high pressure
remove decay heat from the containment such as systems or low pressure systems).
containment sprays and the suppression pool cooling
systqms. In cases where the containment is closed, the Status of Containment Integrity: This feature defines
energy released to the containment atmosphere during the integrity of the containment boundary at the time of
core damage will pressurize the containment. These core damage. The integrity of the containment boundary
systems are used to attenuate this pressurization and is one of the most important factors that will determine
thereby reduce the load on the containment structure. the severity of the accident. For severe core damage
Containment heat removal is generally necessary to accidents in which the containment boundary remains j

prevent containment failure. Containment sprays are intact, the offsite consequences are generally small. On
clso useful in that they remove aerosols from the the other hand, when the containment boundary is not
containment atmosphere and thereby reduce any potential maintained the consequences can be quite severe. Since
release of radioactive material. Since the suppression in POS 5 the containment equipment hatch and personnel
pool is an integral part of containment heat removal, this locks can be open, it is important to know the status of
feature also addresses the status of the suppression pool these penetrations at the time of core damage. This
et the time of core damage (i.e., amount of water in the feature also addresses the status of the containment vent
peal and the temperature of the pool) and is used to system which can be used to relieve pressure in the
identify situations where its performance may be containment when containment heat removal systems are
impaired. The suppression pool is used as a heat sink not available or inadequate. Opening the containment
for the reactor, supplies water to ECCS, and is an vent, however, will allow radioactive material in the
effective device for removing radioactive material containment atmosphere to enter the environment.
released from the vessel.

Accident Timing Characteristics: This feature defines
| Status of Reactor Pressure Vessel: This feature defines the amount of time that elapr. " between the occurrence

the integrity of the reactor pressure vessel and the of the initiating event and tt nset of core damage.
pressure in the vessel at the time of core damage. The This amount of time will directly affect the amount of
integrity of the vessel is important because it will decay heat that is present at the onset of core damage,

j determine the path by which steam and radioactive which will in turn affect the timing of key events
! material will escape from the vessel. If the vessel following the onset of core damage (e.g., vessel failure

integrity is maintained, the releases will pass from the and containment failure). The speed with which the
vessel to the suppression pool via the SRV tailpipes. As accident proceeds can affect the amount of time that is
mentioned previously, the suppression pool is an available to restore core cooling and will also affect thei

! effective device for mitigating the release. For a LOCA, relative timing between when the release of radioactive
; the vessel releases will enter the drywell. For an material occurs and when the public begins to evacuate.
- interfacing systems LOCA, the release will bypass the This last item can have a major impact of the magnitude

containment altogether and enter auxiliary building. If of early health effects.

The PDS characteristics and attributes that define the
PDSs are provided in Table 4.1.
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PDS Analysis

Table 4.1 Plant Damaga State Characteristics and Attributes
i

Characteristic Attribute Description l

I
STATUS OF ELECTRICAL POWER

1 Status of Electrical Power

A Offsite power (OSP) available

B OSP not available - but recoverable

C OSP not available - not recoverable, delayed failure of core cooling

D OSP not available - not recoverable, prompt failure of core cooling

E OSP available - Emergency AC and DC power not available and not recoverable

!
STATUS OF CORE COOLING

'

2 Status of Core Coolant Irdection

A Core injection is not available and cannot be recovered

B LPCI and/or SSW crosstie are unavailable due to operator error

C LPCI and/or SSW crosstie are unavailable but recoverable with recovery of OSP

STATUS OF CONTAINMENT HEAT REMOVAL

3 Status of Containment Sprays and Suppression Pool Cooling

A CS/SPC is not available and cannot be recovered

B CS/SPC is not available but can be recovered with recovery of OSP

C CS/SPC is available

4 Status of Suppression Pool Level

A Water at " Low level" or " Drained Level"

B Suppression pool level is at the ECCS suction strainers

5 Status of Suppression Pool Temperature

A Suppression Pool is sub-cooled

B Suppression Pool is saturated
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PDS Analysis

Table 4.1 Plant Damage State Characteristics and Attributes (Continued)

._

Characteristic Attribute Description

STATUS OF REACTOR VESSEL INTEGRITY

6 Status of RPV IIead Vent

A Head vent is open during the accident

B Operators close the head vent prior to core damage

7 Status of RPV Pressure and Integrity

A Primary system is at system pressure

B Primary system is at low pressure (> 400 psia)

C Primary system is at low pressure; RPV is breached by a IfsCA inside containment

D Primary system is at low pressure; RPV is breached by a LOCA in SDC system

E Primary system is at low pressure; RPV is breached by open MSIVs

STATUS OF CONTAINMENT INTEGRITY

8 Status of Containment Lower Penannel Lock

A Containment lower personnel lock is open

B Containment status is unknown

9 Status of Containment Vent System

A CVS is unavailable and cannot be recovered

B CVS is unavailable but can be recovered with recovery of OSP

C CVS is available but has not been used because is has not been needed

TIMING CHARACTERISTICS

10 Time to Core Damage

A Core damage occurs in 2 hour

B Core damage occurs in 2.35 hours

C Core damage occurs in 3.5 hours

D Core damage occurs in 5.5 hours

E Core damage occurs in 6.75 hours
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PDS Analysis

Table 4.1 Plant Damage State Characteristics and Attributes (Continued)

Characteristic Attribute Description

10 Time to Core Damage (Continued)

F Core damage occurs in 7 hours

O Core damage occurs in 9.75 hours

H Core damage occurs in 12 hours

11 Time Windows

A Time Window 1: Ranges from 14 to 24 hours after shutdown

B Time Window 2: Ranges from 24 to 94 hours after shutdown

C Trme Window 3: Ranges from 40 to 50.4 days after shutdown

4.2 Plant Damage State routed through these divisions for emergency

Description and Analysis appucati ns. Upon loss of power, dwulation ceases,
shutdown cochng is lost, and pressure in the reactor

ResultS vessel rises. Due to the rising pressure and loss of the
three divisions of power, coolant-injection is impossible.

4.2.1 Discription of Plant Damage State The pipe break makes fire water unavailable.

A brief /.escription of the PDS is presented in this The SRVs cannot be opened manually and the rising

sectior. The alpha-numeric identifiers for the one pressure causes a break in the low pressure SDC piping

PDS is presented in Table 4.2. The definitions for and subsequent draining of the vessel. Core damage is

these identifiers were given in Table 4.1. estimated to occur approximately 5.5 hours after
accident initiation.

Table 4.2 The containment can be either open or closed and

Plant Damage State Description c ntainment cooling systems are lost for the duration of
- the accident. The loss of ac power leads to the loss of

Plant Damage State Alpha-numeric the hydrogen ignition system.

Description

PDS-P2-1 E-A- A A A- A D-B A-D B

The PDS along with its alpha-numeric identifier,

The accident leading to this PDS is initiated by a break frequency and contribution to the core damage frequency

in a Fire Water System main header. The resulting are presented in Table 4.3. The definitions for the

flood disables Divisions A, B and C ac and de power alpha-numeric identifiers were provided in Table 4.1.

souwes. Offsite power is available but cannot te
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PDS Analysis
,

Table 4.3 Plant Damage State Results

Plant Alpha-numeric Descri '.sve Statistics: Core Damage Frequency Fractional # ofv
Damage Description (llyr) Contri- Cut
States hution' Sets

5% 50 % 95 % Mean FCM-CDF

PDS-F1-2 E-A-AA A-AD-B A-B D 8.219E-I l 2.803E-09 8.606E-08 2.275 E-08 1.0 1 :

Total 2.275E-08 1.0 1

Note 1: FCM-CDF = Fractional contribution to mean core damage frequency

!
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5.0 Conclusions

5.1 General Conclusions conjunction with the assumed flow rate, was sufficient to

cause failure of all ac and de Class IE divisions of
The primary purpose of the analysis ofintemal flooding p wer. Thus, reduction of the unabated flow time did
events during POS 5 was to develop an estimate of the n t alter the conmluences of the potential accident
com damage frequency at the Grand Gulf Nuclear Station S*9"*"C*-
due to floods resulting from breaches in fluid system
houndaries. The mean core damage frequency estimate The assumption of a fully guillotined catastrophic failure
was determined to be 2.3E-8 per year. This frequency is is also c nservative. Again, this assumption did not
opproximately two orders of magnitude lower than the significantly affect the final results.

2.0E-6 per year mean core damage frequency estimate
for intemal events excluding fire and flood [5]. Thus, 5.2 Spec,ific Conclusions
internal flooding represents a minor contribution to the
total core damage frequency at GGNS during POS 5. The only potential core damage sequence having a
The low frequency is due principally to two factors: (1) frequency greater than or equal to 1.0E-8 is initiated by
the frequency for large breaks in fluid system boundaries the TAB 39 initiator. The sequence has only one cut set
is quite low compared to other failures that might lead to leading to core damage.
initiating events. (2) Even though several systems are
shut down during POS 5, those that remain available are This sequence is the single surviving sequence of the
sufficiently separated that, with one possible exception TAB 39 initiator. This initiating event is a break in the
discussed below, a single flood event will not threaten all Fire Water System piping in the Division B switchgear
of them simultaneously. area on the 111 foot level of the Control Building (Figure

A-8). The flood propagates to all areas of this level
It must also be kept in mind that several of the disabling Division A, B and C Class IE ac and dc
assumptions made in these analyses are conservative. power. While it was assumed that this loss of power |

,

Perhaps the most conservative is that flow from a break negated any mitigative or recovery actions, it is possible
would continue unabated for one hour. For all sequences that non ECCS equipment might be used. However,
other than the single surviving Time Window 2 sequence given the nature of the accident and the insignificant
this assumption did not significantly impact the analysis. contribution to the total intemal core damage frequency,
Given the high level of around-the-clock maintenance and no recovery potential was assigned to any such actions by
refurbishing activity at GGNS during a refuelink outage the analysts. Again, due to the very small contribution
POS 5, this assumption was reexamined for the surviving of flood induced core damage accidents, this should not
sequence. The final unabated flow out the break was be construed as an important source of potential core
assumed to continue for 15 minutes. This time, in damage frequency.
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This appendtx contains figures depicting the flood zones
used in this analysis. De figures provide a brief
description of the major systems /cets in the flood
Bones.
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Flood Zone Location & ID
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CONTROL BUILDING AT ELEVATION 133'

Figure A-9. Control Building,133 ft Level
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This appendix contains a summary of the components in
each flood zone. This information is presented in Table
B.1
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Flood Zone X-Ref

Table B.1 Flood Zone Cross References
.

Flood Zone Effective Area Components Power Components

(ft') Support Vulnerability Height
(ft)

e

1 1161 LPCS PUMP 1 AC BUS 15AA 8 i

LPCS MOV 11 MCC 15B11 18 !

I

LPCS MOV 1 A MCC 15B11 3

SPMU LVL SENS 3A PANEL 15P61 3

SPMU LVL SENS 3C PANEL 16P61 3
.

3 1161 EHV FAN COOLER SB MCC 16B11 10
:LPCI PUMP 2C

LPCI MOV 4C AC BUS 16AB 8

SPMU LVL MCC 16Bil 10

SENStrRANS 3B PANEL 16P61 3

SPMU LVL
SENS N003D PANEL 16P31 3

ADHRS MDP SA-N
ADHRS MDP 5B-N LCC 14 bel 1

LPCI MOV 64C LCC 14 bel 1

MCC 16B11 25 *

6 18750 CCW MDP 1 A-N LCC 11BDSLCC 1.5

CICW MDP IC-N 12BE2 1,5 L

CCW MDP IB-B LCC 16BB3 1.5
3

SSW MOV 68A MCC 15B31 14 :
'CCW MOV 42 MCC 16BI1 8

CCW MOV 54 MCC 16B21 10

CRD AOV 1A IAS 3
'

CRD MDP 1A A AC BUS 15AA 1.5 ;

CRD MDP IB-B AC BUS 16AB 1.5 !

HPCS MOV I MCC 17BOl 3 I

PSW SOV 120 PANEL 16P31 3

PSW SOV 121 PANEL 16P31 3 ,

PSW SOV 123 PANEL 16P31 5 t

PSW SOV 116 PANEL 16P31 7 :
PSW SOY 117 PANEL 16P31 7

PSW SOV 122 PANEL 16P31 5
IIPCS MOVil MCC 17B01 3 '

SSW MOV 68B MCC 16B31 14

SSW MOV 94B MCC 16B31 4.5
SSW MOV 96B MCC 16B31 4.5
SSW MOV 14B MCC 16B31 14

SSW MOV 14A MCC 15B51 14

i

!

:

>

;
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Flood Zone X-Ref ;

Table B.1 Mood Zone Cross Refeninces (Continued)

.

Hood Zone Effective Area Cornponents Power Cornponents
(ft') Support Vidnerability Height

(ft)

12 824 EHV HPCS MCC 17BO1 10
PUMP RM. FAN BIC

EHV LPCS MCC 14B41 10

PUMP RM. FAN B2A '

HPCS MOV 12C MCC 17BO! 10

HPCS MDP 1 AC BUS 17AC 6 i

HPCS MOV 15 MCC 17BOI 10
HPCS MOV 10 MCC 17BO1 7
HPCS MOV 23 MCC 17BOl 4

14 840 LPCI MOV 3B MCC 16B31 10 i

LPCI-MOV 47B MCC 16B31
LPCI-MOV 48B MCC 16B31 2

LPCI PUMP 2B-B BUS 16AB 8,

LPCI MOV 4B MCC 16B31 12 '

LPCI MOV 64B-B MCC 16B31 7 |
LPCI MOV 66B MCC 16B31 7

SPC MOV 24B MCC 16B31 15

15 978 EHV RCIC PUMP MCC 15B11 10

ROOM FAN 6A
RCIC AOV 15 IAS 1

RCIC MOV 13A DC BUS 11DA 10

RCIC MOV 19A DC BUS 11DA .5
RCIC MOV 31 A DC BUS 11DA 6

RCIC MOV 45A DC BUS 11DA
RCIC MOV 46A DC BUS 11DA 1

RCIC MOV 10A DC BUS 11DA 8

RCIC TDP 1 STEAM, 8

RCIC MOV 32B DC BUS 11DA 5

16 840 LPCI PUMP 2A-A AC BUS 15AA 8

LPCI MOV 4A MCC 15B31 10

LPCI MOV 66A MCC 15B31 2

SPC MOV 24A-A MCC 15B31 23
LPCI MOV 3A MCC 15B31 10

LPCI MOV 48A MCC 15B31 4

LPCI MOV 64A MCC 15B31 7 |

18A *156

1BB 156

19 525

24 5474
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Flood Zone X-Ref

Table B.1 Hood Zone Cross References (Continued)

Hood Zone Effective Area Components Power Components

(ft') Support Vulnerability IIcight
(ft)

35 1171

45 18750 FWS AOV 282A PANEL P531 4

FWS AOV 282B PANEL P531 4

LCC 11BD5 BOP BUS IIHD .5
LCC 14 bel BOP BUS 14AE .5
LCC 12BE2 BOP BUS 12HE .5

FWS AOV 283A PANEL P531 .5

FWS AOV 283B PANEL P531 5

ESF CST LVL 3

TRANS 54C

ESF LVL 3

TRANS 35 A

ESF CST LVL 3

TRANS 54G

ESF RX LVL 3

TRANS 63C

SSW MOV 154 MCC 16B31 2.5
SSW MOV 155A MCC 15B31 2.5
SSW MOV F155B MCC 16B31 .75

LCCllBD1 BOP BUS llHD .5

46 614 MCC 15B11 LCC 15BAl .5
LCC 15BA3 LCC 15BA3 .5
LCC 15BA1 BUS 15AA .5

48 521 LPCS MOV 5A MCC 15B31 10

| LPCI MOV42C MCC 16B11 12

| 49 619 MCC 16B11 LCC 16B81 .5
'

LCC 16BB3 BUS 16AB .5

| LCC 16 bbl BUS 16AB .5
| MCC 14Bil LCC 14 bel .5
\

'

' 53 824 MCC 16B31 LCC 16BB3 .5

54 1336 HPCS MOV 4-C MCC 17BOI 5
LPCI MOV 6B MCC 16B31 5
LPCI-MOV 27B MCC 16B31 6
SDC MOV 53B MCC 16B31 7

56 A 489 RWCU MDP 1 A LCC 11BD5 1

| 56B 489 RWCU MDP IB LCC 12BE2 1

NUREG/CR.6143 B-4 Vol. 4
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Flood Zone X-Ref

Table B.1 Hood Zone Cross References (Continued)

Mood Zone Effective Area Components Power Components
(ft') Support Vulnerability Wight

(ft)

56C 521 SDC MOV8 MCC 15B31 4

57 1336 EHV LPCI A MCC 15Bi t 10
FAN COOLER 3A

LPCI MOV 6A MCC 15B31 5

LPCI MOV 27A MCC 15B31 6
SDC MOV 53A MCC 15B31 10

59 824 MCC 15B31 AC BUS 15AA .5

61 309 DCP BAT. I A3 DC BUS IIDA .5
DCP BAT-CHAR. I A4 LCC 15BA6 .5
DCP BAT-CHAR. l A5 LCC 15BA3 .5

62 309 DCP BAT. IB3 DC BUS 1IDB .5
DCP BAT-CHAR. IB4 LCC 16BB6 .5
DCP BAT-CHAR. IB5 LCC 16BB3 .5

63 309 DCP BAT. IC3 DC BUS IIDC .5
DCP BAT-CHAR. IC4 MCC 17BOl .5 ,

DCP BAT-CHAR. IC5 MCC 13Bil .5

64 309,

65 1334 AC BUS 16AB .5-

DC BUS 11DB - .5
DGX RELAY 1611 DC BUS IIDB .5

MCC 16B31 LCC 16BB3 .5
LCC 16BB6 AC BUS 16AB .5

66 981 AC BUS 17AC - .5
DGX RELAY 1701 DC BUS IIDC .5
DGX RELAY 1704 DC BUS IIDC .5
DGX RELAY 1702 DC BUS IIDC .5

MCC 17B01 AC BUS 17AC .5
|MCC 17Bil AC BUS 17AC .5

67 1334 AC BUS 15AA - .5
DC BUS 1IDA - .5

DGX RELAY 1903 DC BUS IIDB .5
LCC 15BA6 AC BUS 15AA .5

86 2273 ACP DG13 -

SSW MOV 18B MCC 16Bil

EHV DG13 RM. MCC 17B01
COOLER 02

Vol. 4 B.5 NUREG/CR-6143
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Flood Zone X Ref

Table B.1 Flood Zone Cross References (Continued)

Flood Zone Effective Area Components Power Components

(fth Support Vulnerability Height
(ft)

87 2273 ACP DG 12 -

EHV DG 12 RM. LCC 16BB1
COOLER 1-B

EHV MOV IB-B PANEL IB711

88 2273 BUS 11DC -

EHV DG 11 RM. LCC 15BA1
COOLER l-A

EHV MOV 1A-A PANEL 1B611
SSW MOV 18A MCC 15Bil

ACP DG 11 -

90 5521 - - -

92 614 MCC 15B41 AC BUS 15AA .5

93 522 CCW MOV 67 MCC 15B11 12

94 614 MCC 16B21 LCC 16BB2 .5

97 394 SDC MOV 120B MCC 16B31 -

SDC MOV 47B MCC 16B31

98 840 - - -

99 1461 LCC 16BB4 AC BUS 16AB

100 1461 RWCU MOV 46-N MCC 1IB12
RWCU SOV 234 PANEL 872
FWCU SOV 235 PANEL 871
RWCU MOV 4A MCC 15B11

RWCU MOV 39-A MCC 15B11
RWCU MOV 34A MCC 15Bil
RWCU MOV 54-A MCC 15B31
RWCU MOV 52-B MCC 16B41

RCIC MOV 64A DC BUS 11DA
RCIC TCV 32B
RWCU MOV 35 MCC 11B12

101 18750 CCW MOV-P42-F105 MCC 15B41 8

- CCW MOV-P42-F205 MCC 15B41 8

MCC llB12 LCCllBD1 5

MCC 12B51 LCC 12BE5 .5

MCC 14B12 LCC 14 bel .5

MCC 12B22 LCC 12BE2 .5
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Flood Zone X-Ref
1

Table B.1 Mood Zone Cross References (Continued)

Mood Zone Effective Area Cornponents Power Components
(ft') Support Vulnerability Height

(ft) '

'

102 840 - - -

103 494 LPCI MOV 47A MCC 15B31 5
,
.

'

104 ;824 LCC 15BA4 AC BUS 15AA .5

LCC 15BA2 AC BUS 15AA .5

138 494

140 494 FPCCU MDP IB LCC 16 bbl 1

FPCCU MDP 1 A LCC 15BA3 1

141 18750 IAS AOV 13 IAS

IAS BOOSTER - -

COMPRESSOR 2A-A

IAS BOOSTER - -

COMPRESSOR 2-B

MCC 11B13 LCCllBD1 .5
LCC 12BE5 BOP BUS 12HE 0.5 !

IAS AOV 26A MCC 15B31
IAS AOV 26B IAS 15B31

142 987

143 124

144 124

148 465 MCC 15B21 LCC 15BA5 .5

150 840

152 494

154 494 CIV AOV 35 MCC 16B41 12

CIV AOV 36 MCC 15B21 12

CIV AOV 37 MCC 16B41 14

155 465 - -

157 465 MCC 16B41 LCC 16BB4 .5

195 817 FPCCU MOV 8A 4

FPCCU MOV 8B 4

1% 428 - -

199 3671 - -
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Flood Zone X-Ref

Table B.1 Rood Zone Cross References (Continued)

Hood Zone Effective Area Components Power Components
(ft') Support Vulnerability Height

(ft)

200 3671 FPCCU MOV-28A MCC 15B11 7.5
FPCCU SOV 19 12

FPCCU SOV 45 7
FPCCU MOV 29A MCC 15Bil 6.75

202 3671 - -

203 3671 - -

219 3400 - -

220 260 INSTRUMENT MOTOR 1

GENERATOR

221 1470 B21 TRIP UNITS
N692 A&E

,

N694 A&E
N691 A&E
N697 A&E
N698 A&E

'
E51 TRIP UNITS

N635 A&E

222 400 - -

224 9219

225 4610

SSW A 936 SSW PUMP 1 A-A AC BUS 15AA 3

SSW-PUMP 2-C AC BUS 17AC 4
MCC 15B51 LCC 15BA5 .5
LCC 15BA5 AC BUS 15AA .5

SSW MOV 1 A MCC 15B51

SSW B 936 SSW-PUMP IB-B AC BUS 16AB 3

FWSA FWS PUMP 3A -

FW MDP LCCllBD3

FWSB FWS PUMP 3B -
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Flood Zone X-Ref

Table B.1 Fh>od Zone Cross References (Continued)

llood Zone Effective Area Components Power Components
(ft') Support Vulnerability lleight

(ft)

TB-93-1 9084 CONDENSATE BOOSTER BOP BUS 13AD
PUMP A

CONDENSATE BOOSTER BOP BUS 14AE
PUMP B

CONDENSATE BOOSTER BOP BUS 14AE
PUMP C

TB-93-2 9084 - -

TB-93-3 9084 - -

TB-93-4 9084 - -

TB-93-5 9084 - -

TB-93-6 9084 TBCW PUMP A BOP BUS 13AD 2.0
TBCW PUMP B BOP BUS 14AE 2.0
TBCW PUMP C BOP BUS 14 AE 2.0 i

CONDENSATE PUMP A 2.0 |
CONDENSATE PUMP B 2.0 1

TB-ll3-1 9084 MCC 12B41 LCC 12BE4 0.5
LCC 12BE4 BOP BUS 12HE 0.5

TB-113-2 9084 - -

TB-113-3 9084 MCC 13B11 LCC 13BD1 0.5

9084 MCC 13B21 LCC 13BD2 0.5

TB-ll3-5 9084 MCC 11B21 LCC 11BD2 0.5
LCC 12 bel BOP BUS 12HE 0.5
LCC11BD2 BOP BUS 12}IE 0.5

TB-113-6 9084 MCC 14B22 LCC 14BE2 0.5
MCC 12B11 LCC 12 bel 0.5
LCC 12BE6 BOP BUS 12iiE 0.5
LCC 14BE2 BOP BUS 14AE 0.5
LCC 13BD1 BOP BUS 13AD 0.5 |

TB-133-1 9084 - -

TB-133-2 9084 - -

TB-133-3 9084 MCC 13B12 LCC 13BD1 0.5
MCC 14B21 LCC 14BE2 0.5
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Flood Zone X-Ref

Table B.1 Mood Zone Cross References (Continued)

Hood Zone Effective Area Components Power Components

(ft') Support Vulnerability Height
(ft)

TB-133-4 9084 BOP BUS 13 AD - 0.5
BOP BUS 11HD - 0.5

TB-133-5 9084 - -

TB-133-6 9084 - -

TB-166-1 9084 - -

TB-166-2 9084 - -

TB-166-3 9084 - -

TB 166-4 9084 - -

TB-166-5 9084 - -

TB-166-6 9084 - - |

CWP

RWB 24467

WTB-133 7200 SAS COMPRESR. I A-N BOP BUS 13AD 0.5
SAS COMPRESR. IB-N BOP BUS 14AE 0.5
IAS COMPRESR.1-N BOP BUS 14AE 0.5
IAS COMPRESR. IB AC BUS 16AB 0.5

LCCllBD3 BOP BUS llHD 0.5
! IAS AOV 500

IAS AOV 504 PANEL 16P31,

1
1

,
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Appendix C - Flood Source and Flood Locations
i

This appendix provides information on the flood source (s)
. in each of the identified flood zones. Table C.1 presents
this information.

i

,
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Flood Sourece & I.ocation

Table C.1 Mood Soune(s) in Each Hood zone

|
'

i.

Mood Alarm Source System Pipe Id. How Rate '
r

| Zones (GPM) !

1 x
LPCS PUMP SUCTION 24" HBB-8 7,115 -

'
FROM SUPPRESSION

POOL

3 x LPCI PUMP C SUCTION 24" GBB-62 7450
FROM THE SUPPRESSION

POOL
,

ADHRS PUMP SUCTION 12" HBC-519 3600

PSW SUPPLY TO ADHRS

j12" HBC-522 1500

6 x PSW TO COOLING 24" JBD-150 15,000
,

TOWER DISCHARGE .

'
,

SSW LOOP A SUPPLY 20" HBC-79 -

|
'

SSW LOOP B SUPPLY 20" HBC-79 12,000

'
PSW SUPPLY 30" JBD-105 15,000

!

PSW SUPPLY 36" HBC-223 15,000
|

CCW PUMP DISCliARGE 14" JBD-327 3974
(

CRD PIPING i

6" HBD-382 240
t

12 x HPCS SUCTION FROM 24" HBB-21 7,115
CST ;

14 x RilR PUMP B 18" GBB-74 4500 !

DISCHARGE PIPING '

15 x RCIC PUMP SUCTION 6" HBB-49 825

16 x RHR PUMP A 18" GBB-18 - ;

DISCHARGE

18A EQUIP / FLOOR DRAIN P45-A001 ~5000 GAU |

{TANK

l8B FLOOR DRAIN P45-A002 *5000 GAL
TRANSFER TANK

!

.
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Flood Source & Location
!

Table C.1 Mood Source (s) in Each Rood Zone (Continued) |

Hood Alarm Source System Pipe Id. How Rate
Zones (GPM)

19 EQUIPMENT DRAIN 6" HBD-771 100
TRANSFER PUMP

DISCHARGE PIPING

24 x - - -

35 - - i

45 x REFUELING STORAGE 12" HBC-203 -

TANK PIPING

CONDENSATE PIPING 12" HBD-30 -

FIRE PROTECTION 10" JBD-202 4530
SYSTEM

46 ESF ROOM COOLER T46-B002A 40 l
'

(2" HBC-93)

48 - - - -

49 ESF ROOM COOLER T46-B002B 40
(2" HBC-93)

53 SPRAY INITIATOR: ESF T46-B001B 15

ROOM COOLER (1.5" HBC-93)

54 FROM RHR B HEAT 20" GBB-78 4500 ;

EXCHANGER !

56A x RWCU PUMP OUTLET 4" DBZ-2 180

56B x RWCU PUMP OUTLET 4" DBZ-2 180

56C SDC SUCTION LINE 20" GBB-31 4500

57 RHR PUMP A HEAT ' 18" GBB-19 4500 |
EXCHANGER |

59 ESP ROOM COOLER T46-B001 A 15

61 - - -

i

62 - - - !

63 - - -

64 -

|
'

65 - FIRE WATER PlPING 10" JBD-253 4530

66 -

67 -

Vol. 4 C-3 NUREG/CR-6143
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Flood Source & Iecation ;

Table C.1 Mood Source (s) in Each Mood Zone (Continued)

Mood Alann Source Systen Pipe Id. How Rate
Zones (GPM)

86 x SSW LOOP B SUPPLY TO 10" HBC-86 2400 4

DIESEL JACKET COOLER :

87 x SSW LOOP A SUPPLY TO 10" HBC-87 2400 '

DIESEL JACKET COOLER
,

88 x SSW LOOP SUPPLY TO 6" HBC-84 2400
DIESEL JACKET COOLER

i
90 PSW TO CONTROL RM 6" JBD-162 161 |

~ A/C PIPING
~

92 ESF ROOM COOLER T46-B005A 15

93 - CCW TO CONTAINMENT 10" JDD-309 1334
,

OUTBOARD ISOLATION
PIPING

94 ESF ROOM COOLER T46-B005B 15

97 RHR PUMP B 18" GBB-74 4500
DISCHARGE PIPING !

'

98 - - -

99 ESF ROOM COOLER T46-B003B 40 ;

100 FEEDWATER PIPING 24" DBB-73

RWCU PIPING )6" DBA-9 360 *
INLET TO RWCU PUMPS

i

101 x SPCU FROM RHR 12" GBD-166 625
PUMP C DISCHARGE

PCW TO TURBINE BLDG 8" JBD-648 721

PCW PIPE 10" JBD-644 1332

102 - - - ;

103 RHR PUMP A 18" GBB-18 4,500
DISCHARGE

,

104 ESF ROOM COOLER T46-B003A 40

138 1000 GAL RECEIVING "10,000 G AL
TANK

,

140 x FUEL POOL DRAIN ~5,000 GAL
TANK *

141 FPCCU 14* HBC-208 1100 {

NUREG/CR-6143 C-4 vol. 4
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Flood Source & Location

Table C.1 Mood Source (s) in Each Mood Zone (Continued)

Mood Alarm Source System Pipe Id. How Rate
Zoms (GPM) i

142 x FPCCU CASK STORAGE G41-F033 2500
POOL DRAIN VALVE

143 FPCCU PUMP OUTLET 8' HBC-19 1100
TOFPHX

144 FPCCU PUMP OUTLET 8" HBC-19 1100 i
'TO FPHX
4

148 ESF ROOM COOLER T46- BOO 4A 15

150 - - -

152 - - -

154 - - -

155 - - -

157 SPRAY INITIATOR: ESF T46-B004B 15

ROOM COOLER

i195 FUEL POOL 8" HBZ-1 1100
FILTER /DEMIN TO FUEL )

POOL DISTRIBUTION ;

HEADER l

196 INLET TO FUEL POOL 10" HBC-13 1100
DRAIN TANK

199 FPCCU PIPING FROM 14" HBC-208 2200
RHR TO FUEL POOL )

200 - - -

202 - - - ;

203 -

- . -

219 x - - -

220 x - - -

221 - - -

222 FWS PIPING 6" JBD-69 4530

224 - - - -

225 - - -
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Flood Source & Location

Table C.1 Mood Source (s) in Each Rood Zone (Continued)

Mood Alarm Source Systan Pipe Id. How Rate
Zones (GPM)

SSW A SSW PUMP A 24" HBC-79 -

DISCHARGE

SSW B SSW PUMP B 24" HBC-79 12,000
DISCHARGE

FWSA x FWS PIPING 10 JBD" 181 4530

FWSB x FWS PIPING 10 JBD" 181 4530

TB-93-1 x TBCW 10" JBD-583 18,888

TB-93-2 x TBCW 24" JBD-429 18,888

TB-93-3 x CIRCULATING WATER 30 JBD-77 -

TBCW 24* JBD-442 18,888

TB-93-4 x PSW 24" JBD-77 15,000
1

TB-93-5 x PSW 24" JBD-77 15,000
TBCW 10" JBD-489 18,888

TB-93-6 x CIRCULATING WATER 30" JBD-77 -

PSW 24" JBD-77 15,000

ITBCW 24" JBD-442 18,888

TB-113-1 x FEEDWATER 14" FBD-1 -

TB-113-2 x FEEDWATER 24" DBD-21 -

TB-113-3 x FEEDWATER 24" DBD-21 -

TB-ll3-4 x FIREWATER 10" JBD-223 4530

TB-113-5 x FIREWATER 10" JBD-223 4530

TB 1134 x FIREWATER 10 JBD-223 4530

TB-133-1 x - - -

TB-133-2 x - - -

| TB-133-3 x FEEDWATER 24" DBD-14 -
,

1

TB-133-4 x PSW 8" JBD-136' 500

TB-133-5 x - - -

TB-ll3-6 x - - -

TB-166-1 x - - -

TB-166-2 x - . - ;

|

NUREG/CR-6143 C-6 vol.4

1
- _ |



.- _-_
. - . -.. . -. -. - ._ . = . . . =-

Flood Source & Location

Table C.1 Hood Source (s) in Each Hood Zone (Continued)

Hood Alarm Source Systan Pipe Id. How Rate
Zones (GPM)

TB-166-3 x - - -

TB-166-4 x - - -

TB-166-5 x - - -

TB-166-6 x - - -

* '

RWB x - - -

CWP x CIRCULATING WATER - -

PIPING

WTB-133 x TBCW TO SAS AND IAS 4" JBD-466 280
COMPRESSORS

* Flood volume in gallons (GAL)

l

!
3

'
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Appendix D Calculations

D.1 Calculation #1 Since two flood doors would have to de ielt open to iena to
a flood caused initiating event, the potential for two doors

D.1.1. HEP for Falling to Close a Single being len open at the same time must be addressed. During
shutdown, it is possible that a single operator or crew,Door
during a single shift, would be responsibh 'ar assigning
individuals to perform the " door watch" i tasks to be

here are actually two errors of omission possible here and performed in two or more adjacent rooms (i.e., suoms
either one will lead to failure. ney are: where a flood in one room could affect performance of

systems in the others). Thus, the potential for a " common
1. Failure to place someone by the door (or at least cause* failure in assigning the door watches per TS is

make someone responsible) given the Techrdcal possible. When there is little or no separation in time and
Specifications (TS) require it (Dl]. the same individuals are handling task assignments, what

happens in one case is more likely to be related to what
2. Failure to close the door when the task in the

, happens in the next case. Hat is, a dependency may exist |
potential flood area is completed. and an error in one instance may be related to an error in I

another. For the present analysis, it was conservatively
For the first failure, it is assumed that there is not a written

assumed that complete dependence existed in the assignment
check-off provision and that the operator has a "short list * of door watches for work in adjacent rooms with flood
of items (< 10) to remember regarding the written TS potential. Thus, it was assumed that a failure to assign a
requirements for posting a * door watch' when entering and door watch for one room would also lead to a failure to
leaving a flood area. From NUREG/CR-1278 (D2], Table assign a door watch for an adjacent room. With complete
20-7, the HEP is given as 0.003 with an EF of 3. dependence, the HEP for the two events would be equal to

the HEP for failing to assign a door watch for a single
For the second failure, the same assumptions are made (n room.
writta check-off provision and a short list of items), which
again gives an HEP of 0.003 with an EF of 3 from Table D.2 Calculation #220-7. However, since the door watch will be accompanied
by someone else that will also be aware of the need to
ensure that the flood door is closed, credit for a check Evaluation of the Pmbability of Pine Runture Durine ECCS

System Flow Test.without written materials can also be given. Per Table 20-
22 in Refermce D2, the recovery llEP is 0.2 with an EF of
5. Hus, the HEP for the second failure is given by: Surveillance flow tests are performed on the Emergency

Core Cooling System (ECCS) every 92 days in accordance

HEP 2 - 0.003 x 0.2 = 0.0006 with to procedures OC-OP-lE22-Q-005 REV 22 for HPCS

[D3] and OC-OP-1E12-0024 REV 23 for LPCI [D4]. The
P ant estimates that the tests can be performed within fourlne total HEP is given by:
hours. Herefore, the total time that the ECCS system is

IIEl'r = HEPl + llEP2 actively tested is sixteen hours per year. Since the fraction

= 0.003 '+ 0.0006 f time spent in POS 5 is 0.031 then the fraction of time

= 0.0036 spent perf rming surveillance tests on the ECCS while in
POS 5 is equal to (16/(0.031*24*365)) = 0.0589.

He EF can conservatively be muumed to be i
D.3 Calculation #3

he above HEPT is a conservative estimate because
functionally it assumes that if an operator fails to assign a D.3.1. LPCI and LPCS inventory release
door watch (HEP = 0.003), the door will not be closed. from the Suppression Pool
However, even if a door watch is assigned, there is still a
0.0006 probability of the door not getting closed. The LPCS and LPCI pumps take suction from the

"
D.I.2. Failure to Close Adjacent Flood

Doors (Necessary to cause an Height of strainer from pool floor for LPCS pump = 10 ft
initiating event).
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Calculations
|

Height of strainer from pool floor for LPCI pump = 15 ft.
Assume that the suppression pool water level is at the high
water level, the maximum depth of the suppression pool is

19 ft.

Area of the suppression pool is 7353 sqft.

Given a full guillotine break in the pump suction line, the
water level in the suppression pool would fall until the pool
1 vel was below the pump suction strainers. Since it is
assumed that in POS S Suppression Pool Makeup System
(SPMU) is isolated from automatic initiation, the SPMU
would not dump additional water into the suppression pool.

This implies that for a break in the LPCS system, the
v61ume of water released would be 9 ft * 7353 sqft =
66,177 cuft.

For a break in the LPCI system, the volume of water
released would be 4 ft * 7353 sqft = 29412 cuft

D.3.2 HPCS inventory release from the
Condensate Storage Tank (CST).

In the standby position HPCS is usually lined up to the
CST. Assuming that the total inventory of the CST
(170,000 GAL) is released given a pipe guillotine rupture,
the total volume = 170,000 gal *(231 cubic inches / gal) * (1
cuft/1728 cubic inches) = 22,725 cuft

NUREG/CR-6143 D-2 Vol. 4
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Appendix E - Propagation Scenario Development

his appendix describes in detail all the propagation water would flow from tiu LPCS room to the auxiliary
scenarios developed by the processes outlined in Section building corridor and corridor rooms.
2.2. For each flood mne, the flood source, propagation
pathways, equipment failure, and the consequences of the Assuming that, in the worst case, the watertight doors on
flood are described. A convention ' A > B * was used the HPCS pump room and the RHR C room were open,
to denote flood propagation from a specific flood mne A then water would accumulate to a depth of 1.5 feet in the
to another flood mne B. The estimation of potential auxiliary building corridor and corridor rooms.
flcod frequencies are included in Table E.1. Note that
the terms "floix! mnes' and " flood locations" are used Results
interchangeably. Numerical designations for flo(xl zones
are given in Appendix A. A review of Appendix B indicated that, as a result of the |

first scenario, LPCS components and SPMU level sensors

E.1 Flood Zone 1 : LPCS Pump 3^ and 3C would be degraded. However, the scenario

Room w uld not cause an initiating event since the fanum of
LPCS would not challenge the integrity of the reactor
core.

E.1.1 LPCS Pump Suction Line
,

In the second (worst case) scenario, LPCS components,
Source Altcmate Decay lleat Removal System (ADHRS) pumps

5A and 5B, Component Cooling Water (CCW) pumps A,
Random pipe rupture of LPCS pump suction line (24" D, and C, and Control Rod Drive (CRD) pumps A and B
118B-8) from the suppression pool during system flow would fail. If the plant was operating on ADHRS at the
test. The resulting flow rate would be 7115 GPM [El]. time of the thxxl then the loss of the system constitutes

an initiating event.
Propagation

The performance of the Reactor Water Cleanup System
I > 1 with the water tight door DR-1 A108 closed. (RWCU) pumps and heat exchangers, the Fuel Pool

,

'

Cooling and Cleanup System (FPCCU) heat exchangers, !
l > through water tight door DR-1 A108 to Auxiliary and the Reactor Recirculation System (RRS) pumps ,

building corridor at elevation 93' and all adjacent would also be degraded due to a loss of CCW, Failure |
corridor fkxxl mnes assuming that, in the worst case, all of the RRS purnps would constitute an initiating event as
water tight doors were open. nonnal reactor leakage could degrade natural circulation

which in turn would degrade the performance of
law Pressure Core Spray (LPCS) pump room has a shutdown decay heat removal.
water tight door and is equipped with its own sump and
sump pump [E2]. In addition, the room is required by The frequency of the worst case scenario was estimated
technical specifications to be manually monitored if open from the product of the frequency of the pipe system
lE3). break (conservatively assumed to be on the order 1E-4

per year), the probability that the water tight doors were
Any leaks in the LPCS pump nom would be identified left open (3.6E-3 from Appendix D), the fraction of time
by a high water level sump alarm in the control room. spent in testing (5.89E-2 Appendix D), and the fraction

of time spent in the POS 5 (3.lE-2).i

If the water tight door is closed at the time of the flood
then water would fill the LPCS pump room to a depth of This frequency, calculated to be 6.0E-10 per year, was
27.5 feet in 33 minutes. Since this pipe rupture eve it below the cut +ff frequency of 1.0E-8 per year.
would occur dunng a flow test, when various system Therefore, this flomi scenario was screened out.
flow parameters would normally be monitored from the
control room,33 minutes should be sufficient time to Source:
detect and isolate the flood by closing LPCS MOV 1.

Random pipe rupture of LPCS pump suction line (24"
Given that the LPCS pump room watertight door DR- HBB-8) from the suppression imol. The rupture was
I A108 was left open and unattended, a floal occurred, estimated to release 66,177 cubic feet of water when the
and the flood was not detected by the sump alarm, then
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Propagation Development
,

system was on standby (Appendix D). The frequency of the worst case scenario was estimated
as the product of the frequency of the pipe system break

Propagation (conservatively assumed to be on the order IE-4 per
year), the probability that the water tight doors are left

I > 1 with the water tight door DR-1 A108 closed. open (3.6E-3 Appendix D), and the fraction of time spent
in the POS 5 (3.1E-2).

1 > through water tight door DR-l A108 to Auxiliary
building corridor at elevation 93' and all adjacent This frequency, calculated to be 1.lE-8/yr, was too low
corridor flood zones assuming that, in the worst case, all to be considered. Since other systems would still be

water tight doors were open. available for mitigation, this flood scenario was screened
out.

If the water tight door was closed at the time of the
flood, then water would fill the room to a depth of 27.5 E.2 Flood zone 3 : RHR C Pump
feet and come to equilibrium as the pressure in the LPCS E
pump room balances the pressure head of the water in the _

suppression pool. E.2.1 LPCI C Pump Suction Line
Given that the LPCS pump room watertight door DR-
1 A108 was left open and unattended, a flood occurred, Jource

and the flood was not detected by the sump alarm, then
water would flow from the LPCS room to the auxiliary Rrndom pipe rupture of LPCI C pump suction line (24'

building corridor and corridor rooms. GBB42) from the suppression pool during system flow
test. He resulting flow rate being 7450 GPM.

Assuming that, in the worst case, the watertight doors on
the llPCS pump room and the RIIR C room were open, Proliagation

water would accumulate to a depth of 3.5 feet in the
auxiliary building corridor and corridor rooms. 3 > 3 with the water tight door DR-1 A109 closed.

3 > Auxiliary building corridor at the 93' elevation andResult
adjacent corridor flood zones assuming that, in the worst

A review of Appendix B indicated that, as a result of the case, all water tight doors dere open.

first scenario, LPCS components and SPMU level sensors
3A and 3C would be degraded. Ilowever, the scenario low Pressure Coolant Injection System-C (LPCI-C)

would not cause an initiating event since the failure of pump room has a water tight door and is equipped with

LPCS would not challenge the integrity of the reactor its own sump and sump pump. In addition, the room is
required by technical specifications to be manuallycore,
monitored if open. If the water tight door was closed at

In the second scenario, LPCS components, liigh Pressure the time of the flood then water would fill the room to a

Core Spray (IIPCS) Motor Operated Valves (MOVs) I depth of 27.5 feet in 32 minutes. Since this pipe rupture

and 11, ADilRS pumps 5A and 5B, CCW pumps A, B, event occurred during a flow test, when various system

and C, and CRD pumps A' and B would fail. flow parameters would normally monitored. 32 minutes
should be sufficient time to detect and isolate the flood by

if the plant was operating on ADilRS at the time of the closing LPCI MOV 4C.

flood, then the k>ss of ADilRS would constitute an
Given that LPCI C pump watertight door DR-1 A109 wasinitiating event.
left open and unattended, a flood occurred, and the flood

he RWCU pumps and heat exchangers, the FPCCU heat was not detected by the sump alarm, then water would

exchangers, and the RRS pumps would be degraded due flow from the LPCI C room to the auxiliary building

to a loss of CCW. Failure of the RRS pumps would corridor and corridor rooms. Assuming 6, in the

constitute an initiating event as normal reactor leakage worst case, the watertight doors on the ifPCS pump room

would degrade natural cin;ulation thus degrading the and the LPCS rooms were also oper., then water would

performance of shutdown decay heat removal. accumulate to a depth of 3.2 feet in the auxiliary building
corridor and corridor rooms.
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Result Low Pressure Coolant injection System-C (LPCI-C)
pump room has a water tight door with its own sump and

A review of Appendix B indicated that, as a result of the sump pump. In addition, the room is required by
first scenario, RMP, pump C and ADHRS components technical specifications to be manually monitored if opea.
would be degraded. However, the plant would not be If the water tight door was closed at the time of the flood
operating ADHRS and testing RHR pump C flow at the then water would fill the room to a depth of 25 feet. As
same time because bo.h ADHRS and RHR pump C use a result of this flood, LPCI pump C and ADHRS pumps
the same discharge firse. %erefore, loss of ADHRS at would fail,

the time of the flood would not constitute an initiating
ovent. %erefore, this flood scenario was screened out. Given that LPCI C pump watertight door DR-1 A109 was

left open and unattended, a flood occurred, and the flood |
In the second scenario, LPCS components, ADHRS was not detected by the sump alarm, then water would
pumps SA and 5B, RHR pump C, CCW pumps A, B, flow from the LPCI C room to the auxiliary building
and C, and CRD pumps A and B would fail. The corridor and corridor rooms.
Reactor Water Cleanup System (RWCU) pumps and heat
exchangers, the Fuel Pool Cooling and Cleanup System Assuming that, in the worst case, the watertight doors on
(FPCCU) heat exchangers, and the RRS pumps would be the HPCS pump room and the LPCS rooms were also
degraded due to a loss of CCW. Failure of the RRS open, then water would accumulate to a depth of 3.5 feet
pumps would constitute an initiating event as normal in the auxiliary building corridor and adjacent corridor
reactor leakage would degrade natural circulation and rooms.

degrade the performance of shutdown decay heat
removal. Failure of CRD and RWCU would also cause Result
initiating events.

A review of Appendix B indicated that, in the first
ne fmquency of the worst case scenario was estimated scenario, the water would fail RHR pump C and ADHRS
as the product of the frequency of the pipe system break components. If the plant was operating ADHRS at the ,

(IE-4 per year), the probability that the water tight doors time of the flood, the loss of ADHRS would constitute an I

are left open (3.6E-3 from appendix D), the fraction of initiating event. Therefore, this flood scenario was not
time spent in testing (5.89E-2 Appendix D), and the screened out.

fraction of time spent in the POS 5 (3.1E-2).
In the second scenario, LPCS components, ADHRS

nis frequency, calculated to be 6.0E-10 per year, was pumps 5A and 5B, RHR pump C, CCW pumps A, B,
too low to be considered. Therefore, this flood scenario and C, and CRD pumps A an B would fail.
was screened out.

If the plant was operating on ADHRS at the time of the
flood, then the loss of ADHRS would constitute an

E.2.2 LPCI C Pump Suction Line initiating event.

Source The performance of RWCU pumps and heat exchangers,
the FPCCU heat exchangers, and the RRS pumps would

Random pipe mpture of LPCI C pump suction line (24* be degraded due to a loss of CCW. Failure of RRS

GBB-62) from the suppression pool. This resulted in a would constitute an initiating event as normal reactor

discharge of 29,412 cubic feet of water when the system leakage would degrade natural circulation and thus

was on standby (Appendix D). degrade the performance of shutdown decay heat
removal.

Propagation
The frequency of the worst case scenario was estimated

3 > 3 with the water tight door DR-1 A109 closed as the product of the frequency of the pipe system break
(IE-4 per year), the probability that the water tight doors

3 > Auxiliary building corridor at the 93' elevation and are left open (3.6E-3 Appendix D), and the fraction of

adjacent corridor flood zones assuming that in the worst time spent in the POS 5 (3.lE-2).

case all water tight doors were open.
This frequency, calculated to be 1.lE-Myr, was too low
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to be considered. Since other systems would still be first scenario, RiiR pump C and ADHRS components
available for mitigation, this flood scenario was screened would be degraded.
out.

Since the plant would be operating on ADilRS at the
time of the flood, the loss of ADHRS would constitute an

E.2.3 ADHRS Pump Suction Line initiating event. Therefore, this Good scenario was not
screened out.

Source
in the second scenario, LPCS components, ADHRS

Random pipe mpture of ADHRS pump suction line (12* pumps 5 A and 5B, and RHR pump C would fail. The

IIBC-519) with a flow rate of 3600 GPM. frequency of the worst case scenario was estimated as the
product of the frequency of the pipe system break (15-4

Propagation per year), the probability that the water tight doors were
left open (3.6E-3 from appendix D), the fraction of time

3 > 3 with the water tight door DR-1 A109 closed. spent in testing (5.89E-2 Appendix D), and the fraction
of time spent in the POS 5 (3.lE-2).

3 > Auxiliary building corridor at the 93' elevation and
edjacent corridor flom! zones assuming that in the worst This frequency, calculated to be 6.0E-10 per year, was
case all water tight doors were open. too low to be considered. Therefore, this flood scenario

was screened out.

LPCI-C pump room has a water tight door and is
equipped with its own sump and sump pump. In
eddition, the nom is required by technical specifications E.2.4 PSW Supply to ADHRS
to be manually monitored if open. During POS 5, the
water level in the reactor can be raised to the steamlines Source
(648").

Random pipe rupture of PSW supply to ADHRS (12"
Given a break in the ADHRS line in location 3, the water llBC-522) with a flow rate of 1500 GPM. ;

level in the reactor vessel would fall to level diree
(544.4*) at which time the SDC suction line would be Propagation
isolated by automatic closing of SDC MOVs 8 and 9.

,

-

This would result in 22,191 gallons of water being 3 > 3 with the water tight door DR-I A109 closed.
discharged in flood zone 3.

,

*

3 > Auxiliary building corridor at the 93* elevation and
if the water tight door was closed at the time of the flood adjacent corridor flood mnes assuming that, in the worst
then water would accumulate in flood zone 3 to a depth case, all water tight doors were open.
of 2.6 feet.

LPCI-C pump room has a water tight door and is
Given that LPCI C pump room watertight door DR- equipped with its own sump and sump pump. In
I A109 was left open and unattended, a flood occurred, addition, the room is required by technical specifications
end the floo I was not detected by the sump alarm, water to be manually monitored if open. If the water tight door
would flow from the LPCI C room to the auxiliary was closed at the time of the flood then water would fill
building corridor and corridor noms. the room to a depth of 10.4 feet in one hour.

Assuming that, in the worst case, the watertight doors on Given that LPCI C pump watertight door DR-1 A109 was
the HPCS pump room and the LPCS rooms were also left open and unattended, a flood occurred, and the flood
open, then water would accumulate to a depth of . as not detected by the sump alarm, then water wouldw
cpproximately 2 inches in the auxiliary building corridor flow from the LPCI C room to the auxiliary building
and corridor rooms. corridor and corridor rooms. Assuming that, in the worst

case, the watertight doors on the HPCS pump room and
Result the LPCS rooms were also open, then water would

accumulate to a depth of 1.5 feet in the auxiliary building
A review of Appendix B indicated that, as a result of the corridor and corridor rooms.
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Result Propagation

A review of Appendix B indicated that, as a result of the 6 > Auxiliary building corridor and adjacent corridor
first scenario, RHR pump C and ADHRS components flood zones (18A through door DR 1 Al10,18B
would be degraded. PSW would also fail. Since the through DR 1 A111, and 19 through DR 1 A112) at the
plant would be operating on ADHRS at the time of the 93' elevation.
flood, the loss of ADilRS would constitute an initiating
event. Herefore, this flood scenario was not screened The water would spray equipment in the South Wect
out. quadrant then propagate and flood all the adjacent

corridor flood zones to a depth of approximately 6.4 feet.,

In the second scenario, LPCS components, ADHRS
pumps 5A and 5B, RilR pump C, CCW pumps A, B, Results .

'

and C, and CRD pumps A and B would fail. The
Reactor Water Cleanup System (RWCU) pumps and heat A review of Appendix B indicated that the flood at the
exchangers, the Fuel Pool' Cooling and Cleanup System south wall of the auxiliary building would directly fail the
(FPCCU) heat exchangers, and the RRS pumps would be C,mponent Cooling Water (CCW) pumps A, B, and C
degraded due to a loss of CCW. anu the PSW system. The flood would then propagate to

the rest of the auxiliary building where it would fail CRD
Failure of the RRS pumps would constitute an initiating pumps A and B and Air Operated Valve (AOV) 1 A, SSW
eve.nt as normal reactor leakage would degrade natural MOVs 94B and 96B as they were, HPCS MOVs 1 and
circulation and degrade the performance of shutdown 11 in their standby po-itions, and PSW Solenoid Operatn!
decay heat removal. Valves (SOVs) 120,121,122 and 123.

Failure of CRD and RWCU would also cause initiating Loss of CRD, PSW, and CCW would constitute an
events. initiating event. Consequently, this scenario was not

screened out of the analysis.
The frequency of the worst case scenario was estimated
as the product of the frequency of the pipe system break
(IE-4 per year), the probability that the water tight doors E.3.2 CCW Pipe Segment
are left open (3.6E-3 from appendix D), the fraction of
time spent in testing (5.89E-2 Appendix D), and the
fraction of time spent in the POS 5 (3.lE-2). Source

This frequency, calculated to be 6.0E-10 per year, was A rupture in the CCW pipe segment 14" JBD-327 located !
too low to be considered. Herefore, this flood scenario at the South West quadrant of the auxiliary building
was screened out. would discharge water at a rate of 3974 GPM. j

E.3 Flood zone 6 : Auxiliary Propagation

Building Corridor at the 93'
6 > Auxiliary building corridor and adj.acent corridor

Elevat. ion * flood zones (18A through door DR 1 A110,18B through
DR 1 A111, and 19 through DR 1 All2) at the 93'
elevation.

E.3.1 Plant Service Water Pipe Segment ne water would spray equipment in the South West .

quadrant of the auxiliary building then flood all the
Source adjacent corridor flood zones to a depth of approximately

1.7 feet in one hour. In reality, because the CCW is a
A rupture in the Plant Service Water (PSW) pipe segment closed system and the makeup from the surge tank is only
24' JBD-150 located in the South West quadrant of the 550 gallons, the CCW pumps would loose Net Positive
euxiliary building was conservatively estimated to release Suction Head (NPSH) and fail in less than an hour.
water at a rate of 15,000 GPM.

Results
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Source

A review of Appendix B indicated that the flood at the
south wall of the auxiliary building would directly fail the A rupture in the PSW pipe segment 24" JBD-150 located

CCW pumps A, B, and C. He flood would then at the south east quadrant of the auxiliary building was

propagate and fail CRD pumps A and B. conservatively assumed to release water at a rate of
15,000 GPM.

Less of CCW and CRD would constitute an initiating
event. Consequently, this scenario was not screened out Propagation

of the analysis.
6 > Auxiliary building corridor and adjacent corridor

E.3.3 Standby Service Water Pipe Segment flood mnes (18A through door DR l Al10,18B through
DR l All1, and 19 through DR 1 A112) at the 93'
elevation.

Source

A rupture in the Standby Service Water (SSW) pipe
The water would spray equipment in the southeast

segment 20' liBC-79 located at the southwest quadrant
quadrant wall area then flood all the adjacent corridor
ilood mnes to a depth of approximately 6.4 feet.wall of the auxiliary building.

ResultsPropagation

A review of Appendix B indicated that the flood at the
Since SSW loop A was assumed to be out for
maintenance in POS 5, with isolation from the SSW southeast quadrant of the auxiliary budding would

radial well source, the ws:er remaining in the SSW pipe directly fail the PSW SOVs 116,117, the PSW system,
and SSW MOVs 14A and 68A in the position they were.

would drain negligibly into the corridor [E3].
The flood would then propagate to the rest of the
auxiliary building where it would fail SSW MOVs 94B

Results
and 96B, CRD pumps A and B and AOV 1 A, ilPCS

This source was not considered a potential threat to the MOVs I and 1I in their standby state, CCW pumps A,
B, and C, and PSW SOVs 120,121,122 and 123. The

integrity of the reactor core m it was screened out.
loss of CRD, PSW, CCW loop A would constitute an
initiating event. Consequently, this scenario was notE.3.4 Standby Service Water Pipe Segment
screened out of the analysis.

Source

E.3,6 SSW Loop B Pipe
A rupture in the Standby Service Water (SSW) pipe
segment 20" HBC-79 located at the southeast quadrant

Sourcewall of the auxiliary building.

A rupture in the SSW loop B pipe segment 20" liBC-79
Propagation kicated at the North West wall of the auxiliary building

was assumed to release water at a rate of 12,000 GPM.
Smcc SSW f >op A was assumed to be out for
maintenance in POS 5, with isolation from the SSW
radial well source, the w ster remaining in the SSW pipe Propagation

would drain negligibly into the area [E3].
6 > Auxiliary building corridor and adjacent corridor
fkxx! mnes (18A through door DR l Al10,18B through

Rrsults
DR l Al11, and 19 through DR l Al12) at the 93'
elevation.His source was not considered a potential threat to the

integrity of the reactor core so it was screened out.
De flood initiator would spray and fail all equipment at
the northwest quadrant of the auxiliary building thenE.3.5 PSW Pipe Segment
ik>od the adjacent corridor ikxx! mnes to a depth of
approximately 5.1 feet in one hour.
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! |
Results A rupture of the CRD pipe segment 6" HBD-382 located I

at the northwest quadrant of the auxiliary building ,

A review of Appendix B indicated that the flood at the released water at a rate of 240 GPM. )
northwest quadrant of the auxiliary building would I

directly fail the SSW Loop B, CCW MOVs 42 and 54, Propagation i

CRD pumps A and B, IIPCS MOVs 1 and 11 in their
standby positions, and PSW SOVs 120 and 121. The 6 > Auxiliary building corridor and adjacent corridor
flood would then propagate to the rest of the auxiliary flood zones (18A through door DR 1 A110,18B through
building where it would fail PSW SOVs 122 and 123, DR 1 A111, and 19 through DR 1 A112) at the 93'
SSW MOVs 94B and 688, CCW pumps A, B, and C and elevation.
CRD AOV 1 A. Loss of CRD, PSW, CCW, and SSW
leap B would constitute an initiating event. The water would spray equipment in the northwest
Consequently, this scenario was not screened out of the quadrant of the auxiliary building then flood J1 the
analysis. adjacent corridor flood zones to a depth of less than 2

inches in one hour.

E.3.7 CCW Pipe Segment
Results

Source
A review of Appendix B indicated that the flood at the

A rupture of the CCW pipe segment 14" JBD-327 located northwest quadrant of the auxiliary building would

at the North West quadrant of the auxiliary building directly fail CRD, CCW MOVs 42 and 54, HPCS MOVs )
would discharge water at a rate of 3974 GPM. I and i1 in their standby positions, and PSW SOVs 120 ;

and 121. Loss of CRD and PSW would constitute an 1

Propagation initiating event. Consequently, this scenario was not
i

screened out of the analysis.

6 > Auxiliary building corridor and adjacent corridor
flood zones (18A through door DR 1 A110,18B through E.3.9 Standby Service Water Pipe Segment
DR 1 A111, and 19 through DR 1 All2) at the 93'
elevation. Source

The water would spray equipment in the northwest Flood from the Standby Service Water (SSW) pipe
quadrant then flood all the adjacent corridor flood zones segment 20" IIBC-79 due to random pipe system failure
to a depth of approximately 1.7 feet in one hour. In at the North East corner of the auxiliary building. The
reality, because the CCW is a closed system and the flow rate was conservatively usumed to be the system
makeup from the surge tank is only 550 gallons, the flow rate of 12,000 GPM.
CCW pumps muld loose NPSH and fail in less than an
hour. Propagation

Results 6 > Auxiliary building corridor and adjacent corridor
flood zones (18A through door DR 1 A110,18B through

A review of Appendices B and C indicated that the flood DR l Al11, and 19 through DR l Al12) at the 93'
at the northwest quadrant of the auxiliary building would elevation.
directly fail CRD pumps A and B, CCW MOVs 42 and
54, llPCS MOVs I and i1 in their standby positions, and The water would spray equipment in the North East
PSW SOVs 120 and 121. Loss of CCW, PSW, and corner of the auxiliary building then flood the adjacent
CRD would constitute an initiating event. Consequently, corridor flood zones to a depth of approximately 5.1 feet
this scenario was not screened out of the analysis. within one hour.

E.3.8 CRD Pipe Results

Source A review of Appendix B indicated that the flood at the

! North East corner of the auxiliary building would directly
degrade SSW loop B flow, SSW-B Inlet to LPCI-B (SSW
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MOVs 948 and 968) and SSW-Xtie to LPCI (SSW Source
MOVs 14B and 68B) in whatever state they were, HPCS
MOVs 1 and 11 in their standby state, and PSW SOVs PSW pipe segment 36" IIBC-223 at the northwest corner
122 and 123. of the auxiliary building with a flow rate of 15,000 GPM.

The flood would then propagate to the rest of the Propagation
euxiliary building where it would fail CRD pumps A and

,

B, CRD AOV 1 A, CCW pumps A, B, and C, and PSW 6 > Auxiliary building corridor and adjacent corridor'

MOVs 120 and 121. Loss of CRD, PSW, CCW, and flood zones (18A through door DR 1 A110,18B through
SSW Imp B would constitute an initiating event. DR 1 A111, and 19 through DR l Al12) at the 93'
Consequently, this scenario was not screened out of the elevation.
enalysis.

Water would spray equipment in the tiorthwest corner
E.3.10 Plant Service Water Pipe then flood corridor areas and adjacent flood zones to a

depth of approximately 6.4 feet.
Source

Results

Flood from Plant Service Water (PSW) pipe segment 30"
JBD-105 due to pipe failure at the North East corner of A review of Appendix B indicated that the flood at the
the auxiliary building. The flow rate was conservatively northwest corner of the auxiliary building would directly
assumed to be the rystem flow rate of 15,000 GPM. fail the CRD pumps A and B and AOV 1 A , CCW

MOVs 42 and 54, HPCS MOVs I and 11 in their .

Propagation standby states, and PSW SOVs 120 and 121. The flood
would then propagate to the rest of the auxiliary building

6 > Auxiliary building corridor and adjacent corridor where it would fail CCW pumps A, B, and C, PSW
flood zones (18A through door DR l Al10,18B through MOVs 122 and 123, SSW MOVs 948 and 96B in

DR l All1, and 19 through DR l Al12) at the 93' whatever state they were, and CRD AOV 1 A.
elevation.

Loss of CRD, PSW, CCW and SSW loop B would
The water would spray equipment in the North East constitute an initiating event. Consequently, this
corner of the auxiliary budding then flood all corridor scenario was not screened out of the analysis.

areas and adjacent locations to a depth of approximately
6.4 feet. E. 4 Flood zone 12 : IIPCS Pump

Oom
Results

A review of Appendix B indicated that the flood at the E.4.1 HPC Ptunp Suction Line
North East corner of the auxiliary building would directly
degrade PSW flow, SSW-B Inlet to LPCI-B (SSW MOVs Source

14B and 68B) and SSW-Xtie to LPCI (SSW MOVs 94B
and %B)in whatever state they were, HPCS MOVs 1 Random pipe rupture of HPCS pump suction line (24" ,

and 11 in their standby states, and PSW SOVs 122 and HBB-21) from condensate storage tank during system

123. The flood would then propagate to the rest of the fl w test. The resulting flow rate being 7115 GPM.

tuziliary building where it would fail CRD pumps A and
B and AOV 1 A, CCW pumps A, B, and C, and PSW Propagation

SOVs 120 and 121.
12 > 12 with the water tight door DR-1 A104 closed.

Loss of CRD, PSW, CCW, and SSW loop B would
constitute an initiating event. Consequently, this scenario 12 > Auxiliary building corridor and all corridor
was not screened out of the analysis. I cations at the 93' level assuming that in the worst case

all water tight doors were open.

E.3.11 PSW Pipe Segment
High Pressure Core Spray (HPCS) pump room has a
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w:ter tight door with its own sump and sump pump. In fraction of time spent in the POS 5 (3.lE-2),
addition, the room is required by technical specifications

'

to be manually monitored if open. Any leak in the HPCS This frequency, calculated to be 6.0E-10 per year, was
pump room would be identified by a high sump alarm too low to be considered. Therefore, this flood scenario
counded in the control room. If the water tight door was was screened out,

closed at the time of the flood then water would fill the
scom to a depth of 27.5 feet in 24 minutes. Since this E.4.2 Standby HPC Pump Suction Line
pipe rupture event would occur during a flow test, when
various system flow parameters would normally be Source
monitored,24 minutes should be sufficient time to detect
and isolate the flood by closing HPCS MOV 1. Random pipe rupture of Standby HPCS pump suction

from condensate storage tank piping 24' HBB-21 with a
Given that HPCS pump room watertight door DR-1 A104 flow of 22,725 cubic feet of water (Appendix D).
was left open and unattended, a flood occurred, and the
flood was not detected by the sump alarm, then water Propagation
would flow from the HPCS room to tha auxiliary
building corridor and corridor rooms- 12 > 12 with the water tight door DR-1 A104 closed.

Assuming that, in the worst case, the watertight doors on 12 > Auxiliary building corridor and all corridor
the LPCS pump room and the RHR C room were open, h> cations assuming that, in the worst ca3e, all water tight
then water would accumulate to a depth of 3 feet in the doors are open.
zuxiliary building corridor and corridor rooms.

HPCS pump room has a water tight door with its own
Result sump and sump pump. In addition, the room is required

by technical specifications to be manually monitored if
A review of Appendix B indicated that as a result of the open. If the water tight door is closed at the time of the
first scenario only HPCS components would be degraded- flood then water would fill the room to a depth of 27.5
Consequently, the scenario would not cause an initiating feet.
event since the failure of HPCS would not challenge the
integrity of the reactor core. If the HPCS pump room watertight door DR-1 A104 was

left open and unattended, a flood occurred, and the flood
in the second scenario, LPCS components, HPCS pump, was not detected by the sump alarm, then water would
ADHRS pumps 5A and 53, RHR pump C, CCW pumps flow to the auxiliary building corridor and adjacent

<

A, B, and C, and CRD pumps A an B would fail. corridor flood zones.

If the plant was operating on ADHRS at the time of the Assuming that, in the worst case, the watertight doors on |

flood, then the loss of ADHRS would constitute an the LPCl-C pump room and the LPCS rooms were also ;
initiating event. open, then water would accumulate to a depth of |

approximately one foot in the auxiliary building corridor
'Ihe RWCU pumps and heat exchangers, the FPCCU heat and adjacent corridor rooms.

1

exchangers, and the RRS pumps would be degraded due i

to a loss of CCW. Result

Failure of the RRS pumps would constitute an initiating A review of Appendix B indicated that, as a result of the
event as normal reactor leakage would degrade natural first scenario, only HPCS components would be
circulation thus degrading the performance of shutdown degraded. Consequently, the scenario would not cause an
decay heat removal. initiating event since the failure of HPCS would not

challenge the integrity of the reactor core.
The frequency of the worst case scenario was estimated
as the product of the frequency of the pipe system break In the second scenario, ADHRS pumps SA and 5B, RHR
(IE-4 per year), the probability that the water tight doors pump C, CCW pumps A, B, and C, and CRD pumps A

. ere left open (3.6E-3 from appendix D), the fraction of an B would fail. If the plant was operating on ADHRS at
time spent in testing (5.89E-2 Appendix D), and the the time of the flood, then the loss of ADHRS would
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scenario, LPCI MOVs 3B,47B,48B,48,64B,66B,constitute an initiating event.
24B and pump 3B would fail. Since the plant would be

The RWCU pumps and heat exchangers, the FPCCU heat operating on Shutdown Cooling (SDC) loop B at the time

exchangers, and the RRS pumps would be degraded due of the flood, then the loss of SDC B would constitute an

to a loss of CCW. Failure of the RRS pumps would initiating event. Therefore, this flood scenario was not

constitute an initiating event as normal reactor leakage screened out.

would degrade natural circulation and thus degrade the
performance of shutdown decay heat removal. E.5.2 Operating LPCI Pump B Discharge

The frequency of the second case scenario is the product
of the frequency of the pipe system break (IE-4 per Source
year), the probability that the water tight doors are left
open (3.6E-3 Appendix D), and the fraction of time spent Random pipe rupture of standby LPCI pump B discharge
in POS 5 (3.lE-2). piping 18' GBB-74 with a flow of 29412 cuft (Appendix

This frequency, calculated to be 1.lE-8/yr, was too low
to be considered. Since other systems would still be Propagation:
evailable for mitigation, this flood scenario was screened

"I- 14 > 54 > Auxiliary building corridor and all corridor
locations at elevation i19 ft > 16.

E. 5 Flood zone 14 : RIIR Pump B
At the 93' level there are no doors so water wouldand IIent Exchanger Roorn
propagate to the 93' level of location 14, to the Auxihary
building corridor and to all corridor locations at elevation
119' a cumulating t a height less than 4.4 inches.

E.5.1 Operating LPCI Ptunp B Discharge
Piping Water flowing to location 57 could flow down to location

16. Since water flowing down stairs I Al2 and I A10
S""fC" would not readily affect any equipment at the 93'

elevation, it was conservatively assunni that no water
Random pipe rupture of operating LPCI pump B flowed down the stairs.
discharge piping 18' GBB-74 with a flow rate of 4500
GPM. The same argument was used to neglect flow to the

turbine building through door I A201.

14 > 14
A review of Appendix B indicated that, as a result of the

During POS 5, the water level in the reactor can be scenario, LPCI-B would be disabled. Since the plant
raised to the steamlines ( 648*). Given a break in the would not be operating on Shutdown Cooling (SDC) loop
SDC loop B line in location 14, the water level in the B at the time of the flood, the loss of the system would
reactor vessel would fall to level three (544.4 ") at which not constitute an initiating event. Therefore, this flood
time SDC would automatically be isolated by the closing scenario was screened out.
of SDC MOVs 8 and 9. This would result in 22191
gallons of water being discharged in flood zone 14. g g g, g

At the 93' level of flood zone 14 there are no doors so E.6.1 RCIC Pump Suction Pipingwater would accumulate to a depth of about 3.5 feet in
the zone.

Source

Results
Random pipe rupture of RCIC pump suction piping (6"

A review of Appendix B indicated that, as a result of this HBB-49).
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Propagation E. 8 Flood zone 18A : Equipment
Drain Transfer Tank RoomSince RCIC is not operational in POS 5, a rupture of the

pump suction piping would result in negligible water
di:in into location 15. E.8.1 Floor Drain TransferTank P45-A001

Results Source

This source was no'. considered a potential threat to the Rupture of floor drain transfer tank P45-A001 with a
integrity of the reactor core so it was screened out. volume of 5000 gallons.

E.7 Flood zone 16 : RIIR Pump A Propagation

and IIeat Exchanger Room 18A > IBA

E.7.1 Standby LPCI Pump A Discharge Catastrophic failure of the tank would result in the
Piping flooding oflocation 18A to a depth of 2.23 feet. This

would be below the lowest propagation path out of the
flood zone (elevation 103 feet); therefore, the flood

Source would not propagate to other locations.

Random pipe rupture of standby LPCI pump A discharge Results
piping 18* GBB-18 with a discharge of 29412 cubic feet
(Appendix D). A review of Appendix B indicated that, as a result of the

scenario, no critical components would be disabled.
Prupagation Therefore, this scenario was screened out.

16 > 57 > Auxiliary building corridor and all corridor E.9 Flood zone 18B : Floor Drain
locations at elevation 119 ft > 14. Transfer Tank Room
At the 93* level there are no doors so water would

E.9.1 Floor Dra.in Transfer Tank P45-A002propagate to the 93' level of location 16, to the Auxiliary
building corridor, and to all corridor locations at
elevation 119 ft accumulating to a height ofless than 4.4 S0"fC8

inches.
Rupture of floor drain transfer tank P45-A002 with a

Water flowing to location 54 could flow down to location y lume of 5000 gallons.

14. Since water flowing down stairs l Al2 and 1 A10
would not readily affect any equipment at the 93 Propagation

elevation, it was conservatively assumed that no water
flowed down the stairs. 18B > 18B

The same argument was used to neglect flow to the Catastrophic failure of the tank would result in the

turbine building through door I A201. flooding oflocation 18B to a depth of 2.2 feet. This
would be below the lowest propagation path out of the

Results zone (at elevation 103 feet); therefore, the flood would
not propagate to other locations.

A review of Appendix B indicated that, as a result of the
scenario, only LPCI-A would be disabled. Since the Results

plant was not operating on SDC loop A at the time of the
ficod, then the loss of SDC A system would not A review f Appendix B indicated that, as a result of the
constitute an initiating event. Therefore, this flood scenario, no critical components would be disabled.

scenario was screened out. Therefore, this scenario was screened out.
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E.10 Flood zone 19 : Equipment None

Drain Transfer Pump Room Propagauon

E.10.1 Equipment Drain Transfer Pump None
Discharge Pipinge

Results

Source
A review of Appendix B indicated that this flood zone

Random pipe rupture of equipment drain transfer pump contained no essential safety equipment so it was
discharge piping 6" HBD-771 resulting in a flow rate of screened out.

100 GPM.

E.13 Flood zone 45: Auxiliary
Propagation Building Corridor at the 119'
19 > 18A > 18B and corridor rooms via DR-1A112. Elevation

E.13.1 Condensate Piping
In the worst case scenario, water would propagate into
location 6 and corridor rooms via DR-1 A112 and Source
location 18 via DR-1 A110 or DR-1 A111. In these
locations the water would accumulate to a depth of less Random pipe rupture of condensate piping 12* IIBD-30
than one inch. at the southeast quadrant of the auxiliary building.

Results Propagation

A review of Appendix B indicated that, as a result of the None
scenario no important equipment would fail; therefore,

'
this scenario was screened out. The condensate system was not a potential source of

water in POS 5.
E.11 Flood zone 24 : IIcalth Physics

Area
Results:

'"#
This scenario was screened out.

None
E.13.2 Condensate Piping

Propagation
Source

None
Random pipe rupture of condensate piping 12" HBD-30

Results at the South West quadrant of the :uxiliary building.

A review of Appendix B indicated that this flood zone N pagadon
contained no essential safety equipment so it was
screened out. None

E.12 Flood zone 35 : Control BuildinE
* * "d*"*"'"YS*** **" " ' ' "*id*''d * Potend al
source of water m POS 5.

Corridor at 111 Elevation
Results

Source
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his scmario was screened out. less than 15 minutes.

E.13.3 Refuelling Storage Tank Piping In 15 minutes, the total water release is 67,950 gallons.
At the 119' elevation of the auxiliary building, water

Source would accumulate to a depth of less than six inches in all
locations. Water draining to locations 54 and 57 could

Random pipe rupture of refuelling storage tank piping flow down to locations 14 and 16.

12' ilBC-203.
Since water flowing down stairs I Al2 and I A10 would

Propagation not readily affect any equipment at the 93' elevation, it
was conservatively assumed that no water flowed down

None the stairs.

His piping was not a potential source of water in POS 5. ne same argument was usdd to neglect flow to the
turbine building through door I A201.

Results
Results

This scenario was screened out.
A review of Appendices B and C indicated that, as a

E.13.4 Fire Protection System Piping result of the scenario, FWS AOVs 282A and 282B,
LCCs llBD1 and llBDS, and MCCs 11B11 and 11B51

Source would fail directly.

Fire protection system pip'ing 10" JBD-202 at the South The loss of LCC llBD5 results in the loss of CCW

West wall of the auxiliary building with a flow rate of pump A and RWCU pump A. With the loss of CCW

4,530 GPM. pump A, the standby CCW pump automatically starts on
a low pressure signal of less than 100 psig [E2] . The

Propagation loss of RWCU pump A would cause an initiating event,
with makeup operating, so this flood scenario was not
screened out,

45 > 45 > the auxiliary building corridor and rooms at
the 119' elevation > 14 and 16

E.13.5 Fire Protection System Piping
He Fire Water System (FWS) jockey pumps normally
keep the FWS pressurized between 130 psig and 145 Source

psig. A rupture in the FWS piping would expose the
system to atmospheric conditions. Under these Fire protection system piping 10" JBD-202 at the North

conditions, the FWS jockey pump would attemp to West wall of the auxiliary building with a flow rate of

restore system pressure. Thejockey pump would 4,530 GPM.

discharge at a flow rate of 30 GPM. Since this flow
would be insufficient to overcome the effects of the Propagation
rupture, the FWS Motor Driven Pump (MDP) would
start automatically. This would be followed by an 45 > 45 > the auxiliary building corridor and rooms at
automatic start of one of the FWS Diesel Driven Pumps the 119' elevation > 14 and 16

(DDPs) followed by a 15 second delay at which time the

second DDP would start [E2). With the 67,950 gallon release at the 119' elevation of
the auxiliary, water would accumulate to a depth of less

Operators in the control rooms would be aware of the than six inches in all locations. Water draining to
situation since both high sump level alarms and warnings locations 54 and 57 could flow down to h> cations 14 and

would alert them that the FWS pumps were running. In 16.

this situation the flood could be isolated by stopping FWS
pumps and closing appropriate isolation valves. Plant Since water flowing down stairs I Al2 and 1 A10 would

operators indicate this action could be accomplished in be not readily affect any equipment at the 93* elevation,
it was conservatively assumed that no water flowed down
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the stairs. E.13.7 Fire Protection System Piping

%e same argument was used to neglect flow to the Source
turbine building through door I A201.

Fire protection system piping 10" JBD-202 at the north
Results east wall of the auxiliary building with a flow rate of

4,530 GPM.
A review of Appendix B indicated that, as a result of the
scmario, FWS AOVs 283A and 283B, LCCs 14BE1 and Propagation
12BE2, and MCCs 12B21 and 14B11 would fait directly.

45 > 45 > the auxiliary building corridor and rooms at
the 119' elevation > 14 and 16.

Failure of LCC 14BE1 would cause failure of ADHRS
pumps A and B. Failure of LCC 12BE2 would fail With the 67,950 gallon release at the 119' elevation of
RWCU pump B and CCW pump C. If the plant is the auxiliary, water would accumulate to a depth ofless -

operating on .ADHRS at the time of the flood, then the than six inches in all locations. Water draining to
loss of ADHRS would constitute an initiating event. locations 54 and 57 could flow down to locations 14 and
herefore, this flood scenario was not screened out. 16.

E.13.6 Fire Protection System Piping Since water flowing down stairs I Al2 and 1 A10 would
be not readily affect any equipment at the 93' elevation,

Source it was conservatively assumed that no water flowed down
the stairs.

Fire protection system piping 10' JBD-202 at the south
east wall of the auxiliary building with a flow rate of The same argument was used to neglect flow to the

4,530 GPM. turbine building through door I A201.
..

Propagation Results
'

45 > 45 > the auxiliary building corridor and rooms at A review of Appendix B indicated that no important

the 119' elevation > 14 and 16. safety equipment would fail as a result of this scenario.
Wrefore, the scenario was screened out.

With the 67,950 gallon release at the 119' elevation of
the auxiliary, water would accumulate to a depth of less E.14 Flood zone 46 : Division I
than six inches in all locations. Water draining t Switch ear RoomElocations 54 and 57 could flow down to locations 14 and
16.

E.14.1 ESF Roam Cooler T46-B002A
Since water flowing down stairs I Al2 and 1 A10 would Piping
be not readily affect any equipment at the 93' elevation,
it was conservatively assumed that no water flowed down Source
the stairs.

ESP Room Cooler T46-B002A piping 2' HBC-93 with a
The same argument was used to neglect flow to the flow rate of 40 GPM.
turbine building through door I A201.

Propagation
Results

46 > auxiliary building corridor at elevation 119'.
A review of Appendix B indicated that no important Water would spray and fail all equipment in location 46
safety equipment would fail as a result of this scenario. then drain at a negligible rate through door DR 1 A214 to
Therefore, the scenario was screened out, the auxiliary building corridor and corridor rooms at

elevation 119.'
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Results 16BB3 would fail. Failure of MCC 16B11 would fail
LPCI-C injection valve MOV 42C and other LPCI B

A review of Appendix B indicatul that, as a uoit of the train valves as they were, SSW to PSW cross-tie MOV
scenario, MCC 15Bil, LCC 15BA3, and LCC 15BAl 42 as it was, and SSW Inlet valve to Division 11 diesel
would fait directly. Loss of LCC 15BAl would fail generator water cooler as it was. Failure of LCC 16BB3
LPCS jockey pump, LPCS pump suction valve and degrades CCW pump B and fails LPCI B injection MOV
discharge MOVs 1,5 and i1, RilR A room fan cooler 3, 42B and other LPCI B train valves as they were. Failure
ESF switchgear cooler 2A, RWCU MOVs 4,39,33 and of LCC 16 bbl causes the failure of FPCCU pump B.
250, and CCW MOVs 66,67 and 116 in the state they SSW train B valves would also fail as they were. Failure
were. Failure of LCC 15BA3 degrades FPCCU pump of MCC 14B11 would degrade ADHRS room cooling.
A, SDC Ajockey pump, suction valve MOV 6A and With the loss of CCW pump A, the standby CCW pump
others in the state they were. These losses would not automatically starts on a low pressure signal of less than
constitute an initiating event. Therefore, this flood 100 psig [10] . These failures would not lead to an
scenario was screened out, initiating event so this scenario was screened out.

E.15 Flood zone 48 : Valve Room E.17 Flood zone 53 : Division II
Switchgear Room

E.17.1 ESF Room Cooler T46-B001B Pipingg ,,

Propagation g

"*
ESF Room Cooler T46-B001B piping 1.5" IIBC-93 with
* * #*

Results

Propagation
No failures would occur so this scenario was screenedi

"I '
53 > auxiliary building corridor at elevation 119'.

E.16 Flood zone 49 : Division II water would spray and fail all equipment in location 53
Switchgear Room then drain at a negligible rate through door DR 1 A210 to

the auxiliary building corridor at elevation 119'.

E.16.1 ESF Room Cooler T46-B002B Piping
Reruits

Source
A review of Appendix B indicated that, as a result of the

ESF Room Cooler T46-B002B piping 2" HBC-93 with a scenario, only equipment in location 53 would fail.

flow rate of 15 GPM.
MCC 16B31 would fail causing the failure of LPCI-B

1MOVs 6B, 3B,4B,48B,27B, 478,64B, and 66B asPropagation
they were. These losses would not constitute an

49 > auxiliary building corridor at elevation 119'. initiating event. Therefore, this flood scenario was
screened out.

Wcter would spray and fail all equipment in location 49
then drain at a negligible rate through door DR 1 A212 to E.18 Flood zone 54 : RIIR B Piping
the auxiliary building corridor at elevation 119', Room at Elevation 119'

Results E.18.1 SDC Piping

A review of Appendix B indicated that, as a result of the
" ''

scenario, MCCs 16B11 and 14Bil, and LCC 16 dbl and
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SDC piping 18" GBB-31 with a flow rate of 4500 GPM. reactor vessel would further fall to level two (491.4') at
which time RWCU would be isolated automatically by
the closing of RWCU MOVs I and 4. 'llis would result

Propagation in 33,544.5 gallons of water being discharged into the
flood mne.|

! 54 > auxiliary building corridor at elevation i19'.
In the first Scenario, the flood would be contained in

During POS 5, the water level in the reactor can be RWCU pump A room accumulating to a depth of 9.2
raised to the steamlines ( 648"). Given a break in the feet. In the worst case scenario, the water would flow
SDC loop B line in location 54, the water level in the from location 56A through 56C to locations 56B and the
reactor vessel would fall to level three (544.4 *) at which auxiliary building corridor and rooms at the 119'
time SDC would be isolated by the closing of SDC elevation accumulating to a depth of 2.7 inches.
MOVs 8 and 9. This would result in 22191 gallons of
water being discharged in ficxx! mne 54 and the Results
surrounding fkxxl mnes. As a result, water would
accumulate to a depth ofless than 2 inches in the A review of Appendix B indicated that these scenarios
auxiliary building corridor and corridor flood mnes at the would lead to similar results, llowever, the second
i 19' elevation, scenario would be less likely than the first since both

pressure tight doors would not normally be open.
Results Considering only the first scenario, all modes of SDC,

RWCU and RCIC components would be degraded.
A review of Appendix B indicated that SDC MOVs 6B, less of RWCU, with makeup operating or ECCS
278,53B and liPCS MOV 4 would fail as they were, injection, could lead to an over-pressuritation event.
The loss of SDC loop B as a result of the rupture would The loss of all SDC would also be an initiating event,
be an initiating event so this scenario was not screened Consequently, this scenario was not screened out.
out.

E.20 Flood zone 56B : RWCU Pump
E.19 Flood zone 56A : RWCU Pump B Room,

! A Room
E,20.1 RWCU Pump Outlet Pip!ng

E.19.1 RWCU Ptunp Outlet Piping

Source

RWCU pump outlet piping 4" DBZ-2 with a flow rate of
RWCU pump outlet piping 4* DBZ-2 with a flow rate of 180 GPM
180 GPM

Propagation Propagation

|
56A > 56A with the pressure tight doors closed. 56B > 56B with the pressure tight

| doors closed.
| 56A > $6C,56B and the auxiliary building corridor and

rooms at the i19' elevation with RWCU rooms A and B 56B > 56 C,56A and the auxiliary building corridor
| pressure tight doors open (worst case), and rooms at the 119' elevation with RWCU rooms A

and B pressure tight doors open (worst case).
During POS 5, the water level in the reactor can be

raised to the steamlines (648'). Given a break in the During POS 5, the water level in the reactor can be
RWCU loop A line in k> cation 56A, the water level in raised to the steamlines (648'). Given a break in the
the reactor vessel would fall to level three (544.4") at RWCU hx>p B line in location 56 B, the water level in
which time the SDC suction line would isolate by the the reactor vessel would fall to level tluce (544.4*) at
closing of SDC MOVs 8 and 9. The water level in the which time the SDC suction line would be isolated

|
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automatically by the closing of SDC MOVs 8 and 9. zones at the 119' elevation,
he water level in the reactor vessel would further fall to
levtl two (491.4') at which time RWCU would be Results
i:olated automatically by the closing of RWCU MOVs I
and 4. His would result in 33544.5 gallons of water A review of Appendix B indicated that SDC MOV 8
being discharged in the flood zone, would fail open. The loss of all SDC as a result of the

break would be an initiating event and, therefore, was
la the first Scenario, the flood would be contained in not screened out.
RWCU pump B room accumulating to a depth of 9.2
feet. In the worst case scenario, the water would flow E.22 Flood zone 57 : RIIR A Piping
(mm location 56B through 56C to locations 56A and the

Room at Elevation 119'tuxiliary buildmg corndor and rooms at the 119
elevation accumulating to a depth of 2.7 inches.

E.22.1 LPCI Heat Exchanger Piping
Results

Source
A review of Appendix B indicated that these scenarios
would lead to similar results. Ilowever, the second LPCI heat exchanger piping 18" GBB-19 with a flow rate
scenario would be less likely than the first since both of 4500 GPM.
pressure tight doors would not normally open.

Propagation
Considering only the first scenario, all modes of SDC,
RWCU and RCIC components would be degraded. 57 > 16
Loss of RWCU, with makeup operating or ECCS
actuation, could lead to an over-pressurization event. Flood would propagate down to location 16 at the 93*
He loss of all SDC would also be an initiating event. level.
Consequently, this scenario was not screened out.

Results

E.21 Flood zone 56C : Access to
This flood scenario was a subset of the scenario already

RCIC Room covered by LPCI pump A discharge piping (18" GBB-18)
flood in location 16. Therefore, this scenario was

E.21.1 SDC Common Suction Piping screened out.

source E.23 Flood zone 59 : Division I

SDC common suction piping 20' GBB-31 with a flow Switchgear Room
rate of 4500 GPM.

E.23.1 ESF Room Cooler T46-B001 A Piping
Propagation

Source:
56C > auxiliary building corridor at elevation 119'.

ESF Room Cooler T46-B001 A with a flow rate of 15
During POS 5, the water level in the reactor can be GPM

r:ined to the steamlines ( 648'). Given a break in the
SDC common suction line in location 56C, the water Propagation
level in the reactor vessel would fall to level three
(544.4*) at which time SDC would be isolated by the 59 > auxiliary building corridor at elevation 119'.
closing of SDC MOVs 8 and 9. This would result in
22,191 gallons of water being discharged in flood zone Water would spray and fail all equipment in location 59
56C and the surrounding flood zones . As a result, then drain at a negligible rate through door DR 1 A210 to
water would accumulate to a depth of less than 2 inches the auxiliary building corridor at elevation 119'.
in the auxiliary building corridor and corridor flood
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Results Results

A review of Appendix B indicated that, as a result of the No failures would occur so this scenario was screened
scenario, MCC 15B31 would fail. LPCI-A MOVs and out.
SDC common suction line MOV 8 would fail as they
were due to the failure of MCC 15B31. These failures E.27 Flood zone 64 : Emergency IIot
would not constitute an initiating event. Therefore, this Shutdown Rooms
flood scenario was screened out.

SouweE.24 Flood zone 61 : Division II
Battery Room None

Source Propagation

None None

Propagation
Results

None
No failures would occur so this scenario was screened

Results out.

No failures would occur so this scenario was screened E.28 Flood zone 65 : Division II
" ' - Switchgear Room and Corridor

E.25 Flood zone 62 : Division I
| Battery Room E.28.1 Firewater Piping

Source Source

None Firewater piping 10" JBD-253 in corridor OC216 with a
flow rate of 4530 GPM.

Propagation

Propagation

Corridor OC216 > 61,62,63,64,65, and 67

Results: The total volume of water that would be released was
calculated to be 67,950 gallons. Assume that half the

No failures would occur so this scenario was screened water entered the stairwell and elevator shaft while the
! out- rest flowed through DR OC 219 to location 61, through

door DR OC203, through DR OC211 to 62, through
E.26 Mood zone 63 : Division III Battery Room door DR OC209 to 63, through DR O('208 to 64, and

t through door DR OC216 to 66. Water would
Soune accumulate to a depth of 11 inches in these locations.

'

None Results

Npagation A review of Appendix B indicated that, as a result of the
scenario, Division 1,2, and 3 power would be lost. This

Nonej would lead to an initiating event and so the scenario was
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not screened out. door DR ID304 to locations 87, 88, and the corridor
over the 3 inch curb. The water would then propagate to

E.29 Flood zone 66 : Division III the plant yard through door DR ID312 after a 9 inch
depth of water is achiend.Switchgear Room
Results

Source
A review of Appendix B indicated that, as a result of the

none scenario, diesel generators (DGs) 1,2 and 3 would fail.
Since the failure of the DGs would not challenge the

hpagation integrity of the reactor core, this scenario was screened
out of the analysis.

None

E.32 Flood zone 87 : Divi.sion II
R a ults Diesel Generator Room
No failures would occur so this scenario was screened

E.32.1 Standby Diesel Jacket Water Coolerout.
Source

E.30 Flood zone 67 : Division I
Standby Diesel Jacket Water Cooler 10' HBC-87 with a.

SWitchgear Room flow rate of 2400 GPM.

Source Propagation

D0"' 87 > 86,88, and plant yard

Propagetion in one hour, water would flow frcm location 87 through
door DR ID303 to locations 86, 88, and the corridor

None over the 3 inch curb. The water would then propagate to j
the plant yard through door DR ID312 after a 9 inch 1

IRaults depth of water is achieved.

No failures would occur so this scenario was screened Results
out.

A review of Appendix B indicated that, as a result of the
E.31 Flood zone 86 : Division III semario, diesel enerators (DGs) 1,2 and 3 would fail. ]E

Diesel Generator Room Since the failure of the DGs does not challenge the
integrity of the reactor core, this scenario was screened
"' I 'h* *""l 'i''YE.31.1 Standby Diesel Jacket Water Cooler

E.33 Flood zone 88 : Division I Dieselsourc,
Generator Room

Standby Diesel Jacket Water Cooler 10' HDC-86 with a
flow rate of 2400 GPM. E.33.1 Standby Diesel Jacket Water Cooler

Source
Propagation

Standby Diesel Jacket Water Cooler 6* HBC-84 with a
86 > corridor > 87,88, and plant yard. flow rate of 2400 GPM.

In one hour, water would flow from location 86 through Propagation
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88 > 86,87, and plant yard Water would spray equipment in location 92 then
propagates through door DR 1 A315 to the 133' elevation

In one hour, water would flow from location 88 through corridor locations and rooms. Water would accumulate
door DR ID302 to locations 86, 87, and the corridor to a height of 0.06 inches in all locations.
over the 3 inch curb. The water would then propagate to
the plant yard through door DR ID312 after a 9 inch Results
depth of water is achieved.

A review of Appendix B indicated that, as a result of the
Results scenario, MCC 15B41 would fail. Failure of MCC i

15B41 would lead to the failure of LPCS and ESF Room i

A review of Appendix B indicated that, as a result of the Coolers 2 and 3A respectively, and CCW MOVs 105 and
scenario, diesel generators (DGs) 1,2 and 3 would fail. 205 in the state they were.
Since the failure of the DGs would not challenge the
integrity of the reactor core, this scenario was screened Since none of the systems' failures challenge the integrity ]
out of the analysis. of the core, this scenario was screened out.

E.34 Flood zone 90 : HVAC E.36 Flood zone 93 : RPV Vibration
Equipment Room Monitoring Room

E.34.1 PSW To Control Room A/C Piping E.36.1 CCW Containment Outboard
Isolation Valve Piping

Source

Source
PSW to control room A/C piping 6" JBD-162 with a
flow rate of 161 GPM. CCW to containment outboard isolation valve piping 10"

JBD-309 with a flow rate of 1334 GPM.
Propagation

Propagation

93 > 133' elevation corridor locations and rooms.
Floods kx:ation 90 to a height of 2.8 inches.

Water would spray equipment in location 93 then
Results propagate through door DR 1 A314 to the 133' elevation

corridor locations and rooms. Water would accumulate
A review of Appendix B and C indicated that, as a result to a depth of less than 6 inches in these locations.
of the scenario, no critical components would be

j disabled. Therefore, this scenario was screened out- Results
|

E.35 Flood zone 92 : Electrical A review of Appendix B indicated that, as a result of the

Penetration Room scenario, CCW/SSW-XTIE valve MOV 67 would fail
directly.

E.35.1 ESF Room Cooler T46-B005A
Since this failure would not challenge the integrity of the
core, this scenario was screened out.

ESF Room Cooler T46-B005A with a flow rate of 15 E.37 Flood zone 94 : Electrical
GPM Penetration Roomi

Propagation E.37.1 ESF Room Cooler T46-B005AB

92 > 133' elevation corridor locations and rooms- Source
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ESF Room Cooler T46-B005B with a flow rate of 15 Room at Elevation 133'
GPM.

Source
Propagation

94 > 133' elevation corridor locations and rooms.

Water would spray and fail all equipment in location 94
then drain at a negligible rate through door DR 1 A313 t None
the auxiliary building corridor at elevation 139'.

Results
Results

No failures would occur so this scenario was screened
A review of Appendix B indicated that, as a result of the out.
rcenario, MCC 16B21 would fail. Failure of MCC
16B21 would fail CCW/SSW interfacing MOV 54. E.40 Flood zone 99 : Division IISince this failure would not challenge the integrity of the
core, this scenario was screened out. Switchgear Room

E.38 Flood zone 97 : RIIR B Heat E.40.1 ESF Room Cooler T46-B003B
Exchanger

Source

E.38.1 RIIR Piping
ESF Room Cooler T46-B003B with a flow rate of 40
GPM.

"
18" GBB-74 with a flow rate of 4500 GPM.

Propagation

Water would spray and fail all equipment in location 104
97 > auxiliary building corridor at elevation 139'

then drain at a negligible rate through door DR 1 A307 to
"" * " # " "

During POS 5, the water level in the reactor can be

raised to the steamlines ( 648"). Given a break in the Results
SDC loop B line in location 97, the water level in the

reactor vessel would fall to' level three (544.4 *) at which A review of Appendix B indicated that, as a result of the
time SDC would automatically be isolated by the closing scenario, LCC 16BB4 which powers SPMU MOVs IB
of SDC MOVs 8 and 9. This would result in 22191 and 2B would fail. Since these failures would not
gdlons of water being discharged in flood zone 97 and

challenge the integrity of the core, this scenario was
the surrounding flood zones . As a result, water would

screened out.
accumulate to a depth of less than 2 inches in the
tuxiliary building corridor and corridor flood zones at the E.41 Flood zone 100 : Main Steam139 elevation.,

Tunnel
Results

E.41.1 Feedwater Piping
A review of Appendix B indicated that SDC MOVs 120B

! and 47B would fail. The loss of SDC loop B as a result Source
of the break would be an initiating event so this scenario
was not screer.ed out. Feedwater piping 24" DBB-73 .

E.39 Flood zone 98 : RIIR H Piping Propagation
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E.42 Flood zone 101: Auxiliary
None Building Corridor at the 133'
'Ibe condensate flow through the Feedwater system is not Elevation
a potential source of water in POS 5.

E.42.1 PCW Piping
Results

Source
This scenario was screened out.

PCW piping 10" JBD-644 at the southwest quadrant of
E.41.2 RWCU Inlet Piping the auxiliary building with a flow rate of 1232 GPM.

Source Propagation

RWCU inlet piping to RWCU pumps 6* DBA-9 with a 101 > to the 133' elevation corndor locations and
flow of 360 GPM. rooms.

Propagation Water would accumulate in all areas to a height of 5.6
inches. Since water flowing down stairs I A12 and 1 A10

100 > 100 would not readily affect any equipment at lower
elevations, it was conservatively assumed that no water

100 > to the 133' elevation corridor locations ahd flowed down the stairs.
rooms.

The same argument was used to neglect flow to the
During POS 5, the water level in the reactor can be turbine building through door I A301,
raised to the steamlines (648*). Given a break in the
RWCU suction line in location 100, the water level in the Results
reactor vessel would fall to level three (544.4*) at which
time the SDC suction line would automatically be isolated A review of Appendix B indicated that, as a result of the
by the closing of SDC MOVs 8 and 9. The water level scenario CCW MOVs 105 and 205 would fail. These
in the reactor vessel would further fall to level two losses would degrade cooling to FPCCU. loss of
(491.4*) at which time RWCU would be isolated FPCCU would not be an initiating event. Consequently,
tutomatically by the closing of RWCU MOV 1. This this scenario was screened out.
would result in 33544.5 gallons of water being
discharged in the flood zone. E.42.2 Plant Chilled Water (PCW) Pipe

in the first scenario, the flood would be contained in Source
flood zone 100 accumulating to a depth of 3 feet. In the
worst case scenario, the water would flow from location Plant Chilled Water (PCW) pipe leak 8" JBD-648 at the
100 to the auxiliary building corridor and rooms at the southeast quadrant of the auxiliary building with a flow
133' elevation accumulating to a depth of 2.7 inches. rate of 721 GPM.

Results Propagation

A review of Appendix B indicated that the scenarios 101 > to the 133' elevation corridor locations and
would lead to similar result. Considering only the first rooms.
scenario, all modes of SDC and RWCU would be

degraded. Loss of RWCU, with makeup operating or The water would spray all equipment at the south wall
ECCS actuation, could lead to an over-pressurization then propagate to the above locations accumulating to a
event. The loss of all SDC would also be an initiating depth of 3.3 inches. Since water flowing down stairs
event. Consequently, this scenario was not streened 1 Al2 and 1 A10 would not readily affect any equipment

|
out. at the 93' elevation, it was conservatively assumed that
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no water flowed down the stairs. building with a flow rate of 625 GPM. !
!

| ne same argument was used to neglect flow to the Propagation
| turbine building through door I A301. |

101 > to the 133' elevation corridor locations and
Results rooms.

A review of Appendix B indicated that, as a result of the Water would flood all areas to a depth of less than 3
acenario, MCC 1IB12 would fail resulting in the failure inches. Since water flowing down stairs l Al2 and
of RWCU MOVs 35,44, and 46 in the RWCU operating 1 A10 would not readily affect any equipment at lower ;

state. %ese failures would not cause an initiating event. elevations, it was conservatively assumed that no water
Consequently, this scenario was screened out, flowed down the stairs.

!

E.42.3 Suppression Pool Cooling and ne same argument was used to neglect flow to the

Cleanup Piping turbine building through door I A301.

ResultsSource

Suppression Pool Cooling and Cleanup (SPCCU) piping A review of Appendix B indicated that, as a result of the

12* GBD-166 at the North East quadrant of the auxiliary scenario, MCC 14B12 would fail and degrade ADHRS

building with a flow rate of 625 GPM. MOV 424 in its operating state if the plant is on
ADHRS. This failure would not cause an initiating
event; therefore, this scenario was screened out.Propagation

1

101 > to the 133' elevation corridor locations and E.42.5 PSW To Plant Chller Piping '

rooms.
Sourte

ne water would flood all areas to a depth of less than 3
inches. Since water flowing down stairs I Al2 and l A10 PSW to plant chiller piping 12" JBD-153 at the northwest

would not readily affect any equipment at lower quadrant of the auxiliary building with a flow rate of |
'

elevations, it was conservatively assumed that no water
iflowed down the stairs. E.43 Flood zone 102 : RHR A Piping

Room at Elevation 133'
ne same argument was used to neglect flow to the
turbine building through door I A301.

Source

Results:
None

A review of Appendix B indicated that, as a result of the .

Propagation
scenario, MCC 12B51 would fail resulting in the failure
of RWCU MOVs 31,107,255 and 256 in the RWCU

""
operating state. These failures would not cause an
initiating event. Consequently, this scenario was

Results
ccreened out.

E.42.4 Suppression Pool Cooling and ,''""'**"Id '"'"" *''*"*" **** '**"

Cleanup Piping

E.44 Flood zone 103 : RHR A Heat
Source:

Exchanger Room
Suppression Pool Cooling and Cleanup (SPCCU) piping
12" GBD-166 at the northwest quadrant of the auxiliary Source
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Propagation Development

18' GBB-18 . A catastrophic failure of the fuel pool drain tank would
fait equipment in location 138 then propagate through

Propagation door DR 1 A414 to r.uxiliary building corridor and
corridor rooms at elevation 166', In these areas the

None water would accumulate to a depth ofless than 0.76
inches.

RHR A was assumed to be out for maintenance in POS 5
to it was not a potential source of water. Results

R a ults A review of Appendix B indicated that, as a result of the
scenario, no critical components would be disabled.

This scenario was screened out. Therefore, this scenario was screened out.

E.45 Flood zone 104 : Division I E.47 Flood zone 140 : FPCCU Pump
Switchgear Room Room

'
Source E.47.1 Fuel Pool Drain Tank

ESF Room Cooler T46-B003A with a flow rate of 40 Source
GPM.

5000 gallon fuel pool drain tank.

Propagation
104 > 101

140 > auxiliary building corridor and corridor rooms at
Water would spray and fail all equipment in location 104 elevation 166'
then drain at a negligible rate through door DR 1 A306 to
the auxiliary building corridor at elevation 139'. A catastrophic failure of the fuel pool drain tank would

fail equipment in location 140 then propagate through,

i Results door DR 1 A412 to auxiliary building corridor and
; corridor rooms at elevation 166'. In these areas the

A review of Appendix B indicated that, as a result of the water would accumulate to a depth ofless than 0.38
'

scenario, LCC 15BA2 and 15BA4 would fail directly. inches.
The loss of LCC 15BA2 and 15BA4 would degrade
SPMU components and SSW MOVs 64A which supplies Results
cooling to the control room AC unit. Since these failures
would not challenge the integrity of the core, this A review of Appendix B indicated that, as a result of the
scenario was screened out. scenario, the FPCCU pumps A and B would fail. Since

these failures would not challenge the integrity of the
E.46 Flood zone 138 : FPCCU reactor core, this scenario was screened out.

Backwash Receiving Tank Room
E.48 Flood zone 141 : Auxiliary

.

i Building Corridor at Elevation :
Source ggg,

10,000 Gal. Receiving Tank
E.48.1 FPCCU Piping

Propagation
Source

138 > auxiliary building corridor and corridor rooms at
elevation 166 FPCCU piping 14" HBC-208 at the northwest quadrant j

of the auxiliary building at elevation 166' with a

NUREG/CR-6143 E-24 Vol. 4
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Propagation Development

flow rate of 1100 GPM. assumed that no water flowed down the stairs. He same
argument was used to neglect flow to the turbine building

Propagation through door 1 A401.

l
141 > auxiliary building corridor and corridor rooms at Results j

| elevation 166'. '

A review of Appendix B indicated that, as a result of the
The water would spray equipment in the break location scenario, MCCs 11B13,15B21, and 16B41, FPCCU '

then flow to auxiliary building corridor and corridor pumps A and B would fail. IAS Booster compressors
rooms at elevation 166'. and MOVs 17A,17B,513A,513B,518A, and 518B
liere the water would accumulate to a depth of about 5 would also fail. He loss of MCC 16B41 would result in
inches. Since water flowing down stairs I A12 and the failure SPMU MOVs IB and 2B in their standby
I A10 would not readily affect any equipment at lower state. De loss of MCC 15B21 would result in the loss
elevations, it was conservatively assumed that no water of SPMU MOV 2A and CIV MOVs 36 and 37. The loss
flowed down the stairs. He same argument was used to ofIAS Booster compressors and MOVs 17A and 17B
neglect flow to the turbine building through door 1 A401. would degrade the ability of ADS relief valves to

perform. The loss of MCC 11B13 would fail RWCU
MOVs 254 and 255 in the RWCU operating state.

Results Since these failures would not challenge the integrity of
the core, this scenario was screened out.

A review of Appendix B indicated that, as a result of the
scenario, LCC 12BES, MCC 16B41, and ESF E.50 Flood zone 143 : Water
Switchgear room cooler T46-B001B would fail. The loss liSamP nR Roomof MCC 16B41 would result in the failure of SPMU
MOVs 1B and 2B in their standby state. Loss of MCC
12BES would fail RWCU MOVs 31,107,255, and 256 E.50.1 FPCCU Pump Outlet
in RWCU operating state. These failures would not
cause an initiating event. Consequently, this scenario Source
was screened out.

FPCCU pump outlet to fuel pool heat exchanger piping
E.49 Flood zone 142 : CRD Repair 8" HBC-19 with a flow rate of 1100 GPM.

Room
Propagation

E.49.1 Cask Storage Pool Drain Valve 143 > auxiliary building corriaar and corridor rooms
at elevation 166*.

Source

Water would spray and fail equipment in location 143
Fuel pool Cask Storage Pool Drain Valve G-41-F033 then propagate through door DR 1 A410 to the auxiliary
with a flow rate of 2500 GPM. building corridor and corridor rooms at elevation 166'. )

In these locations water would accumulate to a depth of
Propagation 5.1 inches in one hour. Since water flowing down stairs

I Al2 and 1 A10 would not readily affect any equipment |
142 > auxiliary building corridor and corridor rooms at at lower elevations, it was conservatively assumed that no |

elevation 166'. water flowed down the stairs. He same argument was
used to neglect flow to the turbine building through door

Water would spray and fail equipment in location 142 1A401
then propagate through door DR 1 A411 to the auxiliary
building corridor and corridor rooms at elevation 166*. Results
la these locations water would accumulate to a depth of
11.6 inches in one hour. Since water flowing down A review of Appendix B indicated that, as a result of the
stairs 1 Al2 and I A10 would not readily affmt any scenario, no critical components would be disabled.
equipment at lower elevations, it was conservatively Therefore, this scenario was screened out.
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>

E.51 Mood zone 144 : FPCCU Results: |
Backwash Transfer Pump Room A review of Appendix B indicated that, as a result of the

'

scenario, MCC 15B21 and T46-B004A would fail
Idirectly. Failure of MCC 15B21 disables CIV MOVs 36

E.51.1 PPCCU Pump Outlet and 37. Since these failures would not challenge the j
integrity of the core, this scenario was mereened out.

;

' E.53 Flood zone 150 : Access to Roof
FPCCU pump outlet to fuel pool heat exchanger p. .ipmg

of Ma.m Steam Tunnel8' HBC-19 with a flow rate 1100 GPM. ;

Propagation Source

E

144 > auxiliary building corridor and corridor rooms at None

elevation 166'.
Propagation |

Water would spray and fail equipment in location 144 i
,

then propagate through door DR 1 A415 to the auxiliary None ;

j building corridc,r and corridor rooms at elevation 166'.
'

la these locations water would accumulate to a depth of Results'

,

i5.1 inches in one hour. Since water flowing down stairs
,

1 A12 and I A10 would not readily affect any equipment No failures would occur so this scenario was screened'

i at lower elevations, it was conservatively assumed that no out.
I water flowed down the stairs. The same argument was

used to neglect flow to the turbine building through door E.54 Mood zone 152 : Blowout Shaft
^403- and Roof of Main Steam Tunnel

Results go,,c, ,

A review of Appendix B indicated that, as a result of the
,*

scenario, no critical components would be disablal. *

*nerefore, this scenario was screened out. g ,,

E.52 Flood zone 148 : Electrical gon,
Penetration Room

Results

E.52.1 ESF Room Cooler
No failures would occur so this scenario was screened ;

Source out.

ESF Room Cooler - T46-B004A with a flow rate of 15 E.55 Flood zone 154 : CMTM Cooling
GPM Vent Supply Fan Room
M aga b go,,,,P

'148 > 141 None

Water would spray and fail all equipment in location 148 Prvpagation i
then drain at a negligible rate through door DR I A406 to
the auxiliary building corridor at elevation 166*. None
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Propagation Development

Results

No failures would occur so this scenario was screened
at- Source

E.56 Flood zone 155 : CMTM Fuel pool piping 8" HBZ-1 with a flow rate of 1100

Exhaust Filter Vent Room GPM.

Propagationg

195 > auxiliary building corridor and corridor rooms atNom
elevation 185'.

E*I* "" The flood would fill location 195 in 23.6 minutes. In
the remaining 35.4 minutes water would propagate

None
through DR 1 A511 to auxiliary building corridor and
c rrid r r oms at elevati n 185' accumulating to a depth

Results
of less than 0.25 feet. Since water flowing down stairs
1 Al2 and 1 A10 would not readily affect any equipment

No failures would occur so this scenario was screened
at lower elevations, it was conservatively assumed that no

"**
water flowed down the stairs.

E.57 Flood zone 157 : Electrical Results
Penetration Room

A review of Appendix B indicated that, as a result of the

E.57.1 ESF Room Cooler T46-B004B scenario, no critical components would be disabled.
Therefore, this scenario was screened out.

Source
E.59 Flood zone 196 : FPCCU Tank

ESF Room Cooler T46-B004B with a flow rate of 15 Room
GPM

E.59.1 Fuel Pool Drain Tank Pipe
Propagatw.n

b""'''
157 > 141

Piping to fuel pool drain tank 10" HBC-13 with a flow
Wcter would spray and fait all equipment in location 157 ' ' * " '
then drain at a negligible rate through door DR 1 A403 to
the auxiliary building corridor at elevation 166*.

Results
196 > auxiliary building corridor and corridor rooms at
elevati n 185'.

A review of Appendix B and C indicated that, as a result
of the scenario, MCC 16B41 and T46-B004B would fail

The flood would fill location 196 in 12.4 minutes. In
directly. Failure of MCC 16B41 disables SSW MOV

the remaining 47.6 minutes water would propagate81B,64B, PSW crosstie to SSW MOV 67B, SPMU
through DR 1 A510 to auxiliary buildmg corndor and

MOVs IB and 2B. Since these failures did not
e rndor rooms s'. elevation 185' accumulating to a heigh'

ch:.llenge the integrity of the core, this scenario was
fless than 0.33 feet. Since water flowing down stairs

,

d out.
I A12 and 1 A10 would not readily affect any equipment
at lower elevations, it was conservatively assumed that no

E.58 Flood zone 195 : FPCCU Filter w,,er flowed down the stairs.

Demin Room
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Results Results

A review of Appendix B indicated that, as a result of the No failures would occur so this scenario was screened
ccenario, no critical components would be disabled. out.
Therefore, this scenario was screened out.

E.62 Flood zone 202 : North and
E.60 Flood zone 199 : Northwest Southeast Quadrant of the

Quadrant of the Auxiliary Auxiliary Building Corridor at
Building Corridor at Elevation Elevation 185'
185-

Source
E.60.1 FPCCU Piping

None

Source
Propagation

FPCCU piping 14" HBC-208 with a flow rate of 2200
GPM None

Propagation Results

199 > auxiliary building corridor and corridor rooms at No failures would occur so this scenario was screened
elevation 185', out.

Water would flow from k) cation 199 to auxiliary building E.63 Flood zone 219 : Upper Cable
corridor and corridor rooms at elevation 185 Room
cccumulating to a depth ofless than 10 inches. since
water flowing down stairs I Al2 and I A10 would not g
readily affect any equipment at lower elevations, it was
conservatively assumed that no water flowed down the

Nmstairs.

Propagation
.

l Results
| None

| A review of Appendix B indicated that, as a result of the
Results

| scenario, no critical components would be disabled.

| Therefore, this scenario was screened out.
No fh woWd - m Sis ho wu ed

" ' '
E.61 Flood zone 200 : Southwest

Quadrant of the Auxiliary E.64 Flood zone 220 : Instrument
Building Corridor at Elevation Motor Generator Room
185'

Source
Source

None
None

| Propagation
Propagation

None
None
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| Propagation Development |
| Results Source '

- No failures would occur so this scenario was screened None
out.

Propagation

E.65 Mood zone 221 : Control
NwI Cabinet Area

1

Results:
Source

No failures would occur so this scenario was screened
None out.

Propagation
E.68 Flood zone 225 : North and

None Southeast Quadrant of the ,

Auxiliary Building Corridor at
""""'

Elevation 208'
No failures would occur r,o this scenario was screened
out. S""fC'

NoneE.66 Mood zone 222 : Control
Building Corridor at Elevation Propagation

189'
None

E.66.1 Firewater Piping
Results

""*
No failures would occur so this scenario wa screened

Firewater piping 6" JBD49 with a flow rate of'4530 "'

Flood zone SSW A : SSW A Pump Room

Propagation .
Source

222 > 221 >220 > 219
SSW pump A discharge line with a small flow rate with

Water would enter the stairwell and elevator shaft, the system out of operation.

location 220 through door DR OC712, 221 through DR Mp tion
OC708, and 219 through OC709 and accumulate to a
depth of less six inches.

SSW A > Plant yard
4

Results
Results

This scenario would not affect any important safety
equipment so it was screened out. A review of Appendix B and C indicated that, as a result

of the scenario, SSW-A, MCC 15B51 and LCC 15BA5
would fail directly. The loss of SSW loop A would not

E.67 Flood zone 224 : North and constitute an initiating event since it was assumed that

Southwest Quadrant of the SSW loop A would be out for maintenance during POS 5
'

Auxiliary Building Corridor at [3]. Therefore, this flood scenario was screened out.

Elevation 208'
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E.70 Mood zone SSW B : SSW B FWS pump B discharge line 10 JBD" 181 with a flow
rate of 4530 GPM

Pump Room
*

E.70.1 SSW Pump B Discharge Line
FWS B > Plant yard

Source
Results

SSW pump B discharge line with a flow rate of 12,000
GPM A review of Appendix B indicated that, as a result of the

scenario, FWS train B components would fait directly.
Propagation Since these failure would not challenge the integrity of

the core, this scenario was screened out.
SSW B > Plant yard

E.73 Flood zone TB-93-1 : Turbine -

"''"''' Building at Elevation 93'
A review of Appendix B indicated that, as a result of the
scenario, SSW loop B, MCC 16B51 and LCC 16BB5 E.73.1 TBCW Piping
would fait directly. This loss of SSW k>op B constitutes
an initiating event. Therefore, this flood scenario was Source

not screened out.
TBCW piping 18" JBD-583 with a flow rate of 18,888

E.71 Flood zone FWS A: Fire Water GPM.

Pumphouse A p,,,,,,t;o,

E.71.1 FWS Pump B Discharge Line TB-93-1 > TB-93

Source Because the TBCW is a closed system and the makeup
from the surge tank is only 550 gallons, it was assumed

FWS pump B discharge line 10 JBD" 181 with a flow that the break in the TBCW system would cause the
rate of 4530 GPM TBCW pumps to loose NPSH and fail within ten

minutes. In this time water would accumulate to a
Propagation depth of about 5.5 inches in the turbine building.

FWS A > Plant yard At the 93' elevation, there is a submarine type watertight
door between the auxiliary and the turbine building which

Results would prevent turbine building water from entering the
auxiliary building. Water entering the control building

A review of Appendix B indicated that, as a result of the would enter the hot machine shop and the health physics
scenario, FWS train A components would fail directly, area where no safety equipment would be degraded.
Since these failure would not challenge the integrity of
the core, this scenario was screemxl out. Results

E.72 Flood zone FWS B: Fire Water The flood would fail Condensate booster pumps A, B.
and C. 'Ihe loss of Condensate booster pumps would notPumphouse B
fail condensate. The loss of TBCW would cause an
initiating event. Therefore, this scenario was not

E.72.1 FWS Pump B Discharge Line screened out.

Source E.74 Flood zone TB-93-2 : Turbine

NUREG/CR-6143 E-30 Vol. 4

.

..

.

-



Propagation Development

Building at the 93' Elevation TBCW pumps to loose NPSH and fail within ten
minutes. In this time water would accumulate to a i

E.74.1 TBCW Piping depth of about 5.5 inches in the turbine building. At the
93' elevation, there is a submarine type watertight door

,

between the auxiliary and the turbine building which !
would prevent turbine building water from entering the )
aux ary dmg. Water entering 6e cetml Whg

'

Turbine Building Cooling Water (TBCW) piping 24
w uld enter the hot machine shop and the health physicsJBD-429 with a flow rate of 18,888 GPM
area where no safety equipment would be degraded.

Propagation
Results

TB-93-2 > 24 and 35
A review of Appendix B irdicated that, as a result of the |

* sys em wm a ss omCW
Because the TBCW is a closed system and the makeup

'

wmld challenge the integrity of the reactor core,
.

from the surge tank is only 550 gallons, it was assumed
eref re, this scenario was not screened out.

that the break in the TBCW system would cause the
TBCW pumps to loose NPSH and fail within ten
minutes. In this time water would accumulate to a E.76 Flood zone TB-93-4 : Turb.ine
depth of about 5.5 inches in the turbine building. At the Building at the 93' Elevation
93' elevation, there is a submarine type watertight door
between the auxiliary and the turbine building which E.76.1 Plant Service Water Piping |would prevent turbine building water from entering the
cuxiliary building. Water entering the control building Source
would enter the hot machine shop and the health physics !

trea where no safety equipment would be degraded. Plant service water piping 24" JBD-77 with a flow rate
of 15,000 GPM.

*
A review of Appendix B indicated that, as a result of the
scenario, the TBCW system would fail. Imss of TBCW TB-93-4 > 24 and 35
would challenge the integrity of the reactor core.
Therefore, this scenario was not screened out. The water would accumulate to a depth of about 2.2 feet

in the turbine building. At the 93' elevation, there is a
E.75 Flood zone TB-93-3 : Turbine submarine type watertight door between the auxiliary and ;

Building at the 93' Elevation the turbine building which would prevent turbine building j

water from entering the auxiliary building. Water i

entering the cmtml building would enter the hot machineE.75.1 Turbine Building Cooling Water
shop and the health physics area where no safety '

Piping equipment would be degraded.

80"fC' Results

Turbine Building Cooling Water (TBCW) piping 24* A review of Appendix B indicated that, as a result of the
JBD-442 with a flow rate of 18,888 GPM scenario, PSW, TBCW pumps, and Condensate pumps

would fail. The loss of PSW would cause an initiating
Propagation event. Herefore, this scenario was not screened out.

TB-93-3 > 24 and 35 E.76.2 Turbine Building Cooling Water
. PipingBecause the TBCW is a closed system and the makeup

| from the surge tank is only 550 gallons, it was assunn!
Surcethat the break in the TBCW system would cause the
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Turbine Building Cooling Water (TBCW) piping 10" A review of Appendix B indicated that, as a result of the
JBD-489 with a flow rate of 18,888 GPM scenario, PSW, TBCW pumps, and Condensate pumps

would fail. The loss of PSW would cause an initiating
Propagation event. Therefore, this scenario was not screened out.

TB-93-4 > 24 and 35 E.77.2 Turbine Building Cooling Water

Because the TBCW is a closed system and the makeup
from the surge tank is only 550 gallons, it was assumed Source
that the break in the TBCW system would cause the
TBCW pumps to loose NPSH and fail within ten Turbine Building Cooling Water (TBCW) piping 10"
minutes. In this time water would accumulate to a JBD-489 with a flow rate of 18,888 GPM
depth of about 5.5 inches in the turbine building. At the
93' elevation, there is a submarine type watestight door
between the auxiliary and the turbine building which Propagation
would prevent turbine building water from entering the
auxiliary building. Water entering the control building TB-934 > 24 and 35
would enter the hot machine shop and the health physics
area where no safety equipment would be degraded.

Because the TBCW is a closed system and the makeup
from the surge tank is only 550 gallons, it was assumed

Results
that the break in the TBCW system would cause the
TBCW pumps to loose NPSH and fail within ten

A review of Appendix B indicated that, as a result of the
minutes. In this time water would accumulate to a

scenario, the TBCW system would fail. Loss of TBCW depth of about 5.5 inches in the turbine building. At the
would challenge the integrity of the reactor core.

93' elevation, there is a submarine type watertight door
Therefore, this scenario was not screened out.

between the auxiliary and the turbine building which
would prevent turbine building water from entering theE.77 Flood zone TB-93-5 : Turb,ine auxiliary building. Water entering the control building

Building at the 93' Elevation would enter the hot machine shop and the health physics
area where no safety equipment would be degraded.

E.77.1 Plant Service Water Piping
Results:

Source
A review of Appendix B indicated that, as a result of the

Plant service water piping 24" JBD-77 with a flow rate scenari , the TBCW system would fail. Loss of TBCW

of 15,000 GPM w uld challenge the integrity of the reactor core.
Therefore, this scenario was not screened out.

ProPanati""
E.78 Flood zone TB-93-6 : Turbine

TB-93-5 > 24 and 35 Building at the 93' Elevation

The water would accumulate to a depth of about 2.2 feet E.78.1 Plant Service Water Piping
in the turbine building. At the 93' elevation, there is a
submarine type watertight door between the auxiliary and Source
the turbine building which would prevent turbine building
w ter from entering the auxiliary building. Water

Plant service water piping 24' JBD-77 with a flow rate
entering the control building would enter the hot machine of 15,000 GPM
shop and the health physics area where no safety
equipment would be degraded.

Propagation

Results
TB-93-6 > 24 and 35
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ne water would accumulate to a depth of about 2.2 feet was not screened out,
in the tu1bine building. At the 93* elevation, there is a
submarine type watertight door between the auxiliary and E.79 Flood zones TB-113-1 : Turbine
the turbine building which would prevent turbine building
water from emermg the auxiliary building. Water Building at Elevation 113'
entering the control building would enter the hot machine
shop and the health physics area where no safety E.79.1 Feedwater Piping
equipment would be degraded.

Source
,

|

Results Feedwater piping 14' FBD-1. !

A review of Appendix B indicated that, as a result of the Propagation
scenario, the TBCW pumps A, B, and C and condensate
pumps would fail. loss of TBCW and PSW would None
ciclienge the integrity of the reactor core. Therefore, '

thia scenario was not screened out. The condensate flow through the Feedwater system is not
a potential source of water in POS 5.

E.78.2 Turbine Building Cooling Water
ResultsPiping

Source No failures would occur so this scenario was screened
out.

i

Turbine Building Cooling Water (TBCW) piping 10" |
JBD-489 with a flow rate of 18,888 GPM E.79.2 Firewater Piping '

Propagation Source

TB-93-6 > 24 and 35 Firewater piping 10' JBD-223 with a flow rate of 4530
GPM.

Because the TBCW is a closed system and the makeup
from the surge tank is only 550 gallons, it was assumed
that the break in the TBCW system would cause the hopagation : TB-ll3-1 > TB-ll3
TBCW pumps to loose NPSil and fail within ten
minutes. In this time water would accumulate to a The water would accumulate to a depth of about less than

depth of about 5.5 inches in the turbine building. two inch in the turbine building at the 113 feet elevation.

At the 93' elevation, there is a submarine type watertight Results

door between the auxiliary and the turbine building which
would prevent turbine building water from entering the The flood would fail MCCs 12B41 and LCC 12BE4

cuxiliary building. directly. Rese failures would not lead to an initiating
event. Therefore, this scenario was screened out.

Wcter entering the control building would enter the hot
machine shop and the health physics area where no safety E.80 Flood zones TB-113-2 : Turbine
equipment would be degraded. Buj| ding at elevation 113'

" " "It' E.80.1 Feedwater Piping
A review of Appendix B indicated that, as a result of the

'sceaario, the TBCW pumps A, B, and C and condensate
pumps would fail. Loss of TBCW would challenge the

F N" DBD-21.mtegnty of the reactor core. Herefore, this scenario
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Propagation The flood would fail MCCs 13B21,14B13, and 12B12
and LCC 13BD2 directly. He presence of a wall

None between the source and BOP Busses 12HE and 14AE
would prevent their failure. The loss of MCCs 13B21,

Condensate flow through the Feedwater system is not a 14B13, and 12B12 and LCC 13BD2 would not cause an

potential source of water in POS 5. initiating event. Therefore, this scenario was acreened
out.

Results ,

E.83 Flood zone TB-113-5 : Turbine
No failures would occur so this scenario was screened Building at Elevation 113'
out.

E.83.1 Firewater PipingE.81 Flood zone TB-113-3 : Turbine
Building at elevation 113' Source _

E.81.1 Feedwater Piping Firewater piping 10" JBD-223 with a flow rate of 4530
GPM.

Source
Propagation

Feedwater piping 24' DBD-21.
TB-ll3-5 > TB-113

Propagation
ne water would accumulate to a depth of about less than

None two inches in the turbine building at the 113 feet<

elevation.
He condensate flow through the Feedwater system is not
a potential source of water in POS 5. Results

Results ne fbod would fail MCC 11B21 and LCCs 12 bel,
and iIBD2. The loss of LCC 12 bel caused failure of

No failures would occur so this scenario was screened Condensate pump suction MOVs 16B and 16C and

out. discharge MOVs 24B and 24C. Rese failures would not
challenge the integrity of the reactor core and so this

E.82 Flood zone TB-113-4 : Turbine scenario was semened out.

Building at Elevation 113' E.84 Flood zones TB-113-6 : Turb.ine
E.82.1 Firewater Piping Building at Elevation 113'

Source E.84.1 Firewater Piping

Firewater piping 10' JBD-223 with a flow rate of 4530 Source
GPM.

Firewster piping 10" JBD-223 with a flow rate of 4530
Propagation GPM.

TB-ll3-4 > TB-ll3 Propagation

ne water would accumulate to a depth ofless than two TB-1134 > TB-113
inches in the turtiine building at the 113 feet elevation.

The water would accumulate to less than two inches
*

Results depth in the turbine building at the 113 feet elevation.
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i
Propagation

Results
None

h flood would fail MCCs 14B22 and 12B11, and
- LCCa 12BE6,14BE2, and 13BDt. h loss of MCC h condensate flow through the Feedwater system is not
12Bil c==rt failure of C#" pump suction MOVs a potential source of water in POS 5.

' 16B and 16C and discharge MOVs 24B and 24C. hae
failures would not challenge the integrity of the reactor Results
core so this sceaano was screened out.

This scenario was screened out.

E.85 Mood zones TB-133-1 : Turbine
E.88 Flood zones TB-133-4 : TurbineBuilding at Elevation 133' ,

Building at Elevation 133
Source

E.88.1 PSW Piping
None

Source
Propagation

PSW piping 8* JBD-136 with a flow rate of 500 GPM.
,

Propagation
Results

TB-133-4 > TB-133 j
A review of Appendix B indicated that this flood zone
contamed no essential equipment so it was screened out. The water would accumulate to a depth of about less than

one inch in the turbine building at the 133 feet elevation.

E.86 Flood zones TB-133-2 : Turbine
Results -Building at Elevation 133'
4.16 Kv BUS 13 AD and 6.9 Kv Bus 11 HD would fait
directly as a result of this flood. The loss of 4.16 Kv
BUS 13 AD would lead to the loss of Condensate pump

"* A and TBCW pump A. RRS pump A, and SAS
compressor C001 A-N. PSW would also be lost as a l

Pagadon result of the rupture. Loss of PSW is an initiating event:
therefore, this scenario was not screened out.

Ne

E.89 Flood zones TB-133-5 : TurbineResults
Building at Elevation 133' |

A review of Appendix B indicated that this flood zone
contained no essential safety equipment so it was Source
ctreened out.

None i

E.87 Flood zones TB-133-3 : Turbine
: Building at Elevation 133 Propagation

"*

.
E.87.1 Feedwater Piping

Rsults
Sourte*

# " *
Feedwater piping 24" DBD-14.
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Propagition Dev21opment

t

contained no essential safety equipment so it was contained no essential safety equipment so it was
acreened out. screened out. '

E.90 Fiood zone TB-133-6 : Turbine E.93 Flood zone TB-166-3 : Turbine
Building at Elevation 133' Building at Elevation 166'

Source
Source

None
None

Propagation '

Propagation

None
None

Results
Results

A review of Appendix B indicated that this flood mne
A review of Appendix B indicated that this flood wne contained no essential safety equipment so it was
contained no essential safety equipment so it was screened out,
screened out.

E.94 Flood zone TB-166-4 : Turbine
E.91 Flood zone TB-166-1 : Turbine Building at Elevation 166'

Building at Elevation 166'
Source

Source

None
None

Propagation
Propagation

None
| None
l R a dts"

Results

A review of Appendix B indicated that this flood zone
i A review of Appendix B indicated that this flood zone contained no essential safety equipment so it was
| contained no important flood sources or essential safety screened out.

equipment so it was screened out.

E.95 Flood zones TB-166-5 : Turbine
E.92 Flood zones TB-166-2 : Turbine Building at Elevation 166'

| Building at Elevation 166'
l Source

Source

None
None

Propagation >

Propagation

None
None -

P.esults
Results

A review of Appendix B indicated that this flood zone
| A review of Appendix B indicated that this flood zone contained no essential safety equipment so it was ;
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Propagation Development

acreened out. Propagation

E.96 Flood zone TB-166-6 : Turbine Nee

Building at Elevation 166' The largest source in the Circulating Water Pump House
would be a rupture in the circulating water system.

S""'C' However, the circulating water system is drained during
POS 5 so this was not considered a potential flooding !

None source.

Propagation Results

None This scenario was screened out. ,

"'*"I'8 E.99 Flood zone WTB-133 : Water |
A review of Appendix B indicated that this flood zone Treatment Building

'

contained no essential safety equipment so it was
screened out. E.99.1 TBCW Supply

E.97 Flood zone RWB : RadwaSte source

Building
4* JBD-466 TBCW supply to Service Air System (SAS)
and IAS compressors with a flow rate of 280 GPM.

Propagation

WTB-133 > WTB-133
There are numerous waste, surge, flood, drain, and
distillate sample tanks in the radwaste building. Because the TBCW is a closed system and the makeup

from the surge tank is only 550 gallons, it was assumed
'!Propagation that the break in the TBCW system would cause the

TBCW pumps to loose NPSH and fail within ten
RWB > TB minutes. Water would, therefore, flow in zone WT-133

" " '
A catastrophic tank rupture in the radwaste building
could possibly drain water into the turbine building. Results
However, the volume of water propagated to the turbine
building would not be more significant than floods A review of Appendix B indicated that, as a result of the
already considered in the turbine building. scenario, TBCW SAS compressors COO 1B-N and

COOL A-N, IAS compressors C001-N and COOlB, and
Results IAS AOVs 500 and 504 would fail directly due to a loss

of cooling. The loss of all TBCW, IAS and SAS |

A review of Appendix B indicated that, as a result of the compressors would result in an initiating event.
scenario, no critical components would he disabled. Therefore, this scenario was not screened out.
Therefore, this scenario was screened out.

E.98 Flood zone CWP : Circulating !
Water Pump House

Source

None
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Propagation Development

Table E.1. Frequencies of Potential Hood Events

Hood Zone Scenario / Pipe Valves Pumps Ileat Mean Rupture
Source Length Operated / Exchangers Event

(ft) Manual / Tanks Frequency
(per year)

3 24 GBB42 113 2/1 1 0 2.4E-5

12 HBC-519 188 0/7 2 2 5.7E-5
12 HBC-522 118 0/4 0 0 1.6E-5

6 24 JBD-150 (SW) 197 3/0 0 0 1.4 E-5

24 JBD-150 (SE) 122 2/0 0 0 9.3E-6

20 HBC-79B (NW) 127 0 0 0 2.3 E-6

20 HBC-79B (NE) 184 4/0 0 0 1.6E-5

30 JBD-105 (NE) 127 2/0 0 0 9.3 E-6

36 HBC-223 (NW) 329 2/1 0 0 1.7E-5

14 JBD-327 (SW) 155 3/9 3 1 8.1E-5

14 JBD-327 (NW) 54 4/0 0 2 2.2E-5

6' HBD-382 (NW) 241 15/2 2 0 8.6 E-5

14 18 GBB-74 113 5/3 1 2 4.8E-5

45 10 JBD-202 (NW) 117 1/1 0 0 9.2E-6

10 JBD-202 (SW) 164 0/1 0 0 6.5E-6

54 SDC B 113 3/0 0 2 2.0E-5

(18 GBB-31)

56A 4 DBZ-1 30 1/3 1 0 2.6E-5

56B 4 DBZ-1 30 1/3 1 0 2.6E-5

56C SDC 113 1/0 0 0 5.6E-6

(20 GBB-31)

65 10 JBD-253 20 1 0 0 3.9E-6

97 SDC B 113 2/0 0 0 9.1 E-6

( l8 GBB-74)

100 6' DBA-9 20 2 0 0 7.4E-6

SSW B 24 HBC-79 35 2/0 1 0 1.9E-5

TB-93-1 18 JBD-583 149 0/2 0 0 9. 8 E-6

TB-93-2 24 JBD-429 194 0 0 0 3.6E-6

TB-93-3 24 JBD-442 82 0 0 0 1.5E-6

TB-934 24 JBD-77 112 0 0 0 2. l E-6

10 JBD-489 224 0 0 0 4.1 E-6

TB-93-5 24 JBD-77 112 0 0 0 2. l E-6

10 JBD-489 224 0 0 0 4.1 E-6

TB-93-6 24 JBD-77 152 0/1 0 0 6.3 E-6

10 JBD-489 890 3/9 3 3 1.0E-4

TB-133-4 8 3BD-136 112 0 0 0 2.1 E-6

WTB-133 4 JBD-466 140 1/2 0 0 1.3 E-5
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Appendix F - Discussion of Finalized Flood Scenarios |

F.1 Introduction (ADHRS) piping system would fail LPCI-C and ADHRS
components if ADHRS was operating at the time of the

This appendix discusses the formulation of the initiating rupture, then its loss would cause an initiating event.

events associated with fluid boundary ruptures. Most of This pipe break and flood is equivalent to the E2D '

the events considered in this report are very similar to initiating event described in Reference Fl. Its

initiating events (IE) discussed in Reference F1. For s urce/ scenario designati n is 12 GBB-519. Its event

r,ome, the logic is exactly the same and required ordy a nomenclature is E2DF57 and it has a frequency of 5.7 E-

revision of the IE frequency to perform the analysis. In 5/yr.

others, minor adjustments to the logic were required in
F.2.1.3 12 IIBG-522addition to the revised IE frequency. These logic

adjustments are noted in the discussion below. For a
description of the initiating events, and the associated A rupture in the Plant Service Water (PSW) cooling loop

logic from which these flood events were derived, the to ADHRS would fail LPCI-C, ADHRS and PSW. If

reeder is referred to Reference Fl. ADHRS was operating at the time of the mpture, then its
loss would be the initiating event. The loss of PSW

In a few cases, new event trees were developed for the would also lead to an initiating event. The loss of PSW

first and second levels of screening. Beyond the second could lead to the loss of Turbine Building Cooling Water

level for these events, existing event trees were (TBCW), Component Cooling Water (CCW) and

compatible. Instrument Air System (IAS). These failures would in
turn lead to the loss of the Control Rod Drive (CRD),

In all cases, Human Error Probabilities (llEPs) for the Fire Water System (FWS), the Reactor Water

operator actions were re-evaluated to assure that they Cleanup System (RWCU) letdown and the Reactor

were compatible with fluid boundary break and flood. Recirculation System (RRS). This loss ofinstrument air

induce 41 initiating events. makes this event very similar to the transient TIA
initiating event described in Reference F1 with an

When appropriate, breaks in two or more sources were attendant failure of LPCI-C. De source designation for

lumped together under a common initiating event having this event is 12 HBC-522 and its initiating event

a frequency equal to the sum of the individual break n menclature is TIAF16. Its frequency is 1.6 E-5/yr.

frequencies.
F.2.2 Flood Zone 6

F.2 Initiating Event Descriptions
Except for the rupture of PSW pipe segment (30" JBD-

* ""* I"" * #* ***' N"'#* I I !This section provides descriptions of potential flood
initiating events and their nomenclature by flood mne t r Operated Valves ps) MB aM 68B, af oWer

PSW pipe ruptures in flood zone 6 caused very sim lar.g
The differences are that some ruptures would result m
the failure of CCW MOVs 54 and 42. PSW SolenoidF.2.1 Flood Zone 3 Operated Valves (SOVs) 116 and i17, and SSW MOVs :

14A and 68A, while others would not. However, since |

F.2.1.1 24 GHB-62 PSW would be lost as result of the PSW pipe rupture,
the failures of PSW SOVs !!6 and 117 would be

A rupture in Low Pressure Coolant Injection (LPCI) loop irrelevant. Sirnilarly, the loss of PSW would fail the
C suction line would fail LPCI-C and ADHRS CCW system. Therefore, loss of CCW MOVs 42 andi

components. If ADHRS was operating at the time of the 54 would be irrelevant. In addition, since SSW loop A
rupture, then its loss would cause an initiating event. was assumed unavailable in POS 5, the failures of SSW
This pipe break and flood is equivalent to the E2D MOVs 14A and 68A would also be irrelevant.
initiating event described in Reference Fl. Its
source / scenario designation is 24 GBB-62. Its event F.2.2.1 24 JBD-150 (SE & SW) and 36 IIBC-223
nomenclature is E2DF24 and its frequency is 2.4 E-5/yr. (NW)

F.2.1.2 12 GBB-519 Because any of the postulated ruptures would result in
' " " '' '

A rupture in the Alternate Decay Heat Removal System

Voi, 4 F-1 NUREG/CR-6143
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Finalized Flood Scenarios

(SW) and 36 HBC-223 (NW) were combined into a F.2.2.5 14 JBD-327 (SW)
common scenario listed as PSW-6 in Table 2.3 having a
frequency of 4.0 E-5/yr. Since the failures induced by A rupture in the Component Cooling Water (CCW) pipe
the pipe break and subsequent flood result in a loss of in the South West comer of rene 6 would fail CCS
instmment air, this initiating event is very similar to the pumps A,B, and C and, in so doing, the entire CCW
TIA event of Reference Fl. Its initiating event system. CRD pumps A and B are also failed. This
nomenclature is TIAF40 and differs from TIA in that initiator is very similar to the T5D IE of Reference F1
Standby Service Water cross-tie (SSW X-TIE) is not (loss of all CCW) and was designated TSDF81 with a
available as a sourte of core coolant injection. The only frequency of 8.1 E-5/yr.
difference is that, in the flood event tree, SSW X-TIE
would not be available as a source ofinjection into the F.2.2.5 14 JBD-327 (NW)
reactor core.

The CCW pipe rupture would fail CCW MOVs 42 and
F.2.2.2 30 JED-105 (NE) 54, the CCW system and CRD pumps A and B, and

HPCS MOVs 1 and 11 in their standby positions as well
A rupture in the PSW piping would directly degrade as PSW SOVs 120 and 121. These failures lead to the
PSW flow, SSW-B Inlet to LPCI-B (SSW MOVs 14B loss of instrument air making this initiating event have
and 68B) beat exchanger, and SSW-Xtie to LPCI (SSW the same effect as the TIA event of Reference F1 (loss of
MOVs 948 and 96B) in whatever state they were, HPCS instrument air). His IE was designated TIAF22 with a
MOVs I and 11 in their standby states, and PSW SOVs frequency of 2.2 E-5/yr.
122 and 123. The flood would also fail CRD pumps A
and B and AOV 1 A, CCW pumps A, B, and C, and F.2.2.6 6 HBD-382 (NW)
PSW SOVs 120 and 121. A break in 30 JBD-105 also
leads to a loss ofinstrument air making this scenario The CRD pipe rupture of the auxiliary building would
very similar to the TIA event of Reference Ft. This directly fail the CRD system, CCW MOVs 42 and 54,
initiating event was designated TIAF93 with a frequency and HPCS MOVs 1 and 11 in their standby positions as
of 9.3 E-6/yr, its logic, included a loss of SSW cross-tie. well as PSW SOVs 120 and 121. These failures lead to

loss ofinstrument air also resulting in the same effects as
F.2.2.3 20 HBC 79B (NW & NE) the TIA event of Reference Fl. This initiating event was

designated TIAF86 with a frequency of 8.6 E-5/yr.
An SSW loop B pipe rupture in the North West corner of
the flood zone 6 would cause almost the same failures as F.2.3 Flood Zone 14
a SSW loop B pipe mpture in the North East corner. The
difference would be that the SSW loop B rupture in the F.2.3.1 18 GBB-74
north west comer would also fail CCW MOVs 42 and
54, and the SSW loop B rupture in the north east comer This is a rupture in Shutdown Cooling (SDC) loop B. If
would also fail SSW MOVs 14B and 68B. However, SDC-B is operating at the time of the break, its loss
since both floods failed PSW, the CCW system would resulting from the break would represent an initiating
fail. The loss of CCW MOVs 42 and 54 were event. Suppression Pool Cooling loop B (SPC-B), LPCI-
irrelevant. In addition, SSW loop B would fail as a result B, and Contsinment Spray loop B (CS-B) would also be
of the rupture. The consequent failures of SSW MOVs unavailable. This IE is similar to the J2 event of
14B and 68B were also irrelevant. Reference F1 (LOCA in an operating connected system)

It was designated 12F48 with a frequency of 4.8 E-5/yr.
Since the rupture of either of the 20 HBC-79 lines would
result in the same failures, both were combined into F.2.4 Flood Zone 45
scenario SSWB-6 in Table 2.3. With SSW train A
unavailable in POSS, this initiator is similar to the T5A

F.2.4.1 10 JBD-202 (NW)
i initiating event of Reference F1 (loss of all SSW).

| However, in this case SSW loop C would still be
available for HPCS cooling. An additional difference is A rupture in the Fire Water System (FWS) piping would

cause the failures of FWS Air Operated Valves (AOVs)
that for the flooding case Plant Service Water (PSW)

283 A and 283B, Load Control Centers (LCCs) 14 belfails, which results in CCS failure. This IE was
and 12BE2 and Motor Control Centers (MCCs) 12B21designated T5AF19 with a frequency of 1.9 E-5/yr.

NUREG/CR-6143 F-2 Vol. 4
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Finalized Flood Scenarios
i

and 14BI1. Failure of LCC 14 bel would cause the The event trees are given in Appendix H.
f:ilures of ADHRS pumps A and B. Failure of LCC
12BE2 would fail RWCU pump 3 and CCW pump C. A break in either the pump A or pump B will have
This initiator is similar to initiating event E2D of exactly the same effect. However, since the breaks
Riference F1 Goss of ADHRS only) with the additional would occur ir. separate flood zones, each was treated as
failures of Reactor Water Cleanup (RWCU) pump B, the a separate initiating event designated RWC26A and
Firewater System, and CCW pump C, it was designated RWC26B respectively. Each has the identical frequency
E2DF92 with a frequency of 9.2 E4/yr. of 2.6 E-5/yr.

F.2.4.2 10 JBD-202 (SW) F.2.7 Flood Zone 56C

A rupture in the FWS piping in the South West corner of F.2.7.1 20 G BB-31
Zone 45 would cause the failures of FWS AOVs 282A
and 282B, LCCs 1IBD1 and llBD5, and MCCs llB11 A rupture in the SDC common suction line would disable
and i1B51 directly. The loss of LCC 1IBD5 resulted in all modes of RHR and would constitute a LOCA in an
the k>ss of CCW pump A and RWCU pump A. The loss operating connected system. The initiating event was
of RWCU pump A would fail RWCU resulting in a designated J2F56 with a frequency of 5.6 E-6/yr and is
situation in which makeup is greater that letdown. His listed in Table 2.3 as scenario SDC with source 20 GBB-
would result in an over-pressurization event similar to the 31,
TIOP initiator of Reference F1 with the additional failure
of FWS and CCW pump A. This IE was designated F.2.8 Flood Zone 65
TIOPF65 with a frequency of 6.5 E-6/yr.

F.2.8.1 10 JBD-253

A rupture in the FWS piping and the resulting flooding )
F.2.5.1 18 GBB-31 in zones 61-67 result in the loss of Divisions 1,2, and 3

AC and DC power sources. This event is similar to the
A rupture in SDC-B piping system would fail SDC-B and TAB initiator of Reference F1 with additional operator |

HPCS MOV4. If SDC-B is operating at the time of the actions for response to the flood induced failures.
rupture, then its loss would constitute an initiating event- Balance of plant power (BOP) remains available. This
This event is imilar to the E2B initiating event of event was designated TAB 39 with a frequency of 3.9E-
Ref:rence F1 (loss of operating RHR-SDC) with HPCS 6/yr.
dso failed. It was designated E2BF20 with a frequency
of 2.0 E-5/yr. F.2.9 Flood Zone 97

F.2.6 Flood Zones 56A and 56B F.2.9.1 18 GBB-74 ,

i

F.2.6.1 4 DBZ-1 This is a break in SDC loop during its operation. As
such, it is equivalent to the 12 initiator of Reference F1.

A rupture in Reactor Water Cleanup (RWCU) pump A Its scenario designation in Table 2.3 is SDCB. Its i

or pump B outlet piping with makeup or Emergency initiating event nomenclature is J2F91 and it has a l
Core Cooling System (ECCS) injection operating could frequency of 9.1 E-6/yr. |
lead to an over-pressurization event. The progression of
the event beyond the initiation is dependent upon the F.2.10 Flood Zone 100

.

str.tus of the plant at the time of the pipe break and the j
options open to the operator. F.2.10.1 6 DBA-9 i

A new initiating event, RWC26, and its corresponding his event is very similar to the RWC26 initiating events
event tree were developed for these pipe breaks. Tw of flood zones 56A and 56B. The difference is that it is
new transfer event trees, RRW and RARW were als a break in the RWCU conunou suction line instead of
devdoped and a fault tree for the autoisolation of RWCU one of the RWCU pump outlet ines. All modes of SDCl
(RWAIS) on the RWC26 event tree was constructed, are lost and so is RWCU. MO\ 1 is the e mly available
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means ofisolation and makeup continues to operate. TB-93. The event would lead to a failure ofinstrument
his IE was designated RWC74 with a frequency of 7.4 air rnaking this scenario very similar to the TIA event of
E-6/yr. Reference F1. The initiating event was designated

TIAFII and has a frequency of 1.1 E-5/yr.
F.2.11 Flood 7 sone SSW B

F.2.13 Flood Zone TB-133-4
F.2.11.1 241IBC-79

F.2.13.1 8 JBD-136
A rupture in the SSW loop B piping would fail SSW loop
B. This scecario was recorded in Table 2.3 as 24 HBC- A rupture in any of the PSW piping located in flood mne
79 with event nomenclature T5AF19. The frequency of TB-133-4 would fail 4.16 Kv BUS 13 AD and 6.9 Kv '

the flood from the SSW loop B pipe rupture in this Bus 1I HD. The loss of 4.16 Kv BUS 13 AD would
location was estimated to be 1.9 E-5/yr. lead to the loss of Condensate pump A and TBCW pump

A, RRS pump A, and SAS compressor C001 A-N.
Like the T5AF19 initiator in Flood Zone 6 Normally, the loss of BOP BUS 1IHD would lead to the
(Scenario / Source SSWB-6), this event results in,the loss failure of RRS pump A. However, in POS 5, when RRS
of PSW which, in turn, leads to the itss of CCW. Thus, pump A is operating at 25 % rated speed, it would be on
the accident is exactly equivalent to the first TSAF19 4.16 Kv BUS 13 AD. In addition, RRS pump A was
initiator and, since the initiating event frequencies are the assumed to be unavailable in POS 5. PSW would also
same, the analysis outcomes will be the same.. be lost as a result of the rupture.

F.2.12 Flood Zone TB-93 Instrument air system (IAS) compressors would also fail
making this event very similar to the TIA ini:iator of

F.2.12.1 18 JBD-583,24 JBD-29,24 J BD-442, Reference Fl. His initiating event was designated
10 JBD-489, 24 JBD-77 TIAF21 with a frequency of 2.1 E-6/yr.

A rupture in any of the TBCW piping located in ikxxl F.2.14 Flood Zone WTB-133
wnes TB-93-1 to TB-93-5 would fail TBCW. A n.pture
in any of these five sources in sub-mnes I through 5 of F.2.14.1 4 JBD-466
flood mne TB-93 would fair Turbine Building '

CoolingWater (TBCW) and lead directly to the loss of A break in this TBCW line would cause the loss of that
instrument air. Dese five sources were combined under system. The resulting flood, spray and splashing would
scenarios TBCW-93-1-5 in Table 2.3. De loss of fail Service Air System and IAS compressors resulting in
instrument air makes this scenario very similar to the the loss of those systems. The loss ofIAS makes this
TIA initiating event of Reference Fl. It was designated event very similar to the TIA initiator of Reference F1.
TIAF23 with a frequency of 2.3 E-5/yr. It was designated TIAF13 with a frequency of 1.3 E-

5/yr.
F.2.12.2 10 JBD-489 i

.

A rupture in any of the TBCW piping located in flood
mnes TB-93-6 would fail TBCW and condensate. The
loss of TBCW leads to the loss ofinstrument air making
this event very similar to the TIA initiating event of
Reference Fl. This IE was designated TIAF10 with a
frequency of 1.0 E-4/yr.;

| F.2.12.3 24 JBD-77

Those sections of 24 JBD-77 pipe run through sub-mnes
4 through 6 of flood zone TB-93. A rupture in any one
of them would fail PSW, condensate, and TBCW. Thus,
the three breaks were lumped together as scenario PSW-
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Appendix G - Human Reliability Analysis

G.1 Introduction assumed that as long as the operators were not threatened
by the flooding and as long as the flooding did not

This appendix describes the Human Reliability Analysis influence their ability to conduct certain actions, then the

(HRA) performed for the internal flooding analysis of perators would respond to the specific losses and

POS 5. As discussed in other sections of the report, unavailabiliies (such a loss of I A) in the " usual" way,

many of the event trees for flood initiating events with the goal of preventing undesirable consequences.

corresponded directly to IEs from the BWR LP&S That is, unless the flooding physically prevented or

internal events analysis (G5] and were used with only a hindered the operators from responding in particular

modification of the initiating event name and its ways, the "cause" of the initiating event was not assumed

frequency. For 12 of the flood initiating events, it was to have an impact. As noted earlier, in many cases the

also determined that with the exception of the initiating e ntrol room operators could be aware of a flood

event frequencies, none of the event probabilites in the induced initiator before they knew the cause. However,

event trees and fault trees would differ from the any operator actions that were required to be performed
utside the control room were examined to ensure thatcorresponding initiating events from the accident

frequencies project [G5]. For these flooding IEs, the the particular flooding scenario would not influence the

surviving cutsets from [G5] were simply rerun with the perf rmance of those actions,

new IE frequency. A list of the 12 IEs treated in this
way are presented in Table G.I.1, along with the As similarly described in (GS), the methodology used for

corresponding IE from [G5). Documentation of the c nducting the HRA and determining the Human Error

HRA for each these 12 initiators can be found by Probabilities (HEPs) for the identified human actions was

examinining the analysis for the corresponding initiator the Accident Sequence Evaluation Program Human

in Chapter 10 of[G5]. Reliability Analysis Procedure (ASEP HRAP)[NRC,
NUREG/CR-4772). The ASEP HRAP was selected for
several reasons: i

Of the remaining 12 IEs, nine were similar to IEs from
[G5), but due to certain unavailabilities and failures,
some event probabilities (including some human error (1) The HEPs obtained using the procedure are

probabilities (HEPs)) in the relevant trees had to be considered to be slightly conservative relative
to those that would be obtained from otherchanged and the sequences requantified with the new

event probabilities and new IE frequency (the same event methodologies such as THERP (NRC,

and fault trees were used). Documentation of the HRA NUREG/CR-1278]. Conservative HEP
estimates were considered desirable becausefor these events is presented in this appendix. It should 1

be noted that most of the human actions and their related existing HRA methodologies have not |
eXP citly considered the impact of potentially

'

liHEPs did not change between the two analyses and
therefore much of the HRA documentation is identical to unique performance influencing factors (PIFs) !

that produced for the corresponding initiators in [G5). A which might be operative during low power
and shutdown (LP&S) conditions.list of the nine IEs treated in this manner (and three

others which are described below) and their
corresponding IEs from [G51, are presented in Table
G.I.2. (2) The ASEP HRAP was used in the full power

PRA performed at the Grand Gulf Nuclear
Station (GGNS) as part of NUREG/CR-1150.The remaining three flooding lEs required some new

event trees. While HEPs for several new operator By using the same methodology in the present

actions had to be determined for these IEs, rr.any of the study, comparisons between related full

HEPs for various events in [G5) were applicable and this Power and LP&S HEPs may be possible.

is reflected in the documentation. These three IEs are Such comparisons may provide insights

also listed in Table G. I.2, but no corresponding initiators regarding differences in operator behavior
during the different modes of operation, and

from [G5] are listed. in how the behavior should be quantified. In
addition, the HEPs for the pre-accident

As discussed above (and in Sections 1.1 and 2.3 of this
human actions used in the present study were

report), most of the human actions and the related HEPs
taken directly from the GGNS PRA [NRC,

used in this report were the same as those used in [G51
NUREG/CR-4550). Thus, at least some

An important assumption made this possible. It was
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degree of methodological internal consistency could not be covered in the interviews, most of the
is maintained across the HEPs for the pre- critical operator actions analyzed were discussed with the
and post-accident tasks. operators. Follow-up information and additional data

regarding operator actions and time requirements for
(3) The ASEP HRAP is straightforward to use specific operator actions (both inside and outside the

and has been shown to produce intemally control room), were obtained through telephone
consistent HEPs that appear to reHect at least conversations with relevant plant personnel.

'
the relative potential of human failures in the
nuclear power plant environment. Internal The general level of understanding conveyed by plant
consistency would seem to be an important personnel about the various accident scenarios was used ;

factor for the LP&S domain, where a by the HRA analyst in detennining the HEPs. In most
complete PRA has not previously been cases, information obtained from interviews was used in
performed. conjunction with ASEP HRAP Table 8-3 in determining 'I

w hether the nominal (median) HEP or the upper or lower
(4) The procedure allows for straightforward bound value from the ASEP HRAP diagnosis model

adjustments in HEPs as a function of the (Figure 8-1), should be used in estimating the HEP for a
results from interviews with plant personnel, particular diagnosis. In some cases, interview results
in situations such as LP&S, where procedures indicated that operators would simply not do some of the '

may not be all encompassing, the results of actions included in the event trees. For example,
interviews with operators and other plant operations personnel indicated that they would not open
personnel become a critical aspect of the the MSIVs for " steaming" or " Hooding" of the vessel |

HRA. unless there was a vacuum in the condenser. Since a
vacuum in the condenser was determined to be very

G.2 General Methodology and Scope unlikely during POS 5, the relevant operator action was
always assumed to fail.

In general, the HRA data collection and analysis process
outlined in the ASEP HRAP was followed. As noted In addition to interviews with operations personnel,
above, however, the pre-accident human actions included outage management personnel and outage training

in the analysis used the same HEP values that were used pers nnel were also interviewed to obtain information '

in the PRA of GONS reported in NUREG/CR-4S50, mncerning general LP&S practices at GGNS, crew ,

Vol. 6, Rev.1. Thus, less emphasis was placed on mmposition during LP&S, shift scheduling, and

collecting information relevant to pre-accident human shutdown specific training. All of the relevant GGNS
.

|
action quantification. Nevertheless, procedures related to Off-Normal Event Procedures (ONEPs), Emergency

control of work on plant equipment and facilities, Procedures, and system start-up procedures were

protective tagging systems, outage organization, pr vided by the plant and used in the analysis. While a
shutdown protection plans, and surveillance on shutdown human factors analysis of the control room was not
related systems were obtained from GGNS and c nducted, the HRA analyst for the present study had
examined. previ usly participated in full power mode simulator

exercises at GGNS and was familiar with the displays

To obtain information relevant to analyzing the post- and layout of the GGNS control room.

accident human actions, interviews with operators and
other plant personnel were conducted over a two-day In deriving the HEPs, the ASEP HRAP was in general !

period. Since the GGNS simulator was not capable of ci sely adhered to. Basic human error probabilities for

simulating most of the relevant LP&S accident sequences each human action event were determined with the ;

investigated, several current or former GGNS operators methodology and adjusted according the rules for |
(individually or in one case a group of three) were applying the Performance Shaping Factors (PSFs)

. verbally presented with various relevant scenarios and described in the procedure. Deviations from the

asked how they (the control room crew) would respond presenbed methodology were taken only when it was felt
to the described situations. They were also asked what that the LP&S environment created a situation that was .

indications would be available to aid them in diagnosing n t well fitted to the ASEP HRAP. For example, the
| the situation and which procedures (if any) would be generally long-term scenarios studied under LP&S
'

relevant. While all the scenarios analyzed in the PRA mnditions led the HRA analyst to rarely assess
" extremely high* stress, even when the procedure may

NUREG/CR-6143 G-2 yet 4
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have called for it, e.g., more than two primary safety specifications for shutdown conditions, the availability of
systems had failed (Table 8-1, Step 10f, ASEP llRAP). plant systems is more difficult to specify. These aspects
Instances where the procedure was not explicitly led to the use of " generic" event trees in performing the
followed are discussed in the individual llEP calculation PRA. The use of generic event trees allows more or less
tebles (Tables G.2.1 through G.2.133), the same event trees to be used in representing the

system and operator responses to all initiating events.'

G.3 Pre-Accident Iluman Reliability
The resulting event trees, however, were somewhat more.

nulySIS complex and lengthy, and contained more complex
operator diagnosis / action events than are typically found ;

in full power PRAs. In full power PRAs, many of the !'

Pre-accident human actions (i.e., those human actions operator action events simply involve the manual
I

which occur before the start of an accident that can initiation of a system that has failed to auto-initiate. For
interfere with the successful response to an initiating such events, the indications and related operator
event by rendering needed systems unavailable), were diagnoses / actions are approximately the same regardless
considered for all the systems analyzed in this study, of the accident scenario in which they occur. However,
Most of the pre-accident actions used in this study were n the LP&S environment many of the potential operator -

the same as those used in the NUREG/CR-4550 study of actions are not strictly proceduralized and not always |
~

GGNS and the HEPs for those events were taken directly explicitly covered in the Emergency Procedures. ,

from NUREG/CR-4550, Vol. 6, Rev.t. Additional pre- Moreover, diagnosis and performance of many of the . e

accident events added to the present study were operator actions is dependent on the initiator and on what
quantified by using the highest value assigned to a has occurred or failed to occur previously in the accident :

comparable action identified in the NUREGICR-4550. sequence. Therefore, in order to accomplish a !
Table G.3.1 dixplays the pre-accident human errors used reasonably valid HRA analysis, it was necessary to do a
in the study and their failure probabilities, sequence by sequence analysis of the human actions

contained in the event and fault trees and to attempt to
account for the dependencies among the different

The pre-accident human actions consisted of operator actions.
instrumentation miscalibrations and failures in restoring |

systems after repair or maintenance. Detailed analyses G.4.2 Treatment of Dependencies and Non-
and modeling of potential nusalignments of systems . .

Proceduralized Actions(errors of commission) that could lead to initiating events
or latent system unavuitabilities specific to the LP&S
environment were not conducted in the present studv. Several general guidelines were used in the treatment of

No attempt was made to include the contribution of n n-pr ceduralized operator diagnoses / actions and

Suman induced flood initiating events in the overall dependencies across operator actions within an accident

indiating event frequencies (see Section 2.1.2). seen rio. The guidelines included the following:

(1) In general, credit was given for operators
i

G.4 Post-Accident IIuman Reliabilit}> ' "ectly diagnoqs and canying out a non-
proceduralized action if, on the basis of the

,

Analysis site interviews, it was judged that the
operators had a clear understanding of the

G.4.1 Incorporation of Post-Accident event in question and of the requirements for ,

lluinan Actions into PRA Slodels responding to the event.

(2) in most cases, credit would not be given for a
natproceduralized action if a critical humanla comparison with full power PRAs, the low decay heat

levels present during LP&S conditions result in a action, clearly indicated by procedure, had I
'

failed in the sequence being analyzed and therelatively large number of ways by which cooling can be
provided to the core. In addition, because less stringent pattern of failures across the sequence

requirements are imposed on operability by the technical suggested operator " confusion".
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| (3) In determining the requirements for a G.I.2, a listing of each of the operator actions included

| particular operator diagnosis \ action, any in the analysis, the associated HEP number, and a
; logically necessary human actions which had sequence locator file name. The sequence locator file
j failed in earlier events were included in the provides a brief description of the sequence context in

subsequent event, e.g., manual system which the HEP was applied, identifies the relevant
isolations necessary for success. sequences, and lists the associated HEPs and error

factors. He sequence locator files can be found at the (,

(4) Complete or zero dependence across events in end of Appendix G.!
'

a sequence was assigned as a function of the
logical relationship between those events. The calculation and supporting rationale for each of the
For mmple, in a give.n huaum action event, individual HEPs using the ASEP HRAP procedure is

,

it may have been possible for an operator to presented in Tables G.2.1 through G.2.133. Each HEP
use any of several systems to respond to the is numbered. A simple listing of each of the post-
problem. However, iflimited time was accident human actions included in the analysis, its mean
available for the event being analyzed, credit HEP, and its associated error factor is presented in Table
for trying all the available systems may not G.4.10. According to the ASEP HRAP, tLe HEPs
have been taken at that point. Therefore, any obtained with the ASEP HRAP procedure are assumed to
subsequent events which assumed that a be median values from a lognormal distribution. The
particular system had or had not been used median values were converted to means for use in the
would be set to succeed or fail accordingly, analysis using the following formula:

;

He above guidelines often required subjectivejudgments Mean = Median a exp iln Error Factorl'
on the part of the HRA analyst. Thesejudgments were 5.412,

| based on the impressions drawn from the interviews with

i plant personnel, on examinations of the relevant G.5 Recovery Actions Analysisprocedures, and on the basis of discussions with the
,

other analysts on the PRA team. Specific assumptions
conceming dependence among actions and judgements The recovery phase of a PRA analysis usually involves

regarding the potential success of non-proceduralized taking credit for human actions that restore or repair
7g g; gactions are documented in the m, dividual HEP calculation

tables (Tables G.2.1 through G.2.133). that may be available to respond to the accident, but for
some reason were not included m. the on. .gmal analysis.

.

G.4.3 Results of the Post-Accident Human For example, credit for use of the plant Fire Water
System to provide makeup to the vessel is often not taken

Reliability Analysis in the basic PRA analysis because of the complexity and
length of time required to align the system in some

Since generic event trees were used for the PRA, the plants.
operator actions asked in the analysis of the accident

sequences for the differgnt initiators were in general the In the present analysis, while credit was taken for the
same. However, because the various initiators have

traditional recovery actions'such as restoration of LOSP,
differing impacts on the system and therefore the nature

the nature of the event trees and the associated HRA
of the accident sequences, the HEP for the same operator a .alysis sometimes resulted in available systems or safety
action could vary across initiators. Furthermore, the related actions not being credited during the basic
HEP for the same operator action could also vary within analysis. Thus, where appropriate, credit for such
the analysis of a particular initiator as a function of the systems and actions were applied to the surviving cut sets
different system and operator successes and failures during the recovery analysis. The recovery related
occurring in the different sequences. Therefore, multiple operator actions were quantified using the ASEP HRAP.
HEPs were possible for a given operator action. A list of the recovery actions, the associated mean HEPs

and error factors, and the HEP calculation numbers are
In order to document whiqh particular HEP was used for presented in Table G.5.1. The individual HEP
c given operator action in a given sequence for a given calculations and the supporting rationale for each
initiator, Tables G.4.1 through G.4.9 was created. recovery action are found in Tables G.2.ll6 through

,

These tables present for each initiator listed in Table G.2.126.
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Table G.I.1
Flood Initiators Corresponding Directly to Internal Events

Initiators [G5] for Which Only the IE Frequency Was Changed

Flood Initiators Corresponding
Internal Events (IE) Initiators

E2DF24 E2D5H

E2DF57 E2D511

T5DF81 T5D5}i

J2F56 J2-5

12F91 J2-5
,

TIAF22 TIA511

TIAF86 TIA511

TIAF23 TIA5}i
'

TIAF10 TIA5H

TIAFil TIA5H

TIAF21 TIA511

TIAF13 I TIA5}I

;

i

|

;

,

,

f. '
l

,
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Table G.I.2
Flood Initiators Requiring Changes in Event Probabilities
and Their Corresponding Internal Events Initiators [G5]

Flood Initiators Corresponding
Internal Events (IE) Initiators

TIAF16 TIASH

TIAF40 TIA5H
- i

TIAF93 TIA5H
.

T5AF19 T5A5H

J2F48 J2-5

E2DF93 E2DSH

TIOPF65 i TIOP5H

E2BF20 E2B5H

TAB 39 TAB 5H

*RWC26A --

*RWC26B --

*RWC74 -- |

These flood initiators required new event trees and did not have a corresponding initiator from the internal events*

analysis {G5).

1

!
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Z Table G.2.1.1 *?

E HEP 1 Calculation $
ES
a
g Hurnan Action Event (1) OPSDC (1)

5 Event Tree (s)(2) SDC, ADH, rIA5H, TIAF16 TIAF40 TIAF93, ElB5H, E2B5H, E2BF20, T5D5H, E2T5H, S3-
5, S3H-5,

laitiators (3) RWC26 RWC74, TI, TAB 5H, TAB 39, TIASH, TIAF16, TIAF40, TIAF93, ElB5H, E2B5H,
E2BF20, T5D5H, E2T5H, S3-5, S3H-5, TIOF5, TlHP5, TIOPS, TIOPF65, TLM5H, TRPT5

Sequence I.ocator Files (4) OPSDC.SDC, OPSDC. TAB, OPSDCSDC.TIA, OPSDC.E2B, RESB.ElB, OPSDC.T5D,
OPSDC.E2T, OISSL.S35, OISSLS3H, OPSDC.TIF, OPSDC.TIH, OPSDC.TIO, OPSDC.TLM,
OPSDC.TRP

Event Description (5) OPSDC in this case represents the operator action to detect the loss of operating RHR/SDC loop
(or ADHRS in the TAB 5H sequences) and enter the appropriate procedure (Inadequate Decay Heat
Removal). Under some conditions, such as a LOSP with successful diesel generator start, the
event also includes the simple operator action to attempt a restart of the previously operating SDC
loop.

o Event Context (6) SDC was being provided by one train of R HR (or ADHRS). The other RHR/SDC loop is assumed
A out for maintenance. If initially on RHR/SDC. ADHRS was not considered to be a viable option

for restoring SDC because it would be inadequate for cooling during the first 24 hours after
shutdown.

Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-02-III-1)

$
-

A

' ~ " ' ' ' ' ~ ' ''|
-' '

'
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< Tabh G.2.1.2
9- Sequence Timing and Indications
u

Event / Cam m.a Time (T ) Annunciator / Indication Comments /

(of most interest) Operato*r (3) Source of
(1) Alerted Information

(2) (4)

less of operating O In most cases (pump trip, system isolation, loss of heat sink During shutdown, SDC is a primary
RHR/SDC loop or loss (SSW), etc.) a loss of SDC will be alarmed. In addition, function and a major concern of the.
any form of SDC with a given events such as LOSP, loss of SSW or loss of AC operators. loss of SDC is covered
loss of the AC bus. bus, operators are trained to know that SDC will isolate or during simulator training prior to each

be rendered unavailable. outage.
Furthermore, the ONEPs relevant to such events often note
the loss of SDC. A loss of SDC will also be indicated by
coolant temperature, flow, and discharge pressure changes.
Operators are required by the plant to check reactor coolant
temperature every 30 minutes at the chart recorder.

Table G.2.1.3
Potential Operator Action

O

Description Number of Activities (Tasks) Comments /
of Event Abnormal Events Required to Perform Source of Information

(1) (2) Action and Procedures (4)
(3)

A loss of SDC occurs as a random One 1. Retrieve and read relevant Complete dependence was assumed
event or as a result of the initiating ONEP. between the control room
event. OPSDC includes operator diagnosing the loss of SDC,
actions to detect the loss of SDC, 2. For some scenarios, attempt attempting a restart when
enter ONEP for Inadequate Decay restart of previously appropriate, and entering the
Heat Removal and, in some cases, operating RHR/SDC loop relevant ONEP.
attempt a restart of the system from control room. (An That is, it was assumed that if a
from the control mom (e.g., a attempt to restart the correct diagnosis was made, the
LOSP with successful diesel previously operating SDC evaluated actions would be
generator start). system was assumed to be an performed. This assumption of

"immediate emergency dependence was based on
action' per ASEP, Table 8-5, discussions with plant personnel

y and was assumed to always regarding training and procedures
x follow a correct diagosis of for a loss of SDC and on the fact

@ loss of SDC). that, in most cam, the operators
need only enter the relevant~

O procedures (also we colunm 3 of
6. this table). Z
g M

>w
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2 Table G.2.1.4 I
E Time Available to Diagnose and Perform the Task $
$
n
{ Action Time by Which Time at Which Operator Maximum Time Available Comments /
g (1) Operator Must is Alerted that Symptom to Perform the Identified Source of Information

Act (T,) has Occurred (T,) Operator Activities (T,) (5)
w

(2) (3) (4)

Detect / 37 minutes 0 37 minutes SEA Calculation C90-492-01-
Diagnose a A16
loss of
SDC

.

Table G.2.1.5
Operator Action Performance Time

Activities Location Travel Performance Total Action Comments /
. (1) (2) Time (T) Time (T ) Time (T ) Sourte of Information* *

(3) (4) (5) (6)

1. Retrieve and read Control Room - 5 minutes (ASEP 5 minutes 5 minutes to retrieve and read ONEP is
ONEP for

. Table 8-1, Step 5a) a conservative assumption given the
Inadequate Decay training the operators receive.
Heat Removal However, the delay seemed consistent

with the " diversity of activities"
ongoing during LPS, which might
delay control room response to some
extent.

2. Attempt restart of Control Room - I minute for travel & 1 minute
system if Panel manipulation time |

appmpriate - (ASEP Table 8-1,
simply turn switch Step 5b)
to start

o
-

4.

_- . __



< Table G.2.1.6
Diagnosis Time for Operator Action

| Action Maximum Time Total Action Time Available Comments /

(1) Available (T,) Time (T,) to Diagnosis (T,) Sourre of
(2) (3) (4) Information

(5)

Detect / Diagnose 37 minutes 6 minutes = 31 minutes
less of SDC

Table G.2.1.7
Diagnosis Analysis

Action Failure to Skill-Based Diagnosis Comments /

(1) Diagnose (3) (4) Source of Infonnation
(2) (5)

[ Detect / Diagnose Per ASEP Table 8-3, the lower N/A Median 11EP = IE-4 loss of SDC would certainly be a " classic"
loss of SDC bound value from ASEP Figure Mean HEP = 8.5E-4 event in the LPS environment and operators at-

8-1 for =31 minutes diagnosis GGNS receive substantial training on the

time was assigned event. Interviews with operators indicated a
good awareness of the relevant indicators and
a need to closely monitor the relevant
indicators. Thus, the criteria listed in Table
8-3 for the lower bound were met.

Z
C
;c
m
O
N
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Z Table G.2.1.8 :::
$ Post-Diagnosis Action-Type Identi!: .. tion $
o
p -

-

g Action Safety Systems Failed EOPs, Training, Individual Dynamic or Comments
g (1) (2) Use EOPs, Well Operator Must Step-by-Step Source of Infonnation
w Designed EOPs Perfonn (5) (6)

(3) C ncurrent9
Tasks

(4)

N/A' N/A' N/A' N/A' N/A'

'
Actions assumed completely dependent with diagnosis (see Table 1-3 for rationale).

Table G.2.1.9
Post-Diagnosis Stress-Level Ident?ication

O
#

lN Action T <2h Recire. Phase More Than Tv. Operator Stress Level Comments /
(1) AIterIE in Safety Systenc inmiliar (6) Sourre of Information

(2) Large LOCA Fail W/ Sequence (7)
(3) (4) (5)

N/A' N/A' N/A' N/A' N/A' N/A'

'
Actions assumed completely dependent with diagnosis (see Table 1-3 for rationale).

#o
-

4

. .



< Table G.2.1.10
E- Total HEP
r

Action Original Independent Total HEP EF Comments /

(1) Operator HEP Check /Correcimn (4) (5) Source of Information
(HEP ) HEP (6)

(2)' (HEP )
(3)a

1. Detect / Diagnose loss Diagnosis and N/A Median = 1E-4 10 Since the relevant actions

of SDC, attempt restart Actions: were assumed to be

of system if Mean = 8.5E-4 "immediate emergency

appropriate, enter Median = 1E-4 actions' and completely
ONEP dependent with the

Mean = 8.5E-4 diagnosis, credit for a
second check was not given.

o
$ .

Z
C
W

n
W
M Z

b h
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i

2 Table G.2.2.1 :c ~
$ HEP 2 Calculation $$
a,

y Human Action Event (1) OPSDC (2)

3 Event Tree (s) (2) ADH, TIASH, TIAF16. TIAF40, TIAF93 EID5H, E2D5H, E2DF93. T5D5H, S3-5, S3-
r 5H, E2V5H, '

Initiators (3) RWC26 RWC74. TI, TiASH, TIAF16, TIAF40, TIAF93 , eld 5H, E2D5H, E2DF93,
TSD5H, S3-5, S3-5H, E2V5H, TIOFS, TIHP5, TIOP5, TIOPF65, TLM5H, TRPTS

Sequence Locator Files (4) OPSDC.ADH, OPSDCADH.TIA, RES AD.EID, OPSDCADH.E2D, OPSDC.TSD,
OISSLS35. OISSLS3H, OPSDC.E2V, OPSDC.TIF, OPSDC.TIH, OPSDC.TIO,
OPSDC.TLM, OPSDC.TRP

'

;Event Description (5) OPSDC in this case includes the control room crew detecting the loss of the ADHRS,
entering the Inadequate Decay Heat Removal ONEP, and initiating a standby source of
SDC (RHR(B)) per SOI 04-1-01-E12-1.

Event Context (6) SDC was being provided by ADHRS, one train of RHR/SDC is in standby.

a Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-02-III-1), Residual Heat Removal SOI (04-1-y 01-E12-1),

,

!

$
-

*
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< Table G.2.2.2
Sequence Timing and Indications *

Event / Occurrence Time (T ) Annunciator / Indication Comments /

(of met interest) Operator (3) Source of

(1) Alerted Information
(2) (4)

A loss of ADHRS (operating node 0 In most cases, (pump trip, system / valve During shutdown, SDC is a primary

of SDC) isolation, loss of heat sint, etc.) a loss of function and a major concern of the
ADHRS will be alarmed In addition, given operators. less of SDC is covered
certain initiators, operators are trained to know during simulator training prior to each '

ADHRS will isolate or be rendered unavailable. outage.
IFurthermore, ONEPS relevant to such events

will usually note the loss of ADHRS; a loss of |

SDC will also be indicated by coolant -

temperature, flow, and discharge pressure
changes. Opentors are required by the plant to

'

check reactor coolant temperatures every 30
minutes at the chart recorder.

,

i

9
-
" Table G,2.2.3

Potential Operator Action

Description Number of Activities (Tasks) Comments /
of Event Abnormal Events Required to Perform Source of Infonnation

(1) (2) Action and Procedures (4)
(3)

A loss of ADHRS occurs as a One 1. Enter ONEP for IDHR The RHR/SDC initiation procedure
random event, spurious isolation, _ also directs operators to place LPCI
or as a result of the initiating 2. Stait standby RHR/SDC loop per SOI (C)in standby (follwing completion
event. OPSDC in this case M-1-01-E12-1 of other actions). While it is
includes detecting the loss of assumed operators will follow
ADHRS, entering IDHR ONEP, - Isolation of ADHRS includes procedures, the control room can
and initiating a standby source of opening breaker outside control initiate SDC (B) prior to these steps

y SDC (RHR(B)) per procedure. room per Step 5.15.2d being completed. Placing LPCI (C)
x m standby was assumed to be

,

@ - RHR initiated from control room completely dependent with initiating

3 RHR/SDC(B).
2x

i =
b C
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Z Ttble G.2.2.4 :::

% Time Available to Diagnose and Perform the Task $
m
O
o
y Action Time by Which Time at Which Operator Maximum Time Available Comments /

g (1) Operator Must is Alerted that Symptom to Perform the Identified Source of Information

Act (T,) has Occurred (T,) Operator Activities (T,) (5) !w

(2) (3) (4)

Initiate RHR/SDC (B) 37 minutes 0 37 Minutes SEA Calculation C90492-Ol-
A16

Table G.2.2.5
Operator Action Perfonnance Time

Activities Location Travel Performance Total Action Comments /

(1) (2) Time (T,) Time (T) Time (T,) Source of Information
(3) (4) (5) (6)

E 1. Retrieve and read ONEP for CR 5 minutes (Table 5 minutes See HEP 1 (OPSDC (1)), Table 1-5 for
IDHR 8-1, Step 5 A) rationale.

2. Initiate RHR/SDC (B) It was assumed that most (but not all)

(includes isolation of ADHRS control room actions could occur in
to prevent overpressurization parallel with operator trip to open
oflow pressure piping and breaker (ASEP Table 8-1, Step 7).

placement of LPCI(C) in
standby)

- valve alignment and system CR - 5 minutes 5 minutes
initiation from control
room

RHR (C) 14 minutes 1 minute 15 minutes Travel and performance time for
- open breaker outside CR as pump room, =25 minutes OPemng breaker was established on the

part ofisolation of basis of discussions with plant
ADHRS aus. bldg. personnel.

<
$
a

| N



< Tc.ble G.2.2.6
,

{ Diagnosis Time for Operator Action

Action Maximum Time Total Action Time Available Catments/

(1) Available(T ) Time (r ) to Diagnosis (T) Source of
" *

(2) (3) (4) Information
(5)

Diagnose need to align and 37 minutes 25 minutes 12 minutes

initiate RHR/SDC (B)

Table G.2.2.7
Diagnosis Analysis

Action Failure to Skill-Based Diagnosis Comments /

(1) Diagnose (3) IIEP Source of Information
(2) (4) (5)a

U Diagnose loss of Per ASEP Table 8-3, the lower N/A Median = 0.005 Loss of SDC would certamly be a " classic"

SDC and need for bound value from Figure 8-1 Mean = 0.0133 event in the LPS environment and operators at

standby SDC for 12 minutes diagnosis time GGNS receive substantial trammg on the

was assigned event. Interviews with operators indicated a
good awareness of the relevant ind;cators and
a need to closely monitor the relevant
indicators. Thus, the criteria listed in Table
8-3 for the lower bound were met.

Z
C
N
O
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Z Table G.2.2.8 =
E Post-Diagnosis Action Type Identification $$ per Step 10, Table 8-1 of ASEP llRAP !

$
:c
&
; Action Safety Systems Failed EOPs, Training, Individual Dynamic or Comments

'

(1) (2) Use EOPs, Well Operator Must Step-by-Step Sourre of Infonnation
pw

Designed EOPs Perfonn Concurrent (5) (6)
(3) Tasks

(4)

Align & N/A ONEPS clear and No Step-by-Step Actions are clearly defined
Initiate well-designed in by pmcedure.
RHR/ SDC regard to diagnosing
(B) and initiating

standby SDC
-

,

I

a Table G.2.2.9
2. Post-Diagnosis Stress-Level Identification

.
"

per Step 10, Table 8-1 of ASEP IIRAP !

|

Action T <2h Retire. Phase More Than Two Operator Stress Level Comments /
(1) After IE in Safety Systems Familiar (6) Sourre of Information

(2) Large LOCA Fail W/ Sequence (7)
(3) (4) (5)

Align and N/A' N/A No* N/A Moderately High
initiate
RHR/SDC (B)

s

'
At least moderately high stress was assumed for all events.

,

2

For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of ex.tremely
high stress. Each human action event was examined as a function of the context.

,

#
o
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< Table G.2.2.10
E Total HEP
u

Action Original Independent Total HEP EF Canments/
(1) Operator HEP Check / Correction (4) (5) Source of Information

(IIEP ) HEP (6)
(2)' (HEP )

(3)

1. Diagnosis Median = 0.005 - Med. Mean 10 Given the limited time
Mean = 0.0133 0.005 0.0133 available for diagnosing and

conducting the actions (one
' of which was outside control

room), credit for a second
check was not given.

2. Align and initiate standby Median = 0.02 - 0.02 0.032 1 Opening of the breaker is a

SDC (RHR/ SDC(B)). 'ne Mean = 0.032 0.025 0.046 10 safety measure related to

straightforward, isolating ADHR and its
conceptually integrated set Total Median failure or delay would not

9 of proceduralized actions HEP = 0.025 prevent successful start of'

*

G (Steps 5.15.2 and 4.2.2.e) SDC (B). Similarly, placing
were assumed to be Total Mean HEP LPCI (C) in standby, which
completely dependent. (See = 0.(M6 is subseo,uent to starting

comments in Column 6 for RHR/SDC(B) in the
additional information). procedure, will not affect

initiation or operation of
SDC(B).

_
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Z Tchie G.2.3.1 :::

E HEP 3 Criculation $
E!
8
g Human Action Event (1) OPDHR (1)

3 Event Tree (s)(2) L,LA,LP, LAP

Initiators (3) RWC26 RWC74, TI-5, TIASH, TIAF16, TIAF40, TIAF93, TDB5H, T5D5H, ElB5H, EID5H, E2D5H, E2DF93,
EIT5H, EIV5H, TLM5H, TRPTS, TIHP5. TIOF5

Sequence locator Files (4) OPDHR&.LP&, OPDHR&.TIA, OPDHR.TDB, OPDHRP.T5D, OPDHRP.ElB, OPDHRP.EID, OPDHRP.E2D,
OPDHRLP.EIT, OPDHRLAP.EIV, OPDHR.TLM, OPDHR.TRP, OPDHR.TIH, OPDHROP.TIll, OPDHR.TIF

Event Description (5) OPDHR is the operator action to control vessel level in order to avoid a " functional * loss of SDC caused by
inadequate circulation between the core and the downcomer regions of the vessel. That is, even if SDC continues to
operate, if vessel level becomes too low, a " disconnect" between the core and downcomer regions can occur. His will
result in inadequate cooling of the core even though SDC continues to operate. He indications to the operators that
the event is occurring can be subtle because temperature readings are apparently taken from the downcomer region,
where the water being cooled by SDC is returned. Also, the vessel level would not be so low that any level alarms
would sound. A loss of forced recirculation, or a loss of makeup (usually CRD) coupled with continued draindown,
can lead to inadequate level. Only 10 minutes was allowed for the operator diagnosis and actions in OPDHR.

$ Event Context (6) The important constants for the OPDHR (1) calculation (HEP 3) are that RWCU auto-isolates (an LOSP occurs or IA
is lost) or the initiator was a loss of forced recirculation, a loss of (CRD) makeup, or an inadvertent overfill of the
vessel that had been stopped. It was assumed that with only a loss of forced recirculation or a loss of makeup
occurring, the resulting alarms would immediately lead the operators to isolation of RWCU (letdown). In the case of a
recent overfill that was stopped, it was assumed that the operators would be attending to level and that any following
loss of forced recirculation or makeup would also lead to an isolation of RWCU.

Applicable Procedures (7) No specific procedures, but the Inadequate Decay Heat Removal ONEP (05-1-02-111-1) would be relevant, as would
the relevant SOls, e.g., RHR SOI (04-1-01-E12-1).

-
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< Table G.2.3.2
Sequence Timing and Indications

Event /Oum.ua Time (T ) Annunciator / Indication Comments /
*

(of most interest) Operator (3) Source of
(1) Alerted Information

(2) (4)

IDHR caused by - O As noted in Table 3-1, the indications for this event may be
inadequate circulation subtle because vessel temperature readings c< ' i be
between the core and the misleading and no level alarms would sound. However, in
downcomer regions of all the sequences covered, CRD and/or forced recirculation
the vessel. Level control is lost. These events will be alarmed and if the operators
(makeup) is needed. are knowledgeable regarding the potential problem, these

indications should suffice.

Table G.2.3.3
Potential Operator Actiona

b
Description Number of Activities (Tasks) Comments /

of Event Abnormal Events Required to Perform Source of Information
(1) (2) Action and Procedures (4)

(3)

A " functional * loss of SDC leads One The operators need to increase
to IDHR. The operators need to RPV water level with any available
diagnose the need and increase injection system. CRD (if
vessel level. available), CDS, or an ECCS

system are possible choices.

2
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N
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Z Table G.2.3.4 ::
E Time Arcilable to Diagnose and Perform the Task 7
m
O

:8
g Action Time by Which Time at Which Operator Maximum Time Available Comments /

g (1) Operator Must is Alerted that Symptom to Perfonn the Identified Source of Infonnation
Act (T,) has Occurved (T,) Operator Activities (T,) (5)w

(2) (3) (4)

"Ihe operators need to 10 minutes 0 10 Minutes SEA Calculation C90-492-01-
diagnose the need to A16
increase level to avoid
inadequate core
cooling.

Table G.2.3.5
Operator Action Performance Time

C
eb
" Activities Location Travel Performance Total Action Comments /

(1) (2) Time (T,) Time (T) Time (T,) Source of Infonnation
(3) (4) (5) (6')

If available, increase CR - 2 minutes 2 minutes Note that travel and manipulation (perfonnance)
flow with CRD. If CRD times in the control room were determined using
is not available and SDC Since more than ASEP Table
is not being provided by one system may 8-1, Step Sb, and are grouped under the
SDC(B), use CDS. need to tried,2 performance time column.
Otherwise, use an ECCS minutes, rather
system. than I minute The actions involved in initiating a makeup system
Note. With only 10 min. was assumed for were assumed to be completely dependent. System
available for OPDHR, if conducting the initiation would be proceduralized.
CDS was asked and it activities.
failed, credit was not
taken for both CDS and
an ECCS system. ]

<o
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<: Table G.2.3.6
Diagnosis Time for Openator Action

Action Maximum Time Total Action Time Available Comments /
(1) Available (T,) Time (T,) to Diagnosis (T,) Soune of

(2) (3) (4) Information
(5)

ne operators need to 10 minutes 2 minutes 8 minutes
diagnose the need to
increase level to avoid
inadequate core cooling.

Table G.2.3.7
Diagnosis Analysis

Action Failure to Skill-Based Adjusted / Comments /a
g (1) Diagnose (3) FinalIIEP Source of Information

(2) (4) (5)

Diagnose need to Per ASEP Table 8-3, the Med. = 0.15 The site interviews indicated that the
provide makeup median value from Figure 8-1 operators are aware of the problem of concern

for 8 minutes diagnosis time Mean = 0.40 and have a clear understanding of the
was assigned. requiremmts. However, with the potential

subtlety of the indicators , die absence of any
explicit procedures, and the time limitations,
the lower bound diagnosis value was not
assumed appropriate.

Z
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M
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M
6 |I:
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2 Table G.2.3.8 :::
Post-Diagnosis Action Type Identification per Step 10, Table 8-1 of ASEP HRAP $

Q
Fi

-W Action Safety Systems Failed EOPs, Training, Individual Dynamic or Comments

( (1) (2) Use EOPs Well Operator Must Step-by-Step Soune of Information
Designed EOPs Perfonn Concurrent (5) f4w

(3) Tasks
(4)

Initiate an N/A Interviews indicated No Dynamic.
injection that the operators
system to were knowledgeable Given that the
provide about the need for operators would
makeup. the actions. have determine

which system to
start on their own

' and without much
! time, the actions

were assumed to,

j be dynamie, per

[ ASEP.
'

u

Table G.2.3.9
Post-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP IIRAP

Action T <2h Recire. Phase More Than Two Operator Stmss Level Comments /
(1) After IE in Safety Systans Familiar (6) Source of Infonnation

(2) Large LOCA Fail W/ Sequence (7)
(3) (4) (5) _

Initiate an N/A' N/A No N/A Moderately Several systems available
2

injection liigh and substantial time before
system to core damage.
provide
makeup.

| ' At least moderately high stress was assumed for all events.
| 2

< For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of extremely
| o. high stress. Each human action event was examined as a function of the coritext.

s

. . _ .
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< Tchie G.2.3.10
.E Total HEP
r

Action Original Independent Total IIEP EF Comments /
(1) Operator IIEP Check / Correction (4) (5) Source of

(IIEP ) IIEP Information
(2)* (IIEP) (6)

(3)

1. Diagnosis Med. = 0.15 - Med. Mean (10)
0.15 0.40

Mean = 0.40

2. Initiate an injection system to Med. = 0.05 Credit for a second 0.05 0.081 15) The error factor
provide makeup and vessellevel Mean = 0.081 check was not taken 0.20 0.48 (10) associated with the
control. because of the time donunant HEP _was

limitations. Total Median assigned.
HEP = 0.20

Total Mean HEP
O = 0.48
h

z
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2 Table G.2.4.1 :
$ HEP 4 Calculation s
o ,

a
Human Action Event (1) LCMK (1)

e Event Tree (s) (2) L, LA, LP, LAP, TIOPS, TIOPF65

Initiators (3) RWC74. RWC26, TIOPS, TIOPF65, TI-5, TRPT5, TORV5, TIOF5, TlHP5, EIV5H, EIT5H, E2C-5

Sequence locator Files (4) LCMK.TIO, OPDHRHYD.TIO, OPDHR&.LP&, OPDHRHYD.LP, OPDHR.TRP, OPDilRHYD.TRP,
OPDHRHYD.TRV, OPDHR.TIF, OPDHR.TlH, OPDHROP.TIH, OPDHRLAP.ElV, OPDHR.EIV,
OPDHR.EIT, OPDHRLP.EIT, OPDHRHYD.E2C

Event Description (5) LCMK is the operator action to recognize that makeup is greater than letdown and control makeup.

Event Context (6) The important constants for the LCM K (1) calculation (HEP 4) is that letdown is isolated and therefore makeup
(CRD) needs to be controlled. In most cases, the operators have initiated makeup (CRD) to avoid a loss of SDC
created by a disconnect between the core and downcomer regions of the vessel. For the TIOP5 initiator, letdown
(RWCU) has inadvertently isolated and the operators must control level. In both cases, overfill and i

overpressurization are of concern and the operators have 2.5 hours to realize that they need to control makeup. For
HEP 4, makeup is always with CRD. Level cannot increase rapidly with CRD, relative to when makeup might be

O provided with CDS or an ECCS system.
M

Applicable Procedures (7) No specific procedures other than EP-2, RPV Control, Rev.19.

'
,

t

t
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< Table G.2.4.2
Sequence Timing and Indications

EvenUOccurrence Time (T ) Annunciator / Indication Comments /
*

(of most interest) Operator (3) Sourte of
(1) Alerted Information

(2) (4)

Letdown is isolated, O Inadvertent isolation or loss of RWCU will be alarmed. In
makeup is with CRD, some scenarios, the operators have isolated RWCU after it
and operators need to failed or RWCU has auto-isolated. In all cases, level and
control level. pressure will be increasing and operators will have

approximately 2. 5 hours to realize the need to control level.

Table G.2.4.3
Potential Operator Action

$ Description Number of Activities (Tasks) Comments /
" of Event Abnormal Events Required to Perform Source of Information

(1) (2) Action and Procedures (4)
(3)

Letdown is is > lated, makeup is One The operators simply need to
with CRD, md operators need to control flow rate and the
control leve!. accompanying level increase to

avoid overpressurization. Makeup ,

is with CRD.

_

Z
C
b
O
8
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2 Tcble G.2.4.4 :C
Time Available to Diagnose and Perfonn the Task 5

O
h
* Action Time by Which Time at Which Operator Maximum Time Available Comments /I (1) Operator Must is Alerted that Symptom to Perfonn the Identified Sourre of Infonnation

Act (T) has Occurred (T,) Operator Activities (T,) (5)
w

(2) (3) (4)

*Ihe operators need to 150 minutes 0 150 Minutes SEA Calculation C90-492-01-
realize that makeup is A16
greater than letdown
and control level.

Table G.2.4.5
Operator Action Perfonusnce Time

_
.

Activities Location Travel Performance Total Action Comments /
$ (1) (2) Time (T,) Time (T) Time (T,) Source of Information
"

(3) (4) (5) (6)

Control flow and level CR - I minute 1 minute Note that travel and trenipulation (performance)
with CRD. times in the control room were determmed using

ASEP Table
i 8-1, Step 5b, and are grouped under the

performance time column.

System control would be proceduralized.

#o
.-

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



< Table G.2.4.6
Diagnmis Time for Operator Action

Action Maximum Time Total Action Time Available Ca==navsf
(1) Available (T,) Time (T,) to Ihagnosis (T) Sourre of

(2) (3) (4) Information
(5)

The operators need to f50 minutes I minute Approx.149 minutes
realize that makeup is
greater than letdown and
control level.

Table G.2.4.7
Diagnosis Analysis

Action Failure to Skill-Based Adjusted / Comments /
(1) Diagnose (3) Final HEP Sourre of Informationg

g3 (2) (4) (5)e

Recognize that Per ASEP Table 8-3, the Med. - 6.5E-5 The site interviews i=&-t~1 that the
makeup is greater median value from Figure 8-1 operators are aware of the problem of concem
than letdown and for 149 minutes diagnosis time Mean - 5.0E-4 and have a clear understandmg of the
control level. was assigned. qdmmts. No explicit procedures other

than indicator based emergency procedures.

2
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2: Toble G.2.4.8 =
E Ptst-Diagnosis Action Type Identification per Step 10, Table 8-1 of ASEP llRAP $
E!
F5 .

g Action Safety Systems Failed EOPs, Training, Individual Dynamic or Conunents
;- (1) (2) Use EOPs Well Operator Must Step-by-Step Source of Information

Designed EOPs Perform Concurrent (5) (6)
w

Q) T e ks
(4)

Control N/A Interviews indicated No S:ep-by-step
level, that the operators

were knowledgeable
about the need for
the actions.

Table G.2.4.9
| Post-Diagrnsis Stress-Level Identification per Step 10, Table 8-1 of ASEP HRAP
: o
'

Ja
Action T < 2h Retire. Phase More Than Two Operator Stress Level Comments /

(1) AfterIE in Safety Systems Familiar (6) Source of Information
i (2) Large LOCA Fail W/ Sequence (7)
| 0) (4) (5)

Control N/A' N/A No N/A Moderately Controlling level is a
CRD to High straightforward operation of

( avoid which all operators are
[ overpress- familiar.
| urization
|

'
At least moderately high stress was assumed for all events.

2
For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of extremely
high stress. Each human action event was examined as a function of the context.

I
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2. Table G.2.4.10
* Total HEP

Action Original Independent Total HEP EF Comments /
(1) Operator HEP Check / Correction (4) (5) Source of

(HEP ) HEP Information
(2)" (HEP,) (6)

(3)

1. Diagnosis Med. = 6.5E-5 - Med. Mean (10)
6.5E-5 5.0E-4

Mean = 5.0E-4

_f5)_ Second check HEPs2. Control flow rate and level with Med. = 0.02 Credit for a second 0.004 0.01 5

CRD. Mean = 0.032 check was given 0.004 0.011 (5) are multiplied by the
because of the additional original HEP for
time with little else of Total Median HEP each action.
concern. HEPs for = 0.004
failure to provide a The error factor

Q second check were: Total Mean HEP associated with the
M = 0.011 dominant HEPs was

Med. = .2 assigned.

Mean = .323

2:
C
h
C
N
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b T
a 5'
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z Table G.2.5.1 :z:
HEP 5 Calculation $

O
Fi
g Human Action Event (1) OPISV (17)

5 Event Tree (s)(2) F,FP

Initiators (3) RWC74, RWC26, TDB5H, TI-5, TLM5H, EIT5H

Sequence Locator Files (4) OPFLDFR.TDB, OPFLDHY2.EP, OPFLDHYD.TLM, OPFL6LER.EIT, OPFLDLER.TLM,
OPFLDRM.EIT, OPFLDRM.TLM, OPFLDRMH.TLM

Event Description (5) OPISV asks whether the operators will proceed with the initiation of vessel /contamment floodmg
when only 1 SRV can be opened. In essence, OPISV is the same decision and actwns as OPFLD
(HEP 28), except that only 1 SRV, rather than the multiple SRVs indicated by procedure, will
open. OPISV is asked only in sequences where OPFLD succeeds and must occur in the same time
Period. _

Event Context (6) For the OPISV (17) calculation (HEP 5), OPECS or OPDHR have succeeded, but all ECCS
systems have failed or are unavailable. 'Ihus, the operators have attempted to do the correct
actions, but the systems asked have failed or been unavailable. One option available to the

Q operators to provide level and core cooling is to flood the vessel /contamment. SSWXT or FW are
M systems that could (potentially) be used to flood. If vessel level is too low and not increasing, EP-2

calls out for alternate level control which will eventually lead the operators to floodmg The issue is
whether the operators will initiate flooding with SSWXT if only 1 SRV can be opened. OPISV is
asked only in sequences where OPFLD m-4

Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-02-III-1), EP-2 (RPV Control, Rev.19), RHR SOI
(04-1-01-E12-1, Step 6.10)

<
b
u



< Table G.2.5.2
Sequence Timing and Indications

EvenUCwm ms Time (I') Annunciator / Indication Commets/

(of most interest) Operstdr (3) Sourte of

(1) Alerted Information

(2) (4)

ECCS systems are not O In addition to numerous alarms and indications which
available and core would already be present, reactor temperature (and in some

cooling and makeup are cases pressure) will be increasing). The crew has been
needed. He question is attempting to respond to existing problems and will be
whether they will flood aware of the need to provide core cooling in some way.

with only 1 SRV open. Low level alarms would likely to occur during this period.
The control room gets feedback regarding the openmg and
closing of SRVs. _

Table G.2.5.3g
s Potential Operator Action
w

r

Description Number of Activities (Tasks) Comments /

of Event Abnonnal Events Required to Perfonn Source of Information

(I) (2) Action and Prao (4)
(3)

Operators are attempting to One -- Check closed MSIVs It was assumed the SSWXT would

respond to IDHR, but no ECCS - Ensure that several(one in be the operators first choice for

systems are available. this case) SRVs are open flooding and credit was not taken

OPISV asks whether the eiwkris - Align and initiate SSWXT for both SSWXT and FW in the

will attempt to flood if only 1 SRV for flooding sequences covered by this HEP.

can be opened. EP-2 directs
several SRVs to be opened. The
question is whether they will

$ proceed with the initiation of

@ flooding if they can get only i
O SRV.

9
r =

b h
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z - Tcble G.2.5.4 :::$ Time Available to Ihagnose and Perform the Task $$
'Pi

:= Action Time by Which Time at Whsch Maximmu Time Comments /
,
'

b (1) Operator Must Operator Available Source of Information0 Act (T,) is Alerted that to Perfonn the (5),

! (2) Symptom Identified'

has Occurred (T ) Operator
*

(3) Activities (T )"
(4)

Initiate contamment 23 minutes 0 23 Minutes SEA Calculation C90-492-01-A16
flooding with only 1 Note. There is clearly a dependency between
SRV. This task must OPFLD and OPISV. Essentially they constitute the
occur in the same same action, but an additional diagnosis is involval
time frame allowed in OPISV. Since OPISV is asked only when
for OPFLD. That

OPFLD succeeds and must occur in the same timeis, it must occur in period, it was decided that the HEP for OPISV
. the same 23

would be ita as if it were OPFLD (HEP 28minutes. in this case), except for one difference. Five minutes
$ Functionally, less would be available for the diagnosis because of

OPISV is OPFLD,A
the time lost in respondmg to the failure to get

except that only I
several SRVs open. Operators would probably make '

SRV is available. several attempts to get one more SRV open and
OPISV is asked

would discuss proceedmg with 1 SRV among each *

only when OPFLD
other. The site interwews umhcated the operators

succeeds. would be likely to proceed with water solid
operations even though only 1 SRV was available.

!

2
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< Tr.ble G.2.5.5
Operator Action Perfonnance Time

Activities Location Travel Perfonnance Total Action Comments /

(1) (2) Time (T,) Time (T) Time (T,) Source of Infonnation
(3) (4) (5) (6)

1. Retrieve and read EP-2 CR - 5 minutes (ASEP 5 minutes 5 minutes to retrieve and study EP-2 is a

and apply to LP&S Table 8-1 Step conservative assumption given the training the

context. Sa) operators receive. However, the delay seemed
consistent with the " diversity of activities"
ongoing during LP&S and with the idea that
some * generalization" of EP-2 to the LP&S
context would be required.

2. Check closed MSIVs CR - I minute 1 minute ne critical actions for flooding conhinmmt
werejudged to be an integrated set of actions.

3. Make several attempts CR - 5 minutes 5 minutes Operators at GGNS indicated that prtwxeding

to get the second SRV with flooding with only one SRV would be a

a open and discuss viable and likely option. He immediate objective

g proceeding with 1 SRV is to get some form of decay heat removal
operating and ikxxiing with 1 SRV would
provide ccre cooling.

4. Ensure 1 SRVs open CR - 1 minute I minute Also note 6at per ASEP Table 8-1, Step Sb, a i
min. travel and manipulation time was assumed
for each action.

4. Initiate SSWXT per CR - 1 minutes Lgtinute
RHR SOI 04-1-01-E12-1, (per Table 8-1, 13 min. Total
step 6.10. Requires 2 Step 5b

valves to be opened.
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2 Table G.2.5.6 |c
@ Ihagnosis Time for Operator Action $8
n
N Action Maximum Time Total Action Time Available Comments /
h (1) Available (T,) Time (T,) to Diagnosis (T) Source of
'd

(2) (3) (4) Information
(5)

Diagnose need to flood 23 minutes 13 minutes 10 minutes
with 1 SRV

,

Table G.2.5.7
Diagnosis Analysis

Action Failure to Skill-Based Adjusted / Comments /
(1) Diagnose (3) I' mal IIEP Sourre ofInformation

a (2) (4) (5)
$

Diagnose need to Per ASEP Table 8-3, the Med. = 0.1 ne site interviews mdicated that the operators
flood with 1 SRV. median value from Figure 8-1 have a clear understandmg of the needed

for 10 minutes diagnosis time Mean = 0.27 response and the necessary actions. Thus, per
was assigned. ASEP HRAP, Table 8-3, the medsan

diagnosis value would be %vyu.te.

#o
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< Tchte G.2.5.8
E Post-Diagnosis Action Type Identification
" per Step 10, Table 8-1 of ASEP HRAP

Action Safety Systems EOPs, Training, Individual Dynamic or Commnents

(1) Failed Use EOPs Well Operator Must Step-by-Step Source of Information
(2) Designed EOPs Perform Concurrent (5) (6)

Q) Tmb
(4)

Flood with 1 N/A Interviews indicated No St.vby-Step
SRV. that the operators

were knowledgeable
about the need for
the actions and
requirements.

_

5
" Table G.2.5.9

Post-Diagnosis Stress-Level Identification
per Step 10, Table 8-1 of ASEP IIRAP

Action T <2h Recirt. Pluise More Than Two Operator Stress Level Comments /

(1) AIter IE in Safety Systems Familiar (6) Source of Information
(2) Large LOCA Fail W/ Sequence (7)

(3) (4) (5)

2Flood N/A' N/A
-

No N/A Moderately Substantial time before core
containment High damage

with SSWXT
and 1 SRV

OPen.7
C

' At least moderately high stress was assumed for all events.

8
:o * For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of extremely

Zhigh stress. Each human action event was examined as a function of the context.
e_
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2 Table G.2.5.10 :n
E TotalIIEP $8
M
g Action Original Independent Total IIEP EF Conunents/

(1) Operator HEP Check / Correction (4) (5) Source of
-

w (IIEP ) HEP Infonnation
(2)' (HEP ) (6)

(3)

1. Diagnosis Med. = 0.1 - Med. Mean (10)
0.1 0.27

Mean = 0.27

2. Initiate vessel / containment Med. = 0.02 Credit for a second 0.02 0.032 .15L The error factor
flooding with SSWXT and 1 SRV Mean = 0.032 check was not given 0.12 0.302 (10) associated with the
open. because of the time dommant HEP was

limitations. Total Median assigned.
HEP = 0.12

Total Mean HEP
Q = 0.302
h

2
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Tr<ble G.2.6.1g
r HEP 6 Calculation
a

Human Action Event (1) OPECS (1)

Event Trec(s) (2) E,EA,EP,EX

Initiators (3) RWC74, RWC26. TI, TIA5H, TIAF16, TIAF40. TIAF93, TAB 5H. TAB 39, TDB5H,
T5D5H, ElB5H, E2B5H, E2BF20. eld 5H, E2D5H. E2DF93, TORVS, TRPT5, ElV5H,
E2V5H, EIT5H, E2T5H, TIOF5, TlHP5, TLM5H, TIOPS, TIOPF65

Sequence lecator Files (4) OPECS&.EP, OPECSHY2.EP, OPECSHYD.EP, OPCSDCl2.EX, OPECSDC5.TIA,
OPECSDC9.TIA, OPECSHY2.TIA OPECSSDC. TAB, OPECSHYD.TDB,
OPECSSDC.TDB, OPECS9.T5D, OPECSRTE.T5D, OPECSSDC.ElB, OPECSRTE.ElB,
OPECSSDC.E2B, OPECSRTE.EID, OPECSRTE.E2D, OPECSRTE.TRV,
OPECSHYD.TRV, OPECSHY2.TRV, OPECSRTE.TRP, OPECSHYD.TRP,
OPECSHY2.TRP, OPECSLTRP, OPECSL5.TRP, OPECSLP.TRP, OPECSSDC.TRP,
OPECSADS.TRP, OPECSADH.TRP, OPECSHPR.TRP, OPECSAD2.EIV,
OPECSADH.EIV, OPECSL5.ElV, OPECSLPE.EIV, OPECSADF.ElV,
OPECSALA.EIV OPECSHPR.EIV, OPECSAD2.E2V, OPECSADH.E2V,
OPECSSDC.EIT, OPECSDCF.EIT, OPECSHPR.EIT, OPECSLPE.EIT,o

g OPECSL5.EIT, OPECSSDC.E2T, OPECSHPR.E2T, OPRCSDC5.E2T,
OPECSADH.TIF, OPECSSDC.TIF, OPECSLP.TIF, OPECSLTIF, OPECSADil.TIH,
OPECSSDC.TlH, OPECSLP.TIH, OPECSLTIH, OPECSADH.TIO, OPECSSDC.TIO,
OPECS AD5.TIO, OPECSADH.TLM, OPECSSDC.TLM, OPECSADS.TLM,
OPECSLTLM, OPECSLP.TLM, OPECSLHY.TLM, OPECSHYD.TLM

Event Description (5) OPECS is this case includes diagnosing the need to go ECCS water solid and perfonning
the relevant actions.

Event Context (6) The important constants for the OPECS (1) calculation (HEP 6) are that the control room
has diagnosed the loss or inadequacy of SDC (e.g., OPSDC succeeds or OPDHR
succeeds, but CDS fails), they have entered the ONEP for IDHR, they realize no normal
means of SDC are available (RHR (A) assumed not available per refueling outage
schedule), and they are aware of the need for level control. RWCU has been isolated.
The ONEP directs the operators to go ECCS water solid (LPCI, HPCS, or both are
available, depending on context).

7

E Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-02-111-1), RHR SOI (04-1-01-E12-1), HPCS

a SOI (04-1-01-E22-1).
Fi
c
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Z Table G.2.6.2 m@ Sequence Timing and Indications $o
aW Event / Cum,ou Time (T ) Annunciator / Indication Comments /f (of most interest) Operator (3) Source of

*

(1) Alerted Information
w

(2) (4)
l IDIIR. Need for level O Control room is aware that normal SDC unavailable or

~

control and cooling. inadequate. Loss of systems were alarmed. ONEP for
IDHR directs the control room to use ECCS to go water
solid in this context. ONEP has been entered. Reactor
coolant temperature will be rising.

Table G.2.6.3
Potential Operator Action

Description Number of Activities (Tasks) Comments /
[ of Event Abnormal Events Requirea to Perform Source of Informationo

(1) (2) Action and Procedures (4)
(3)

No normal means of SDC, level One Per IDHR ONEP (Step 5.1.3c) Where SDC(B) has failed, RHR(B)control is needed, IDHR ONEP
assumed unavailable. It was also

directs operators to go ECCS 1. - Check closed MSIVs assumed that at least initially, awater solid. - Ensure that two SRVs are low pressure injection system
open would be preferable to high

- Increase RPV water level pressure system.
with any available injation
system. In this context LPCI is initiated from 04-1-01-
LPCI (C) was assumed E12-1, Step 5.4.2.
first choice if available,
then HPCS. HPCS is initiated from 04-1-01-

E22-1, Step 5.2.

$
-
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< Tcble G.2.6.4
Time Available b Diagnose and Perform the Task

Action Time by Which Time at Which Operator Maximum Time Available Can== cat <I

(1) Operator Must is Alerted that Symptom to Perform the Identirmi Sotare of Information

Act (T) has Occurred (T,) Operator Activities (T,) (5)

(2) (3) (4)

Initiate ECCS water 23 minutes 0 23 Minutes SEA Calculation C90-492-01-
solid operation. A16

Table G.2.6.5
Operator Action Performance Time

n

Activities Location Travel Performance Total Action Cos.m' mts/

(1) (2) Time (T,) Time (T) Time (T,) Source of information
(3) (4) (5) (6)g

b 1. Check closed MSIVs CR - 1 minute 1 minute The three critical actions for initiating
ECCS water solid operation were
assumed to be completely dependent.
They werejudged to be an integrated set
of proceduralized actions.

2. Ensure 2 SRVs open CR - 1 minute I minute

3. Initiate ECCS system CR - 1 minute 1 minute
(per Table 8-1, 3 min. Total
Step Sb, a 1 min.
travel and
manipulation
time was
assumed for each

z action)
C
b
Q
N
|c

M %

b $
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Z - Table G.2.6.6 :c
E Diagnosas Time for Operator Action $
$
a
:= Action Maximien Time Total Action Time Available Counneents/

h (1) Available (T,) Time (T,) to Diagnosis (T,) Sourre of,

(2) (3) (4) Inferniationw
'

(5)

Diagnose need to go ECCS 23 minutes 3 minutes 20 minutes
water solid

Table G.2.6.7
Diagnosis Analysis'

t

i

i

Action Failure to - Skill-Based Astjusted/ Comments /
(1) Diagnose (3) Final HEP Source of Information

!(2) (4) (5)

O
L

Diagnose need to go Per Table 8-3, the lower bound Med. = 0.001 For this event, the ONEP has already beenw

ECCS water solid value from Figure 8-1 for 20 Mean = 0.0027 retneved and, on the basis ofinterviews,
*

minutes diagnosis time was operators have a clear understandmg of the
assigned procedure and the requirements. I.evel

control and core cooling is an obvious need in
this context and would fall into the " classic'

I category, per ASEP.

I

!

|

s

h

< -

.E

.
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< Tr ble G.2.6.8 -

{ Post-Diagnosis Action Type Identifiction per Step 10, Table Jt-1 of ASEP HRAP

Action Safety Systems Failed EOPs, Training, Individual Dynamic or Commets
(1) (2) Use EOPs Well Operator Must Step-by-Step Source of Infonnation

Designed EOPs 1% form Concurrent (5) (6)

0) Teb
(4)

Initiate N/A Actions clearly No Step-by-Step

ECCS specified by
water solid procedure.
operation. Interviews indicated

that the operators
were knowledgeable
about the need for
the actions and
requirements.

O
L
" Table G.2.6.9

Post-Diagnosis Stress-Level Identificationper Step 10, Table 8-1 of ASEP IIRAP

Action T <2h Recire. Phase More Than Two Operator Stress level Commmts/

(1) After IE in Safety Systems Familiar (6) Source of Information
(2) Large LOCA Fail W/ Sequence (7)

(3) (4) (5)

Initiate N/A' N/A No N/A Moderately Several systems available2

ECCS High and substantial time before

water solid core damage

' , At least moderately high stress was assumed for all events.
2 For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumr* . of extremely7

g high stress. Each human action event was examined as a function of the context.

O
a
:n :b
e E

:
- - _ _ - - - _ _ _



2 Table G.2.6.10 :c
E Total HEP $8
n-

y Action Original Independent Total HEP EF Conuments/
(1) Operator HEP Check /Cometion (4) (5) Source of Info %

-

*
(MEP ) HEP (6)

(2)* (HEP)
(3)

1. Diagnose Med. = 0.001 - Med. Mean (10)
0.001 0.0027

j Mean = 0.0027

! 2. Initiate ECCS water solid per Med. - 0.02 Credit for a second 0.02 0.032 ,QL The error factor associated
procedure. Mean = 0.032 check was not given 0.021 0.035 (5) with the domment HEP was

because of the time assigned,
limitations and because

j failures or problems in
closing MSIVs or
opening 2 SRVs would

Q have to be considered
k by operators in the same

;
time period i.e.,
OPMSV and OPISV.

#
o
.-
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<: Trble G.2.7,1
,

|
2. HEP 7 Cdculation

| *

Human Action Event (1) OPISV (I)

Event Tree (s) (2) E.EA,EP,EX

Initiators (3) RWC74. RWC26, TI, TIA5H, TIAF16, TIAF40, TIAF93, TAB 5H, TAB 39, TDB5H,
TSD5H, ElB5H, E2B5H, E2BF20, eld 5H, E2D5H. E2DF93, TORV5, TRPT5, ElV5H,
E2V5H, EIT5H E2T5H, TIOF5, TIHP5, TLM5H, TIOPS, TIOPF65

Sequence locator Files (4) OPECS&.EP, OPECSHY2.EP, OPECSHYD.EP, OPCSDCl2.EX, OPECSDC5.TIA.
OPECSDC9.TIA OPECSSDC. TAB, OPECSHYD.TDB, OPECSSDC.TDB,
OPECS9.T5D, OPECSRTE.T5D, OPECSSDC.ElB, OPECSRTE.ElB, OPECSSDC.E2B,
OPECSRTE.EID, OPECSRTE.E2D, OPECSRTE.TRV, OPECSHYD.TRV,
OPECSHY2.TRV, OPECSRTE.TRP, OPECSHYD.TRP, OPECSHY2.TRP,
OPECSLTRP, OPECS13.TRP, OPECSLP.TRP, OPECSSDC.TRP, OPECSADS.TRP,
OPECSADH.TRP, OPECSHPR.TRP, OPECSAD2.EIV, OPECSADH.ElV,
OPECS13.EIV, OPECSLPE.EIV, OPECSADF.ElV, OPECSALA.EIV,
OPECSHPR.ElV, OPECSAD2.E2V, OPECSADH.E2V, OPECSSDC.EIT,
OPECSDCF.EIT, OPECSHPR.EIT, OPECSLPE.EIT, OPECSL5.EIT,
OPECSSDC.E2T, OPECSHPR.E2T, OPRCSDC5.E2T, OPECSADH.TIF,o

L OPECSSDC.TIF, OPECSLP.TIF, OPECSLTIF, OPECSADH.TIH, OPECSSDC.TlH,
" OPECSLP.TIH, OPECSL.TIH, OPECSADH.TIO, OPECSSDC.TIO, OPECSADS.TIO,

OPECSADH.TLM, OPECSSDC.TLM, OPECSADS.TLM, OPECSLTLM,
OPECSLP.TLM, OPECSLHY.TLM, OPECSHYD.TLM

Event Description (5) OPISV asks whether the operators will proceed with the initiation of ECCS water solid
operation when only 1 SRV can be opened and the IDHR ONEP calls for 2 SRVs to be
opened. In essence, OPISV is the same decision and actions as OPECS (HEP 6), except
that only 1 SRV, rather than the two specified by procedure, will open. OPISV is asked
only in sequences where OPECS succeeds.

Event Context (6) The important constants for the OPISV (1) cd..htion (HEP 7) are that the control room
has diagnosed the loss or inadequacy of SDC (e.g., OPSDC succeeds or OPDHR
succeeds, but CDS fails), they have entered the ONEP for IDHR, they realize no normal
means of SDC are available (RHR (A) assumed not available per refueling outage
schedule), and they have decided to initiate ECCS water solid operation as directed by
procedure (OPECS succeeds). The IDHR ONEP directs the operators to open 2 SRVs

$ when initiating ECCS water solid operation. The issue is whether the operators will initiate
dg ECC3 water solid operation if only I SRV can be opened. OPISV is asked only in

a sequences where OPECS succeeds.
O
E8 Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-02-III-1), RHR SOI (04-1-01-E12-1), HPCS
b SOI (04-1-01-E22-1). %

0 $
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._____ ____ _____________ _ _________________ - ________ ___ _ _ __ _

Z Table G.2.7.2 :x:
E Sequence Timing and Indicatiom $
$
8
W Event / Occurrence Time (T ) Annunciator / Indication Conunents/
h (or most interest) Operator (3) Somre of

*

(1) Alerted Information
'e

(2) (4)

Deciding to proceed with O Control room is aware that normal SDC unavailable or
ECCS water solid inadequate. Ioss of systems were alarmed ONEP for
operation when only i IDHR directs the control room to use ECCS to go water
SRV is available. Some solid in this context. ONEP has been entered and the
form of SDC is needed. operators have decided to initiate ECCS water solid

operation. Reactor coolant temperature will be rising. The
control room gets feedback regarding the opening and
closing of valves.

Table G.2.7.3
g Potential Operator Action

h
Description Number of Activities (Tasks) Comments /

of Event Abnormal Events Required to Ptsform Source of Information
(1) (2) Action and Procedures (4)

(3)

No normal means of SDC is One Per IDHR ONEP (Step 5.1.3c) Where SDC(B) has failed, RHR(B)
available and level control is assumed unavailable. It was also
needed. He IDHR ONEP directs 1. - Check closed MSIVs assumed that at least initially, a
the operators to initiate ECCS - Ensure that two (one in low pressure injection system
water solid operation. Operators this case) SRVs are open would be preferable to high
have decided to go water solid, but - Increase RPV water level pressure system.
only 1 SRV is available. He with any available injection
question is whether they will system. In this context LPCI is initiated from 04-1-01-
proceed with the initiation of water LPCI (C) was assumed E12-1, Step 5.4.2.
solid operation if they cannot first choice if available,
match the ONEPs demand for 2 then HPCS. HPCS is init - si from 04-1-01-
SRVs E22-1, Step :i...

#
o
--

A



_.

< Tchle G.2.7.4
-- Time Available to Diagnow and Perform the Task

Action Time by Time at Which Maximum Comments /

(1) Which Operator Time Sourre of
Operator is Alerted that Available to Infonnation

M ust Symptom has Perform the (5)

Act (T,) Occurred (T,) Identified
(2) (3) Operator

Activities (T,)
(4)

Initiate ECCS water 23 minutes 0 23 minutes SEA Calculation C90-492-Ol-A16
solid operation with
only 1 SRV available. Note. There is clearly a dependency between OPECS and

This task must occur in OPISV. Essentially they constitute the r.ame action, but an
the same time frame additional diagnosis is involved in OPISV. Since OPISV is
allowed for OPECS. asked only when OPECS succeeds, it was decided that the
nat is, it must occur HEP for OPISV would be determined as if it wsre OPECS,

in the same 23 minutes. except for one difference. Five minutes less would be

[ Functionally, OPISV is available for the diagnosis because of the time lost in
OPECS, except that responding to the failure to get two SRVs open. It wew

only 1 SRV is assunni that the operators would make several attempts to
available. OPISV is get the second SRV open and would discuss the problem
asked only when among themselves before proceedmg.
OPECS succeeds.

2:
C
h
Q
f5
:n
i m
e 7
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2 Table G.2.7.5 :::
$ Operator Action Performance Time $
o
a
:= Activities 14 cation Travel Ibformance Total Action Comments /

h (1) (2) Time (T,) Time (T) Time (T,) Source of Information
(3) (4) (5) (6)

w

1. Check closed MSIVs CR - I minute 1 minute The critical actions for initiating ECCS
water solid operation were assumed to
be completely dependent. My were
judged to be an integrated set of
proceduralized actions.

2. Make several attempts to get CR 5 minutes 5 minutes Operators at GGNS i=We~i that
the second SRV open and proceedmg with ECCS water solid
discuss proceedmg with I operation with only one SRV would be a
SRV viable and likely option. W immediate

objective is to get some form of decay
heat removal operatmg and initiating
water solid operation with 1 SRV would

o provide core cooling.L
"

3. Ensure 1 SRV open CR - 1 minute 1 minute

4. Initiate ECCS system CR - I minute I minute
(per Table 8-1, 8 min. Total
Step 5b, a 1 min. action time
travel add
manipulation
time was
assumed for each

action)

o
.-



< Table G.2.7.6
. Diagnosis Time for Operator Action

Action Maximum Time Total Action Time Available Comments /

(1) Available(T ) Time (T ) to Diagnosis (T) Sourte of
" *

(2) (3) (4) Infonnation
(5)

Diagnose need to initiate 23 minutes 8 minutes 15 minutes

ECCS water solid
operation with only 1 SRV
open

Table G.2.7.7
Diagnosis Analysis

Action Failure to Skill-Based Adjusted / Comments /

(1) Diagnose (3) Final IIEP Source of Informationa
g (2) (4) (5)

Diagnose need to Per Table S-3, the median Median = 0.03 Operators at GGNS indicated hat proceedmgt

initiate ECCS water value from Figure 8-1 for 15 Mean = 0.08 with ECCS water solid operation with only
solid operation with minutes diagnosis time was one SRV would be a viable and likely option.

only 1 SRV open assigned (EF= 10) The immediate objective is to get some fonn
of decay heat removal operating and initiating
water solid operation with 1 SRV would
provide core cooling.

2
C
h
O
N
90
6 %

b h
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2 Ttble G.2.7.8
E Post-Diagnosis Action Type Identification per Step 10, Table 8-1 of ASEP HRAP $
$
Fi

{ Action Safety Systems Failed EOPs, Training, Individual Dynamic or Comments
g (1) (2) Use EOPs Well Operator Must Step-by-Step Source of Informationw Designed EOPs Perform Concurrent (5) (6)

(3) Teb
(4)

Initiate N/A Except for No Step-by-Step Actions are proceduralized.
ECCS proceeding with I
water solid SRV, the actions are
operation clearly specified by
with 1 SRV procedure.
available. Interviews indicated

that the operat<>rs
were knowledgeable
about the need for
the actions and
requirements.

h3

Table G.2.7.9
Post-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP HRAP

Action T <2h Recirt. Phase More Than Two Operator Stress Level Comments /
(1) AIter IE in Safety Systems Familiar (6) Sourte of Information

(2) Large LOCA Fail W/ Sequence (7)
(3) (4) (5)

Initiate N/A' N/A No' N/A Moderately Several systems available
ECCS High and substantial time before
water solid core damage

' At least moderately high stress was assumed for all events.

* For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of extremely
high stress. Each human action event was examined as a function of the context.

$
r
b



< Ttble G.2.7.10
S TotalIEP
u

Action Original Independent TotalIEP EF Cm _.:#

(1) Operator IEP Clwck/ Correction (4) (5) Source of Information

(IEP ) IEP (6)

(2)' (IEP,)
(3)

1. Diagnose Med. = 0.03 - Med. Mean (10)
0.03 0.08

Mean = 0.08

S' ee both HEPs contribute2. Initiate ECCS water solid as Med. = 0.02 Credit for a second 0.02 0.032 (5) m

directed by procedure, except Mean = 0.032 check was not given 0.05 0.112 (10) to the total HEP, the largest

that only 1 SRV is available. because of the time of the two EFs was
limitations and because Total Median assigned.

failures or problems in HEP = 0.05
closing MSIVs or
attempting to get 2 Total Mean HEP

O SRVs open would have = 0.112

$ to be considered by
operators in the same
time period i.e.,
OPMSV and OPISV.

2
C
h
O
Fi
N =6 7c
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2

h Table G.2.8.1
$ HEP 8 Calculation
5
N
b Human Action Event (1) OPHIS (1)
D

Event Tree (s)(2) E,EA,EP,EX,EAP,EAX

Initiators (3) All

Sequence 1.ocator Files (4) OPHIS occurs in all files in which OPECS occurs (too numerous to list). OPHIS follows OPECS in "E" type trees
and is dependent on actions taken in OPECS.

Event Description (5) OPHIS is the operator action to use HPCS for ECCS water solid operation.

Event Context (6) The important constants for the OPHIS (1) calculation (HEP 8) are that the operators have decided to initiate
ECCS water solid operation (OPECS succeeds). OPHIS must be accomplished in the same time period as OPECS
and includes deciding to use HPCS for water solid operation. Since OPHIS must be accomplished in the same time
period as OPECS (23 minutes), it was decided that OPHIS would succeal only when HPCS would be the only
available system for ECCS water solid operation. In other words, credit was not taken for both LPCI and HPCS in
OPECS. It was decided that the time available for OPECS was inadequate to align both LPCI and HPCS and still

o have " adequate" time for diagnosis. Thus, credit was taken for only one of the two systems in OPECS. A low
$ pressure system, i.e., LPCI, was assumed the system of choice, if available. If the accident sequence had rendered

LPCI unavailable, then HPCS was assumed the ECCS system of choice. When LPCI wu available, credit for
HPCS was taken elsewhere. OPHIS was only asked when OPECS succe%i_ OPHIS was set to fail (1.0) when|

LPCI was potentially available, but was set to succeed (0.0) when HPCS was the only available ECCS system.
Since detailed ASEP calculations were not required for HEP 8, Tables 8.2 through 8.9 were not included.

Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-02-111-1), RHR SOI (04-1-01-E12-1), HPCS SOI (04-1-01-E22-1).

Note. Tables 8.2 through 8.9 were unnecessary for HEP 8 and therefore were not included.

$
-.

A

_ _ . . _



< Table G.2.8.19
b Total HEP
.

Action Original Independent Total HEP EF Comments /

(1) Operator HEP Check / Correction (4) (5) Source of Infonmation
(HEP ) HEP (6)

(2)' (HEP)
- (3)

Initiate ECCS water solid Med. = 0.0 or 1.0 - Med. = 0.0 or 1.0 ASEP Table 8-1, Step 12.
operation with HPCS.

Mean = 0.0 or 1.0 Mean = 0.0 or 1.0 Failure or success of OPHIS
was determmed by potential
availablity of LPCI. See
rationale under Event
Context (6) in Table 8-1

,

(HEP 8).

O
b

z
C
b
Q
d
>d

b %

b C
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Z Table G.2.9.1 ::
E HEP 9 Calculation $
8
n
:n Human Action Event (1) OPMSV (1)
b
C Event Tree (s) (2) E, EA, EP, EX, EAP, EAX, HPSWR

Initiators (3) All

Sequence Locator Files (4)
~

OPMSV occurs in all files in which OPECS occurs (too numerous to list). OPMSV follows OPECS in "E" type
trees.

Event Description (5) OPMSV is the operator action to close open MSIVs.

Event Context (6) For the OPMSV (1) calculation (HEP 9),4.4 minutes were assumed available to close any open MSIVs and the
actions were assumed to have to occur in parallel with OPECS. Rese assumptions were made to ensure that for
OPMSV to be successful, it would have to occur prior to the initiation of an ECCS system for water solid
operation in OPECS. If the MSIVs were open, flooding could begin to occur down the open steam lines very
quickly when an ECCS system was initiated. Once flooding down open steam lines occurs, a different operator
action (OPSOF) is called. Using the ASEP method (specifically, ASEP Figure 8-1) and assummg it would take a
minute to close any open MSIVs, the mean failure probability with only 3 min. diagnosis tine is 1.0. Hus, in the

O *E" type trees, if the MSIVs were open, it was assumed that the operators would not close them before initiating
T ECCS water solid operation. Since detailed ASEP calculations were not required for HEP 9, Tables 10.1.9.2

,
through 10.1.9.9 were not included.

!

Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-02-III-1), RHR SOI (04-1-01-E12-1), HPCS SOI (04-1-01-E22-1).

Note. Tables 10.1.9.2 through 10.1.9.9 were unnecessary for HEP 9 and therefore they were not included.

i
l

o
-
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< Tchie G.2,9.10
E Total HEP
r

Action Original Independent Total HEP EF- Communts/
(1) Operator HEP Check / Correction (4) (5) Sourte of Fafennation

(HEP ) HEP (6)
(2)' (HEP)

(3)

Close any open MSIVs Med. = 1.0 - Med. = 1.0
before initiating ECCS
system for water solid Mean = 1.0 Mean = 1.0
operation.-

O
h

z
C .

b
O
8
:n
b Z

h

1
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z Tcble G.2.10.1 :::
E HEP 10 Calculation $
8
a
:n Human Action Event (1) OPECS (2)b
e Event Tree (s) (2) E, HPSWR

Initiators (3) T1-5, TIASH, TIAF16. TIAF40, TIAF93, TAB 5H TAB 39, T5A5H, TSAF19 TDB5H,
i T5D5H, ElB5H, E2B5 hue 2BF20, EIT5H, EIV5H, E2T5H, TRITS

Sequence Description Files (4) OPECS&.HPR, OPCSDCI1.TIA, OPECSDC4. TAB, OPECSDC9. TAB,
j OPECSDC9.TDB, OPECSHPR.EIB, OPECSHPR.E2B, OPECSHPR.TSA.

OPECSHPR.T5D, OPECSHYD.HPR, OPECSHPR.EIT, OPECSIIPR.EIV,
OPECSHPR.E2T, OPECSHPR.TRP

Event Description (5) OPECS is this case includes diagnosing the need to initiate ECCS water solid operation
and performing the relevant actions.

Event Context (6) h important constants for the OPECS (2) calculation (HEP 10) are that a LOSP has
occurred and the Division I and 2 diesel generators have failed to start. & HPCS diesel
is available. With the loss of both divisions of power, the operators would enter the ONEP

Q for loss of AC Power. Any operating SDC system (RHR/SDC or ADHRS) would fail and
$ the operators would be aware of the need for some form of SDC. With the loss of SDC,

the operators would need to enter the ONEP for IDHR. RWCU has been isolated. &
ONEP directs the operators to initiate ECCS water solid operation. Only HPCS would be
available.

Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-02-III-1, Rev.15), Loss of AC Power
ONEP (05-1-02-I-4, Rev. 20)

$.-

#
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< Tcble G.2.10.2
Sequence Timing and Indications.-

Event /O-me Time (T ) Annunciator / Indication Comments /
*

{ (of most interest) Operator 0) Source of
| (1) Alerted Information
| (2) (4)

I IDHR. Need for level O Loss of systems would be alarmed. In the context of being
control and cooling. in shutdown and the occurrence of a loss of AC power,

operators would be aware of the need for some form of
SDC. He ONEP for IDHR directs the control room to use
ECCS to go water solid in this context. He operators will
have to retrieve and enter the IDHR ONEP. Reactor
coolant temperature will be rising.

Table G.2.10.3
Potential Operator Action

O
6

Description Number of Activities (Tasks) C. -- - .:J"
-

of Event Abnormal Events Requistd to Perform Sourre of Information
(1) (2) Action and Procedures (4)

(3)

No normal means of SDC, level One-the loss of SDC is a result of Per IDHR ONEP (Step 5.1.3c) In the site interviews, the
control is needed, IDHR ONEP the loss of power. operators clearly indicated that
directs operators to initiate ECCS 1. - Check closa! MSIVs. HPCS would be initiated.
water solid operation. HPCS is the - Ensure that two SRVs are However, it is not explicitly called

only ECCS system available. open. by the procedure.
- Increase RPV water level

with any available injection
system. In this context
HPCS is the only ECCS
system available.

C
h
C
N
W

%

e E
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z Tr.ble G.2.10.4 :::
$ Time Available to Diagnose and Perform the Task y
M
9
n
:= Action Time by Which Time at M1ich Operator Maximum Time Available C-1 .~.a/k (1) Operator Must is Alerted that Symptom to Perform the Identified Source of InformationO Act (T ) has Occurred (T,) Operator Activities (T,) (5)

(2) (3) (4)

Initiate ECCS water 23 minutes 0 23 Minutes SEA Calculation C90-492-01-
solid operation. A16

Table G.2.10.5
Operator Action Perfonnance Time

_

Activities Location Travel Performance Total Action Comments /
(1) (2) Time (T,) Time (T) Time (T,) Source of Information

(3) (4) (5) (6)9
M l. Retrieve and Read ONEP for CR 5 minutes (Table 5 Minutes See HEP 1 (OPSDC (1)), same table,

IDHR 8-1, Step Sa) for rationale.

2. Check closed MSIVs CR - I minute I minute The three critical actions for initiating
ECCS water solid operation were

| assumed to be completely dependent.
They werejudged to be an integrated set
of proceduralized actions.

3. Ensure 2 SRVs open CR - 1 minute I minute

4. Initiate ECCS system CR - I minute 1 minute
(per Table 8-1, 8 min. Total,

| Step Sb, a 1 min.

| travel and
manipulation

| time was
assumed for each

action)

o
--

A

___
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< Ttble G.2.10.6
Diagnosis Time for Operator Action-

Action Maximum Time Total Action Time Available Cs. . 3/

(1) Available (T ) Time (T ) to Diagnosis (T) Source of
" *

(2) (3) (4) Information
(5)

Diagnose need to initiate 23 minutes 8 minutes 15 minutes

ECCS water solid
operation

Table G.2.10.7
Diagnosis Analysis

I Action Failure to Skill-Based Adjusted / Comments /

(1) Diagnose (3) Final HEP Soune of Infonnation
(2) (4) (5)a

h
Diagnose need to go Per Table 8-3, the median Median = 0.04 The median value from Figure 8-1 (as

ECCS water solid value from Figure 8-1 for 15 opposed to the lower bound value) was
minutes diagnosis time was Mean = 0.106 selected because the amount of practice given

assigned. the operators for a station blackout during
LPS conditions was not clear. In addition,
HPCS is not explicitly callaiin the
procedure.
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2 Tchle G.2.10.8 =
Nt-Diagnosis Action Type Identification per Step 10, Table 8-1 of ASEP HRAP $

Q
n
M Action Safety Systems Failed EOPs, Training, Individual Dynamic or Comments
h (1) (2) Use EOPs Well Operator Must Step-by-Step Source of Infonnation
w Designed EOPs Perfonn Concurrent (5) (6)

(3) Tub
(4)

|
Initiate N/A Actions clearly No Step-by-Step Clear procedures and HPCS
ECCS specified by is the only logical system
water solid procedure. available.
operation. Interviews indicated

! that the operators
were knowledgeable

; about the need for
i the actions and

requirements.

O

b
Table G.2.10.9

Nt-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP HRAP

Action T <2h Recire. Phase More Than Two Operator Stress Level Comments /
(1) AfterIE in Safety Systems Familiar (6) Sourte of Information

(2) Large LOCA Fail W/ Sequence (7)
(3) (4) (5)

Initiate N/A' N/A No*, the HPCS N/A Moderately HPCS is available and there
ECCS generator has started High is substantial time before
water solid core damage.

I ' At least moderately high stress was assumed for all events.
2

For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of extremely
high stress. Each human action event was examined as a function of the context.

<
S
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< Tame G.2.10.19
P- Total HEP
s

i Action Original ' " , _ _ Total HEP EF Commmement
"

i (1) Operator HEP CheddCometion (4) (5) Seuree ofInformenties
(HEP ) HEP (6)

(2)' (HEP),

- 0)

Med. Mean (10)1. Diagnose Med. - 0.04 -

0.04 0.106
Mean = 0.106

2. Initiate ECCS water solid Median = 0.02 Credit for a second LO2_.0,032 .LjL The error factor froen the
operation per pid e. Mean = 0.032 check was not given 0.04 0.138 (10) dominant HEP was used.

because of the time
limitations, the Total Median
additional concerns HEP = 0.04
facing the control room,
and because failures or Total Mean HEP

c problems in closmg = 0.138
h MSIVs or opemng 2

SRVs have to be
I considered by the

operators in the same
time penod i.e.,
OPMSV and OPISV.

Z
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Q
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Z Tehle G.2.11.1 :::
% HEP 11 Calculation $
0
a
:o Human Action Event (1) OPISV (2)

$ Event Tree (s)(2) E, HPSWR

Initiators (3) TI-5, TIA5H. TI AF16 TIAF40, TIAF93, TAB 5H, TAB 39. T5A5H, T5AF19, TDB5H, T5D5H,
ElB5H, E2B5H, E2BF26, EIT5H, EIV5H, E2T5H, TRPT5

Sequence Locator Files (4) OPECS&.HPR, OPCSDCI1.TIA, OPECSDC4. TAB, OPECSDC9. TAB, OPECSSDC9.TDB,
OPECSHPR.El B, OPECSHPR.E2B, OPECSHPR.T5A, OPECSHPR.T5D, OPECSHYD.HPR,
OPECSHPR.EIT, OPECSIIPR.ElV, OPECSHPR.E2T, OPECSHPR.TRP

Event Description (5) OPISV asks whether the operators will proceed with the initiation of ECCS water solid operation
when only 1 SRV can be opened and the IDliR ONEP calls for 2 SRVs to be opened. In essence,
OPISV is the same decision and actions as OPECS (HEP 10), except that only I SRV, rather than
the two specified by procedure, will open. OPISV is asked only in sequences where OPECS
succeeds.

Event Context (6) The important constants for the OPISV (2) calculation (HEP 11) are that a LOSP has occurred and
O the Division 1 and 2 diesel genentors have failed to start. The HPCS diesel is available. With the
b loss of both divisions of power, the operators would enter the ONEP for less of AC Power. Any

operating SDC system (RHR/SDC or ADHRS) would fail and the operators would be aware of the
need for some form of SDC. With the loss of SDC, the operators would need to enter the ONEP
for IDHR. RWCU has been isolated. The ONEP directs the operators to initiate ECCS w3ter solid
operation. Only HPCS would be available. The operators decide to initiate ECCS water solid
operation as directed by procedure (OPECS succeeds). The IDHR ONEP directs the operators to
open 2 SRVs when initiating ECCS water solid operation. The issue is whether the operators will
initiate ECCS water solid operation if only 1 SRV can be opened. OPISV is askal only in
sequences where OPECS succeeds

. Applicable Procedures (7) Inadequate Decay Heat-Removal ONEP (05-1-02-III-1), RHR SOI (04-1-01-E12-1), HPCS SOI
(04-1-Ol-E22-1), less of AC Power ONEP (05-1-02-I-4, Rev. 20).

#o
--

4
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< Table G.2.11.2
Sequence Timing and indications

Event / Occurrence Time (T ) Annunciator / Indication Commentsi
*

(of most interest) Operator (3) Source of

(1) Alerted Infonnation
(2) (4)

Deciding to proceed with O Control room is aware that normal SDC unavailable or
ECCS water solid inadequate. Loss of systems were alarmed ONEP for
operation when only 1 IDHR directs the control room to use ECCS to go water
SRV is available. Some solid in this context. ONEP has been entered and the
form of SDC is needed. operators have decided to initiate ECCS water solid

operation. Reactor coolant temperature will be rising. The
control room gets feedback regarding the opening and
closing of valves.

Table G.2.11.3
Potential Operator Actiong

6
De,cription Number of Activities (Tasks) Comments /

of Event Abnormal Events Required to Perform Source of Infonnation
(1) (2) Action and Procedures (4)

(3)

No normal means of SDC is One-the loss of SDC is a result of Per IDHR ONEP (Step 5.1.3c) In the site intemews, the

available and level control is the loss of power. operators clearly indicated that
needed. He IDHR ONEP directs 1. - Check closed MSIVs HPCS would be initiated.
the operators to initiate ECCS - Ensure that two (one in However, it is not explicitly called
water solid operation. Operators this case) SRVs are open by the IDHR ONEP.
have decided to go water solid, but - Increase RPV water level
only 1 SRV is available. The with any available injection HPCS is initiated from 04-1-01-
question is whether they will system. In this context, E22-1, Step 5.2.
proceed with the initiation of water HPCS was the only

c: solid operation if they cannot available system.

@ match the ONEPs demand for 2

9 SRVs
n
:c
6 |I:

b $
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r Table G.2.11.4 m
E- Tiene Available to Diagnose and Performs the Task .5

'
,

$
fg .

** Action Thee by Tinie at Which Maxinnan Casammends/b (1) Which Operator Thee Seeree of0 Operator - is Alerted that Available to Infonmation
Mint Sympteam has Perform the (5)

Act (T) Occurred (T,) Id,mairned

(2) (3) Operator
Activities (T,)

(4)

Initiate ECCS water 23 min. O minutes 23 min. SEA r .t t% C90-49241-A16.
solid operation with Note. There is clearly a deg==da=cy between OPECS and OPISV.
only 1 SRV Essentially they constitute the sene action, but an additional
available. This task ,

diagnosis is involved in OPISV. Since OPISV is =drari only whem
; umst occur in the OPECS succeeds, it was decided that the HEP for OPISV would

same time frame be deteramed as ifit were OPECS (HEP 10), except for one -
allowed for OPECS. difference. Five minutes less would be available for the ";- -- iThat is, it must bac==ae of the time lost in respondag to the failure to get twoQ occur in the same

k SRVs open. Operators would probably make several attempts to
23 minutes. get one more SRV open and would discuss ,,s--- - " ; with 1 SRV
Functionally, among each other. 'Ibe ===h== diagnosis vahme from ASEP was

,

I

OPISV is OPECS, used har== neither the use of HPCS nor g+- ; with 1 SRV
,

; "

except that only 1 are explicitly called out in the IDHR ONEP. The site interviews,

SRV is available. mdicated the operators would be likely to do both. The Ims of
OPISV is asked AC Power ONEP cleedy indic=aan the une of HPCS for imparenan
only when OPECS However, not sure hov ==ach practice is given for a station
succeeds blackout durmg LPS. Thus, the lower bound diagnosis vahme was

not used.

,

,

I
b
.
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< Tame G.2.11.5

{ Operator Acdon Ptrformanna Time >

r

Activities Location Travd Perfor- Total Action en--massat

(1) (2) Time (T,) Time (T) Thne (T) Seura ofInfenmaden
,

. O) (4) (5) (6)

1. Retrieve and Read CR 5 minutes, 5 minutes See HEP 1 (OPSDC (1)), same table , for ratsonale.
I ONEP for IDHR (ASEP Table 8-

1, Step 5a)

2. Check closed CR - 1 minute 1 minute The critical actsons for initiatmg ECCS weser solid

MSIVs operation were ======I to be Py W
'Ihey were judged to be an integrated set of
proceduralised actions.

3. Make several CR 5 minutes 5 minutes Operators at GGNS i=le=a=8 that r=--~-- - " ; with

attempts to get the ECCS water solid operation with only one SRV would
second SRV open and be a viable and likely option.1he ih objective
discuss proceeding is to get some form of decay heat reumal operstag
with 1 SRV and initiatmg water solid operation with 1 SRV woulda *

g provide core cooling.

4. Ensure 1 SRV CR - 1 minute I minute
open

5. Initiate ECCS CR - 1 minute 1 =i=9*e
system (per Table 8-1, 13 min. Total

Step Sb, a 1 min. action time ;

travel and
manipulation
time was
assumed for each -

action)

Z
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z Tr_hle G.2.II.6 ::
@ Diagnosis Time for Operator Action $
o
a
:c Action Maximum Time Total Action Time Available Comments /b (1) Available(T ) Time (T ) to Diagnosis (T) Source ofD " *

(2) (3) (4) Information
(5)

Diagnose need to initiate 23 minutes 13 minutes 10 minutes
ECCS water solid
operation with only 1 SRV
open

Table G.2.11.7
Diagnosis Analysis

Action Failure to Skill-Based Adjusted / Comments /
(1) Diagnose (3) FinalIIEP Source of Informationa

g (2) (4) (5)

Diagnose need to Per Table 8-3, the median Median = 0.1 Operators at GGNS inmeat~i that proceedmg
initiate ECCS water value from Figure 8-1 for 10 Mean = 0.27 with ECCS water solid operation with only
solid operation with minutes diagnosis time was one SRV would be a viable and likely option.
only 1 SRV open assigned (EF= 10) The immediate objective is to get some form

of decay heat removal operating and initiating
water solid operation with 1 SRV would
provide core cooling. They also indicated
HPCS would certainly be used.

--?
A



< Ttble G.2.11.8
Post-Diagnosis Action Type Identification per Step 10 Trble 8-1 of ASEP HRAP i

Action Safety Systems Failed EOPs, Training, Individual Dynamic or Comments

(1) (2) Use EOPs Well Operator Must Step-by-Step Source of Infonnation
Designed EOPs Perform Concurrent (5) (6)

(3) Tasks
(4)

Initiate N/A Except for No Step-by-Step Some fonn of SDC is

ECCS proceeding with I clearly called for and HPCS

water solid SRV, the actions are is the only available system.

operation clearly specified by
with 1 SRV procedure.
available. Interviews indicated

that the operators
were knowledgeable
about the need for
the actions and

[ requirements.
u

Table G.2.11.9
Post-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP llRAP

Action T <2h Recire. Phase More Than Two Operator Stress Level Comments /

(1) After IE in Safety Systems Familiar (6) Source of Information

(2) Large LOCA Fail W/ Sequence (7)

(3)- (4) (5)

Initiate N/A' N/A No', the HPCS N/A Moderately HPCS is available and there

ECCS generator is running High is substantial time before
water solid and the system is core damage

C available

$
k ' At least moderately high stress was assumed for all events.
:= 2 For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of extremely

Tb high stress. Each human action event was examined as a function of the context.
C h
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2: Table G.2.11.10 3:$ Total HEP $8
8
:= Action Original IW Total HEP EF Cece.unes/
h (1) Operator HEP Check /Cometion (4) (5) Sourte of Infonnationw (HEP ) HEP (6)

(2)* (HEP )
(3)

1. Diagnose Med. - 0.1 - Med. Mean (10)
O.1 0.27

Mean = 0.27

2. Initiate ECCS water solid as Med. - 0.02 Credit for a second 0,02 0,032 g)_ The EF froin the donanant
directed by procedure, except Mean = 0.032 check was not given 0.05 0.302 (10) HEP was assigned.
that only 1 SRV is available. because of the tinne

linnitations and because Total Median
failures or problems in HEP = 0.12
closing MSIVs or
attenpting to get 2 Total Mean HEP

O SEVs open would have = 0.302
h to be considered by

operators in the sarne
tinne pened i.e.,
OPMSV and OPISV.

I'
.-
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< TcNe G.3.12.1
9- HEP 12 Calculation
s

Human Actma Event (1) OPSOF (1)

Event Tree (s)(2) HPSWR

Initiators (3) TI-5, TIA5H, TIAF16. TIAF40, TIAF93, TAB 5H, TAB 39, TDB5H, ElB5H, E2B5H, E2BF20 T5A5H,
T5AF19 T5D5H

Sequence locator Files (4) OPECS&.HPR, OPCSDCll.TIA, OPECSDC4. TAB, OPECSDC9. TAB, OPECSDC9.TDB, OPECSHPR.ElB,
OPECSHPR.E2B, OPECSHPR.TSA, OPECSHPR.TSD, OPECSHYD.HPR

Event Description (5) OPSOF is the operator action to stop flooding through open main steam line(s).

Event Context (6) For the OPSOF (1) calculation (HEP 12), some form of a loss of power has occurrai and the diceel generator has
failed to start (DVl-2 fails). HPCS is available and the operators have initiated ECCS water solid operaten with
HPCS. One or more of the MSIVs are open and water is runmng down the steam line(s). 'Ibe operators nest
detect and termmate the flooding.

Applicable Prucedures (7) All operators would understand the need to stop flooding down the steam line(s). The k- L , - Decay Heat

o Removal ONEP (05-1-02-111-1) instructs the operators to check closed any open MSIVs when initiating ECCS

g{ water solid operation.

Z
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.
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E Table G.2.12.2 5
@ Sequence Timing and Indications
Pi
su

b Event / Occurrence Time (T,) Annunciator / Indication Comments /
'

O (of most interest) Operator (3) Sou m of
(1) Alerted Information

(2) (4)

Undesired flooding O For the situation where level is being increased for ECCS In the site interviews, operators
through open MSIVs water solid operation, the IDHR ONEP instructs the indicated they would definitely want
caused by intentional operators to check closed any open MSIVs. With the to stop flooding thmugh MSIVs.
initiation of an injection additional time, operators may recall or recheck the need to
system to increase level. close the MSIVs and would check status lights. For any

case, Imel 7 and 8 alarms may cue the operators to check
the position of MSIVs. Moreover, water flowing down the
steam lines into the Turbine Bldg. may be noticed. Could
get steam line drain valve alarms.

$ Table G.2.12.3
Potential Operator Action

t

Description Number of Activities (Tasks) C oen a uts/
of Event Abnormal Events Required to Perform Sourre of Information

(1) (2) Action and Procedures (4)
(3)

Operators are attempting to One The operators need to close
increase level for water solid MSIVs.

,

operation and would probably be
* bumping * HPCS to avoid rapid
filling of the vessel. They
inadvertently flood through open
MSIVs.

#
o
e
A
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I
|

< Tehie G.2.12.4
Time Available to Diagnose and Perform the Task

Action Time by Which Time at Which Operator Maximum Time Available Comments /

(1) Operator Must is Alated that Symptom to Perfonn the Identified Sourre of Information
Act (T,) has Octurred (T,) Operator Activities (T,) (5)

(2) (3) (4)

Detect the flooding or 20 minutes 0 20 minutes SEA Calculation C90-492-01-
the fact that the A16
MSIVs are open, and
stop the flooding
down the steam lines.

Table G.2.12.5
Operator Action Perfonnance Time

$ Activities Location Travel Performance Total Action Comments /

(1) (2) Time (T,) Time (T) Time (T,) Source of Information-

(3) (4) (5) (6)

Close MSIVs. Terminate CR - I minute I minutes Note that travel and manipulation (performance)
or at least suspend times in the control room were deternuned using
injection if necessary. ASEP Table

8-1, Step Sb, and are grouped under the
performance time column.

The actions involved in terminating injection and
closing the open MSIVs were assumed to be
completely dependent. Bumping of HPCS mayjust
be temporarily halted to reduce level and close
MSIVs.

Z
C
h
O
Ei
|c
6 :C

b $

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



. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ _ _ - _ _ _ __ __

y Table G.2.12.6 :c
g Diagnosis Time for Operator Action $
O
Pi

{ Action Maximum Time Total Action Time Available Commsents/
g (1) Available (T,) Time (T,) to Diagnosis (T ) Source d
" (2) (3) (4) Information

(5)

The operators need to 20 minutes 1 minute 19 minutes
diagnose the flooding down
the steam lines and the
need for its termination.

Table G.2.12.7
Diagnosis Analysis

Action Failure to Skill-Based Adjusted / Comments /
(1) Diagnose (3) Final HEP Source of Informationg

g (2) (4) (5)

Diagnose need to Per ASEP Table 8-3, the Med. = 0.01 The site mterviews indicated that the
terminate flooding median value from Figure 8-1 operators would understand the need to stop
down open MSIVs. for 19 minutes diagnosis time Mean = 0.027 the floodmg through open MSIVs.

was assigned.

<
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.
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< Table G.2.12.8
Post-Diagnosis Action Type Identification per Step 10, Table 8-1 of ASEP llRAP

i
~

Action Safety Systems Failed EOPs, Training, Individual Dynamic or Conunents

(1) (2) Use EOPs Well Operator Must Sttp-by-Step Sourte of Infonnation
Designed EOPs Perfoan Concurrent (5) (6)

(3) Tash
(4)

Close open N/A Interviews indicated No Step-by-step
MSIVs. that the operators
Ternunate were knowledgeable
injection as about the need for
needed. the actions.

_ _ _ _

Table G.2.12.9
Post-Diagnosis Stress-Levri Identificationper Step 10, Table 8-1 of ASEP IIRAPg

b!

Action T < 2h Recirc. Phase More Than Two Operator Strtss Level Comments /

(1) After IE in Safety Systans Familiar (6) Semre of Information
(2) Large LOCA Fail W/ Sequence (7)

(3) (4) (5)

tClose open - N/A' N/A No N/A Moderately Actions are straightforwan!
MSIVs. High and situation is not yet
Terminate critical.
injection as
needed.

' At least moderately high stress was assumed for all events.

2 For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of extremely
c high stress. Each human action event was examined as a function of the context.
E
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Z Table G.2.12.10 |I:
E Total HEP $8 ,

n
- |c Action Original Independent Total HEP EF Coenneents/f (1) Operator HEP Check /Corrution (4) (5) Source of

w (HEP ) HEP Infonnation
(2)' (REP,) (6)

(3)

1. Diagnosis Med. = 0.01 - Med. Mean (10)
0.01 0.027

Mean = 0.027

2. Terminate injection system and Med. = 0.02 Credit for a second OA 0.032 .f51 Second check HEPs5
close open MSIVs. Mean = 0.032 check was not given 0.03 0.06 (10) are multiplied by the

because of the other original HEP for
potential concerns of the Total Median each action.,

operators, e.g., the loss HEP = 0.03
of power, the failure of Since both HEPs
the diesel to start, the Total Mean HEP made significant

O impact of the initiator = 0.06 contributions to the
i etc. total HEP, the larger

'

of the two error j
factors was assigned. '

i
I
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< Tr.ble G.2.13.1
P- HEP 13 Cr_lculation
u

Human Action Event (1) OPECS (3)

Event Tree (s) (2) EA,EAP

Initiators (3) TI-5, TIA5H, TIAF16, TIAF40, TIAF93, EID5H, E2D5H. E2DF93

Sequence Locator Files (4) OPECSEQ9.EAP, OPCADH21.TIA, OPECSA12.EID, OPECSA07.E2D,

Event Description (5) OPECS is this case includes diagnosing the need to go ECCS water solid and performing
the relevant actions.

Event Contest (6) He important constants for the OPECS (3) calculation (HEP 13) are that the control room
has failed to diagnose the loss of SDC in 37 minutes, e.g., OPSDC fails). Rus, they have
failed to enter the ONEP for IDHR. Since 37 minutes have elapsed, the operators would
be very likely to check temperature and pressure on the chart ircorders in the 23 minutes
allowed for OPECS and they may receive additional alarms. However, the operators would
have to retrieve and read the IDHR ONEP and RHR SOI, perform a series of steps to
isolate the ADHRS and align LPCI(C) or (B) for injection (including a remote manual start

O of LPCI(C) or (B)), per RHR SOI 04-1-01-E12-1, Step 6.6 or 6.8 (" Abnormal
d Operations"), and perform the related actions for initiating ECCS water solid operation per

the IDHR ONEP.

Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-02-111-1, Rev.15), RHR SOI (04-1-01-E12-
1, Rev. 44)

Z
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z Table G.2.13.2 =
$ Sequence Timing and Indications $
E$

_ _ _ _ _ _ _ _ -

M Event /Os- . o.e Time (T ) Annunciator / Indication Comments /
b (of most interest) Operator (3). Source of

*

D (1) Alerted Information
(2) (4)

IDHR. Need for level O Loss of systems were alarmed and the operators should
control and cooling. accomplish periodic checks of temperature and pressure in

the new time available. A level 3 alarm may also occur in
this time period. Reactor pressure and coolant temperature
will be rising.

Table G.2.13.3
Potential Operator Action

Description Number of Activities (Tasks) Comments /

$ of Event Abnormal Required to Perform Sourre of Information
* (1) Events Action and Procedurrs (4)

(2) (3)

No normal means of SDC, One It was assumed that at
level control and vessel Per RHR SOI (Step 6.6 or 6.8) Manual realignment from ADHR to least initially, a low
cooling is needed, IDHR RHR C or RilR B pressure injection system
ONEP directs operators to would be preferable to
initiate ECCS water solid 1. Secure ADHRS (step 6.6.2.a (1-3) or step 6.8.2.a (1-3) high pressure system and
operation. 2. Align and start RHR C or B in LPCI mode (steps 6.6.2.b, (1-5) LPCIis referred to in

and 6.6.2.c,d,e,f or steps 6.8.2.b, (1-5) and 6.8.2.c,d,e,f ) IDHR ONEP. In addition,
the procedures for

Per IDHR ONEP (Step 5.1.3c) Initiate ECCS water solid op-ration initiation of LPCI instruct
the operators to secure

1. Check closed MSIVs ADHRS, the HPCS
2. Ensure that two SRVs are open procedmes do not.
3. Increase RPV water level with any available injection system. In

this context LPCI (C) or (B) was assumed first choice if available,
then HPCS.

i
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< Table G.2.13.4
- Time Ar-ilable to Diagnose and Perform the Task.

Action Time by Which Time at Which Operator Maximum Time Available Comments /

(1) Operator Must is Alerted that Symptom to Perform the Identified Source of Information

Act (T,) has Occurred (T,) Operator Activities (T,) . (5)

(2) (3) (4)
_

initiate ECCS water 23 minutes 0 23 Minutes SEA Calculation C90-492-01-

solid operation. A16
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ - .

2 Table G.2.13.5 :::
E Operator Action Performance Time $
o
8
:= Activities Location Travel Performance Total Action Comments /b (1) (2) Time (T ) Time (T) Time (T ) Sourte of Infonnation
C (3) (4) (5) (6)

' *

1. Since OPSDC failed, CR - 5 minutes (Table 5 minutes See HEP 1 (OPSDC (1)), same table,
operators still need to 8-1, Step 5a) for rationale.
retrieve and read IDHR
ONEP and RHR SOI

2. Secure ADHR, per CR - 1 - 5 minutes, O minutes Also note that travel and manipulation
RHR SOI procedure (step but can be done (performance) times in the control room
6.6.1 or 6.8.1) in parallel with were determined using ASEP Table

alignment and 8-1, Step 5b, and are grouped under the
start of LPCI performance time column.
(step 5 below).
Thus,
performance time
not included.

O
4 3. Check closed MSIVs CR - 1 minute, but can 0 minutes Steps 3 sad 4 are critical actions for"

be done in initiating ECCS water solid operation.
parallel with step They werejudged to be an integrated set
5 below. of proceduralized actions and were

assumed to be completely dependent.

4. Ensure 2 SRVs open CR - I minute, but in 0 minutes
parallel with step
5 below

5. Align and initiate LPCI CR - 15 minutes, 15 minutes From the control room, the actions
(C) or (B) per RHR Sol travel and 20 minutes required to align and initiate LPCI(C) or
(step 6.6.2 or 6.8.2) performance Total time for (B)(and isolate ADHR and perform

time. Estimated all actions. steps 3 and 4) would probably not
(Note. He procedure on basis of require 15 min. Hus, the obtained HEP
directs a " remote manual discussions with may be overly conservative. However,
start" of LPCI pump. In plant personnel. given that the operators have failed to
the original HEP recognize a loss of SDC in 37 min.
calculation, this action was (OPSDC fails) and must perform a set of
erroneously assumed to " abnormal procedures" to isolate ADHR
require a trip outside the and align LPCI(C) or (B) in this context,

< control room,
the value used may not be overly9-
conservative at all.

u



g Teble G.2.13.6
. Diagnosis Time for Operator Action

Action Maximum Time Total Action Time Available Comments /
,

! (1) Available(T ) Time (T ) to Diagnosis (T ) Sourte of
" '

(2) (3) * (4) Information
(5)

Diagnose need to initiate 23 minutes 20 minutes 3 minutes
ECCS water solid
operation.

Table G.2.13.7
Diagnosis Analysis

Action Failure to Skill-Based Adjusted / Comments /
(1) Diagnose (3) FinalIIEP Source of Information

(2) (4) (5)g

bi
Diagnose need to Per ASEP Table 8-3, the Med. = 0.4
initiate ECCS water median value from Figure 8-1 (EF= 10)
solid operation and for 3 minutes diagnosis time
determine what the was assigned. Given the failure Mean = 1.06 or 1.0
appropriate actions of OPSDC, in conjunction with
should be. the need to perform " abnormal

operations * from the RHR
SOI, the lower bound was not
judged to be appropriate.

2
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z Table G.2.13.8 =
E Post-Diagnosis Action Type Identification per Step 10, Table 8-1 of ASEP llRAP $
E!
8
g Action Safety Systems Failed EOPs, Training, Individual Dynamic or Comments
g (1) (2) Use EOPs Well Operator Must Step-by-Step Source of Information

Designed EOPs Perfonn Concurrent (5) (6)
w

(3) Tasks
(4)

Initiate Since diagnosis value is
ECCS equal to a failure probability
water solid of 1.0, the action HEPs are
operation. irrelevant.

Table G.2.13.9
Post-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP IIRAP

Action T < 2h Recire. Phase More Than Two Operator Stress Level Comments /
$ (1) After IE in Safety Systems Familiar (6) Sourte of Infonnation
o (2) Large LOCA Fail W/ Sequence (7)

(3) (4) (5)

Initiate Since diagnosis value is
ECCS equal to a failure probability
water solid of 1.0, the action HEPs are

irrelevant.

'
At least moderately high stress was assumed for all events.

2
For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of extremely
high stress. Each human action event was examined as a function of the context.

I
--
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< Tchte G.2.13.10
S Total llEP
u

Action Original Independent Total IIEP EF Comments /
(1) Operator ILEP Check / Correction (4) (5) Source of information

(IIEP ) IIEP (6)
(2)' (IIEP )

(3)

1. Diagnose Med. = 0.4 - Med. Mean (10)
0.4 1.0

Mean = 1.06

2. Initiate ECCS water solid per Not calculated given Total HEP = 1.0 (10)
procedure. diagnosis = 1.0

o
b

z
C
b
O
8

%
r E-
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z Tcble G.2.14.1 :::
E IIEP 14 Calculation $

| 5
n
:o Human Action Event (1) OPECS (7)
i
8 Event Tree (s)(2) EA,EAP

Initiators (3) TI-5, TIASH, TIAF16, TIAF40, TIAF93,

i

! Sequence Locator Files (4) OPECSEQS.EAP, OPCADH20.TIA

Event Description (5) OPECS is this case includes diagnosing the need to go ECCS water solid and performing
the relevant actions.

Event Context (6) The important constants for the OPECS (7) calculation (HEP 14) are that the control room
has successfully diagnosed the loss of ADHR (OPSDC succeeds) and have attempted to,

'

start SDC(B). SDC(B) fails to start. In some sequences a LOSP occurs, but the diesels
successfully start and load in all cases. With the success of OPSDC, the operators have
entered the ONEP for IDHR. To initiate ECCS water solid operation, the operators must

i
perform (or ensure that they have been performed during OPSDC) a series of steps to
isolate ADHR and align LPCI(C) or (B) for injection (including a remote manual start of

O
LPCl(C) or (B)), per RHR SOI 04-1-01-E12-1, Step 6.6 or 6.8 (" Abnormal Operations"),

O and perform the related actions for initiating ECCS water solid operation per the IDHR
ONEP. In aligning RHR/SDC(B) for SDC in this context, the procedures also instruct the
operators to isolate ADHR and place LPCI(C) on standby. However, given the failure of
SDC(B) to start, there is at least some probability that events may have precluded J1 steps
being completed. Thus, it was conservatively assumed that the relevant actions would have
to be carried-out in the time available for OPECS.

Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-02-111-1, Rev.15), RHR SOI (04-1-01-E12-
1, Rev. 44)

<o
-

k



< Tchle G.2.14.2
Sequence Timing and Indications

Event / Occurrence Time (T ) Annunciator / Indication Comments /
*

(of most interest) Operator (3) Somre of
(1) Alerted Information

(2) (4)

IDHR. Need for level O Loss of systems were alarmed and the operators are already
control and cooling. sware of the loss of SDC. In addition, the operators should

accomplish periodic checks of temperature and pressure in
the new time available. A level 3 alarm may also occur in
this time period. Reactor pressure and coolant temperature
will be rising.

Table G.2.14.3
Potential Operator Action

[ Description Number of Activities (Tasks) Comments /
of Event Abnormal Required to Perform Source of Information"

(1) Events Action and Procedures (4)
(2) (3)

No normal means of SDC, One It was assumed that at
level control and vessel Per RHR SOI (Step 6.6 or 6.8) Manual realignment from ADHR to least initially, a low
cooling is needed, IDHR RHR C or RHR B pressure injection system
ONEP directs operators to would be preferable to
initiate ECCS water solid 1. Secure ADHRS (step 6.6.2.a (1-3) or step 6.8.2.a (1-3) high pressure system and
operation. 2. Align and start RHR C or B in LPCI mode (steps 6.6.2.b, (1-5) LPCI is referred to in

and 6.6.2.c,d,e,f or steps 6.8.2.b, (1-5) and 6.8.2.c,d,e,f ) IDHR ONEP. In addition,
the procedures for

Per IDHR ONEP (Step 5.1.3c) Initiate ECCS water solid operation initiation of LPCI instruct
the operators to secure

1. Check closed MSIVs ADHRS, the HPCS

h 2. Ensure that two SRVs are open procedures do not.

@ 3. Increase RPV water level with any available injection system. In
Q this context LPCI (C) or (B) was assumed first choice if available,

Q then HPCS.
6 :C

b 5

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



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _

z Tr.ble G.2.14.4 :::
@ Time Available to Diagnose and Perfonn the Task $
o
a
;c Action Time by Which Time at Which Operator Maximum Time Available Conunents/
b (1) Operator Must is Alerted that Symptom to Perform the identified Source of Infonnation
D Act (T,) has Occurred (T,) Operator Activities (T,) (5)

(2) (3) (4)
.

Initiate ECCS water 23 minutes 0 23 Minutes SEA Calculation C90-492-01-
solid operation. A16

i

i
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< Toble G.2.14.5
E Operator Action Performance Time
u

Activities Location Travel Performance Total Action Comments /

(1) (2) Time (T,) Time (T) Time (T,) Source of Information
(3) (4) (5) (6)

1. Ensure that ADHR is CR - 1 - 3 minutes, O minutes Alm note tlat travel and manipulation
secured per RHR SOI but can be done (perfornumce) times in the control room
procedure (step 6.6.1 or in parallel with were determined using ASEP Table

6.8.1) alignment and 8-1, Step Sb, and are grouped under the
start of LPCI performance time column
(step 4 below).
Thus,
performance time
not included.

2. Check closed MSIVs CR - I minute, but can 0 minutes Steps 2 and 3 are critical actions for
be done in initiating ECCS water solid operation.
parallel with step They werejudged to be an integrated set
4 below. of proceduralized actions and were

$ assumed to be completely dependent.
m

3. Ensure 2 SRVs open CR - 1 minute, but in 0 minutes
parallel with step
4 below

4. Align and initiate LPCI CR - 15 minutes. 15 minutes From the control room, the actions

(C) or (B) per RHR SOI travel and 15 minutes required to align and initiate LPCI(C) or
(step 6.6.2 or 6.8.2) performance Total time for (B), isolate ADHR, and perform steps 3

time. Estimated all actions. and 4) would probably not require 15

(Note. He procedure on basis of min. Thus, the obtained HEP may be

directs a * remote manual discussions with somewhat conservative. (See comments
start" of LPCI pump. In plant personnel. in Column I, this table)

the original HEP
calculation, this action was
erroneously assumed to
require a trip outside the

C control room. Rus, the
y timing used in determining
a this HEP is likely to be
o somewhat conservative.

$ See comments in Column :::
I 6) Ew

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . . _ _ _ _
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2 Table G.2.14.6 ::
E Diagnosis Time for Operator Action $
$
s
M Action Maximum Time Total Action Time Available Comments /
h (1) Available (T,) Time (T,) to Diagnosis (T,) Source of
"

(2) (3) (4) Infonnation
(5)

Diagnose need to initiate 23 minutes 15 minutes 8 minutes
ECCS water solid
operation.

Table G.2.14.7
Diagnosis Analysis

Action Failure to Skill-Based Adjusted / Comments /
(1) Diagnose (3) Final HEP Source of Information

'

(2) (4) (5)g

$t

| Diagnose need to Per ASEP Table 8-3, the lower Median = 0.02 For this event, the relevant ONEP has been

| initiate ECCS water bound value from Figure 8-1 (EF= 10) retrieved and the operators have perfornuxi
solid operation and for 8 minutes diagnosis time correctly to this point. On the basis of

i

| determme what the was assigned. Mean = 0.053 interviews, the operators have a clear
| appropriate actions understandmg of the procedures and

should be. requirements.12 vel control and core cooling
are obvious needs in this context and the event
was judged to fall into the " classic" category

_ per ASEP.

#o
--
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< Tcble G.2.14.8
Post-Diagnosis Action Type Identification per Step 10, Table 8-1 of ASEP HRAP

Action Safety Systans Failed EOPs, Training, Individual Dynamic or Comments
(1) (2) Use EOPs Well Operator Must Step-by-Step Sourte of Information

Designed EOPs Perform Concurrent (5) (6)
(3) Teb

_
(4)

Initiate N/A Actions clearly No Step-by-step
ECCS specified by
water solid procedure.
operation. Interviews indicated

that the operators
were knowledgeable
about the need for
the actions and
requirements.

9
**

>

Table G.2.14.9
Post-Diagnosis Stress-level Identification per Step 10, Table 8-1 of ASEP HRAP

Action T < 2h Recire. Phase More Than Two Operator Stress level Comments /
(1) After IE in Safety Systems Familiar (6) Source of Information

(2) Large LOCA Fail W/ iequence (7)
(3) (4) (5)

Initiate N/A' No No N/A Moderately While a LOSP occurs at2

ECCS High some point in some
water solid sequences which use HEP

14, the diesels successfully
start and load in all cases.y

C
E ' At least moderately high stress was assumed for all events.

k2 For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of extrermly
:o high stress. Each human action event was examined as a function of the context.
& |c
b $
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2- Table G.2.14.10 Total HEP :::
E - $mo Action Original Independent Total HEP EF Comments /

.

Pi (1) Operator HEP Check / Correction (4) (5) Source of Information
'

y (HEP ) HEP (6)
g (2)' (HEP )

(3)w
_

l. Diagnosis Median = 0.02 - Med. Mean (10)
0.02 0453

Diagnose need to initiate ECCS Mean = 0.053
water solid operation and determine
relevant actions

2. Actions One of the actions in
Action I was originally

Initiate ECCS water solid per assumed to take place
procedure. outside the control room

and in the time
1. Isolating ADHR and Median = 0.02 available, credit for a Med. Mesa (5) Since it is possible that most
aligning LPCl(C) for injection second check did not 0.02 0.032 of Action I would already
were assumed to be completely Mean = 0.032 seem appropriate. See be acconylished by the time
dependent. "Ihey constitute an comment in Column 6. OPECS was asked, credit

9 integrated set of for a second check would
E proceduralized actions. However, given that have been appropriate ifit

many of the OPECS had not been assumed that
related actions were one of the actions was
assumed to occur in performed outside the
parallel with the action contml room.
outside the control room

2. OPECS actions (and therefore a lot of Note. Total HEPs are the
- open 2 SRVs time was assumed sum of the individual HEPs
- check closed MSIVs Median = 0.02 available for them), Med. Mean from the diagnosis and
- start LPCI(C) (EF = 5) credit for a second 0.004 0.01 L51 actions. Second check HEPs

check was given for 0.044 0.10 (10) are multiplied by the
(OPECS actions assumed Mean = 0.032 accomplishing those original HEP for that action.
completely dependent) actions.

Total median Since both the diagnosis and
Second check values for HEP = 0.044 action HEPs make
action 2 were: significant contributions to

Total mean HEP the Total HEP in this case,
Median = 0.2 = 0.10 the larger of the two EPs
(EF = 5) was assigned.

Mean = .323
<
o. Mean = 0.323
s.

., . . _ , . . - . - . . _ . - _ , . . _ _ _ _ - , . - - -_.,,. ,



< Tr.ble G.2.15.1
9- IIEP 15 Calculation
s

Human Action Event (1) OPISV (3)

Event Tree (s)(2) EA,EAP

Initiators (3) TI-5. TIA5H, TIAF16. TIAF40, TIAF93

Sequence Locator Files (4) OPECSEQ8.EAP, OPCADH20.TIA

Event Description (5) OPISV asks whether the operators will proceed with the initiation of ECCS water solid operation when only 1
SRV can be opened and the IDHR ONEP calls for 2 SRVs to be opened. In essence OPISV is the same decision
and actions as OPECS (HEP 14), except that only 1 SRV, rather than the two specified by procedure, will open.
OPISV is asked only in sequences where OPECS succeeds.

Event Context (6) The important constants for the OPISV (3) calculation (HEP 15) are that the control room has successfully
diagnosed the loss of ADHR (OPSDC succeeds) and have attempted to start SDC(B_). SDC(B) fails to start. In
some sequences a LOSP occurs, but the diesels successfully start and kud in all cases. With the success of
OPSDC, the operators have entered the ONEP for IDHR. To initiate ECCS water solid operation, the operators
must perform (or ensure that they have been performed during OPSDC) a series of steps to isolate ADHR and
align LPCI(C) or (B) for injection (including a remote manual start of LPCI(C) or (B)), per RHR SOI 04-1-01-
E12-1, Step 6.6 or 6.8 (" Abnormal Operations"), and perform the related actions for initiating ECCS water solidg

4, operation per the IDHR ONEP. (See OPECS (7), HEP 14 for more details on event context). The operators
decide to initiate ECCS water solid operation as directed by procedure (OPECS succeeds). He IDHR ONEPo
directs the operators to open 2 SRVs when initiating ECCS water solid operation. He issue is whether the
operators will initiate ECCS water solid operation if only 1 SRV can be opened. OPiSV is asked only in sequences
where OPECS succeeds.

Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-02-111-1), RHR SOI (04-1-01-E12-1), HPCS SOI (04-1-01-E22-1),
Loss of AC Power ONEP (05-1-02-1-4, Rev. 20).
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' 2 Tr.ble G.2.15.2 :::

E m a Timing and Indications $"

8
a
M Event / Occurrence Time (T ) Annunciator / Indication Comments /

h (of most interist) Operator (3) Source of
*

(1) Alerted Informationi w

(2) (4)

j Deciding to proceed with O Control room is aware that normal SDC unavailable or

,
ECCS water solid inadequate. Loss of systems were alarmed ONEP for

l operation when only i IDHR directs the control room to use ECCS to go water i

| SRV is available. Some solid in this context. ONEP has been entered and the
form of SDC is needed. operators have decided to initiate ECCS water solid

j operation. Reactor coolant temperature will be rising. He
| control room gets feedback regarding the opening and

[ closing of the SRVs. _

!

O

|

!

,

1

2
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< Table G.2.15.3
Potential Operator Action--

Description Nt mber of Activities (Tasks) Comments /

of Event Abnonnal Events Required to Perform Source of Information

(1) (2) Action and Procedures (4)
(3)

No normal means of SDC One Per RHR SOI(Step 6.6 or 6.8) Manual it was assumed that at least initially, a
,

is available and level realignment from ADHR to RHR C or RHR low pressure injection system would

control is needed. The B be preferable to high pressure system

IDHR ONEP directs the and LPCI is referred to in IDHR

operators to initiate ECCS 1. Secure ADHRS (step 6.6.2.a (1-3) or ONEP. In addition, the procedures for

water solid operation. step 6.8.2.a (1-3) initiation of LPCIinstruct the
Operators have decided to 2. Align and start RHR C or B in LPCI operators to secure ADHRS, the

go water solid, but only 1 - mode (steps 6.6.2.b, (1-5) and HPCS piuccd-s do not.-

SRV is available. *lhe 6.6.2.c,d.e,f or steps 6.8.2.b, (1-5)
question is whether they and 6.8.2.c,d,e,f )
will proceed with the
initiation of water solid Per IDHR ONEP (Step 5.1.3c) Initiate

$ operation if they cannot ECCS water solid operation
match the ONEPs demand-

for 2 SRVs 1. Check closed MSIVs
2. Ensure that two (one in this case)

SRVs are open
3. Increase RPV water level with any

available injection system. In this
context LPCI (C) or (B) was assumed ,.

'

first choice if available, then HPCS.

Z
C
b
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,

2 Tthie G.2.15.4 m
@ Time Available to Diagnose and Perform the Task $
$
n
:= Action Time by Time at Which Maximum Comments /
b (1) Which Operator Time Source of .!
O Operator is Alerted that Available to Infonnation

Must Symptom has Perform the (5) ,

Act (T,) Occurred (T,) Identified
(2) (3) Operator

Activities (T )~
(4),

Initiate ECCS water 23 min. O minutes 23 min. SEA Calculation C9(M92-01-A16
solid operation with '

only i SRV available. Note. There is clearly a dependency between OPECS and,

This task must occur in OPISV. Essentially they constitute the same action, but an
i the same time frame additional diagnosis is involved in OPISV. Since OPISV is -

,

allowed for OPECS. asked only when OPECS succeeds, it was decided that the i
That is, it must occur HEP for OPISV would be dimmed as ifit were OPECS

~

in the same 23 minutes. (HEP 14), except for one difference. It was assumed that '

y Functionally, OPISV is five minutes less would be available for the diagnosis
the same as OPECS, because of the time lost in responding to the failure to getw

; except that only 1 SRV two SRVs open. It was assumed that the operators would
is available. OPISV is make several attempts to get the second SRV open and t

asked only when would discuss the problem among themselves before
! OPECS succeeds. proceeding.

|

|

!
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< Tcble G.2.15.5
E. Operator Action Performance Time
s.

Activities Location Travel Performance Total Action Comments /
(1) (2) Time (T ) Time (T) Time (T ) Source of information

(3) ' (4) (5) (6)
*

1. Ensure that ADHR is secured per CR - 1 - 5 minutes, 0 minutes Also note that travel and manipulation
RHR SOI procedure (step 6.6.1 or but can be done (performance) times in the control room
6.8.1) ,

in parallel with were determined using ASEP Table
alignment and 8-1, Step Sb, and are grouped t:nder the
start of LPCI performance time column.
(step 5 below).
Hus,
performance time
not included.

2. Check closed MSIVs CR - 1 minute, but can 0 minute Steps 2,3 and 4 are critical actions for
be done in initiating ECCS water solid operation.
pr.rallel with step ney werejudged to be an integrated set
5 below. of proceduralized actions and were

assumed to be completely dependent.

3. Make several attempts to get the CR 5 minutes 5 minutes Operators at GGNS indicated that
a second SRV open and discuss proceeding with ECCS water solid
e proceeding with 1 SRV operation with only one SRV would be a

viable and likely option. He immediate"

objective is to get some form of decay
heat removal operating and initiating
water solid operation with 1 SRV would
provide core cooling.

4. Ensere 1 SRV open CR - I minute, but in 0 minute
parallel with step
5 below.

5. Align and initiate LPCI (C) or CR - 15 minutes, 15 minutes From the control room, the actions
(B) per RHR SOI (step 6.6.2 or travel and 20 mmutes required to align and initiate LPCI(C) or
6.8.2) performance Total time for (B) (and isolate ADHR and perform

time. Estimated all actions. steps 2 and 4) would probably not
(Note. He procedure directs a on basis of require 15 min. Thus, the obtained HEP
" remote manual start" of LPCI discussions with may be somewhat conservative.
pump. In the original HEP plant personnel.

z calculation, this action was
c erroneously assumed to require a
y trip oureide the control room. Hus,
ci the timmg used in determming this
8 HEP is likely to be somewhat
W conservative. See comments in
b Column 6) %

O h
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.__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

z Table G.2.15.6 :::

$ Diagnosis Time for Operator Action $
m
9 -

n
:n Action Maximum Time Total Action Time Available Comnwnts/
b (1) Available(T ) Time (T ) to Diagnosis (T) Source of
8 (2) (3) (4) Information

" *

(5)

Diagnose ne=xi to initiate 23 minutes 20' minutes 3 minutes
ECCS water solid
operation with only 1 SRV
open

Table G.2.15.7
Diagnosis Analysis

Action Failure to Skill-Based Adjusted / Comments /
(1) Diagnose (3) Final IIEP Source of Informadong

6 (2) (4) (5)
u

Diagnose need to Per Table 8-3, the lower bound Median = 0.15 Operators at GGNS indicated that proceedmg
initiate ECCS water value from Figure 8-1 for 3 Mean = 0.40 with ECCS water solid operation with only
solid operation with minutes diagnosis time was one SRV would be a viable and reasonable
only 1 SRV open assigned. (EF= 10) option. The immediate objective is to get

some form of decay heat removal operating
and initiating water solid operation with 1
SRV would provide core cooling.

<
o
e
4
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Ttble G.2.15.8<
9- Post-Diagnosis Action Type Identification per Step 10, Table 8-1 of ASEP HRAP

| *

Action Safety Systmis Failed EOPs, Training, Individual Dynamic or Conunents

| (1) (2) Use EOPs Well Operator Must Step-by-Step Source of Information
Designed EOPs Perform Concurrent (5) (6)

(3) Tasks
(4)

'

Imtiate N/A Except for No Step-by-Step Some form of SDC is

ECCS proceeding with I clearly indicatal and for the
water solid SRV, the actions are most part the actions are

operation clearly specified by proceduralizal.
with 1 SRV procedure.
available. Interviews indicated

that the operators
were knowledgeable
about the need for
the actions and
requirements.

G
$

Table G.2.15.9
Post-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP HRAP

Action T <2h Recirt. Phase More Than Two Operator Stress Level Comments /

(1) After IE in Safety Systems Familiar (6) Sourte of Information
(2) Large LOCA Fail W/ Sequence (7)

(3) (4) (5)

Initiate N/A' N/A No N/A Moderately Several systems are2

ECCS High available and there is

water solid substantial time before core
damage. Although a LOSP
occurs at some point in
some sequences which use
HEP 15, the diesels

$ successfully start and load
in all cases.y

9
9 ' At least moderately high stress was assumed for all events.
6 For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of extremely |r2

g high stress. Each human action event was examined as a function of the context. f

__________________- .__ _ -
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Z Tchie G.2.1510 ::
$ TotalID $
8
Pi
:o Action Original Independent Total HEP EF Comments /

| b (1) Operator HEP Check /Correcten (4) (5) Sourte of Information
3 (HEP ) HEP (6)

; (2)' (HEP )'

(3)"
__

l. Diagnosis Med. = 0.15 - Med. Mean (10)
! 0.15 0.4

Diagnose need to initiate ECCS Mean = 0.d
water solid operatior and determine
relevant actions

2. Actions One of the actions in Since it is possible that most
Action I was oripnally of Action I would already

Initiate ECCS water solid as assumed to take place be accomplished by the time
directed by procedure, except that outside the control room OPECS was asked, credit
only 1 SRV is available. and in the time for a second check ww.I

available, credit for a have been appropriate ifit
c 1. Isolating ADHR and Median = 0.02 second check did not Med. Mean had not been assumed that
g aligning LPCl(C) for injection Mean = 0.032 seem appropriate. See 0.02 0.032 (5) one of the actions was

were assumed to be comment in Column 6. performed outside the
completely dependent. They control room.
constitute an integrated set of However, given that
proceduralized actions. many of the OPECS Note. Total HEPs are the

related actions were sum of the individual HEPs
assumed to occur in from the diagnosis and

2. OPECS actions parallel with the action actions. Second check HEPs
- open 2 SRVs (One in this Median = 0.02 outside the control are multiplied by the
case) (EF = 5) room, credit for a 0.004 0.01 (3 original HEP for that action.
- check closed MSIVs second check was givea 0.174 0.44 (10)
- start LPCI(C) Mean = 0?32 for accomplishing those Since both the diagnosis and

actions. Total Median action HEPs make
(OPECS actions assumed HEP = 0.17 significant centributions to
completely dependent) Second check values for the Total HEP in this case,

action 2 were: Total Mean HEP the larger of the two EFs
= 0.44 was assigned.

Median = 0.2
(EF = 5)

Mean = .323<
2.-
#

.-



< Tchie G.2.16.1
E. - HEP 16 Calculation
a

Human Action Event (1) OPECS (8)

Event Tree (s)(2) EA,EAP

Initiators (3) TAB 5H, TAB 39,TDB5H, TSA5H, T5AF19, EID5H, E2D5H E2DF93.

Sequence Description Files (4) OPECSADH. TAB, OPECSADH.TDB, OPECS3.T5A, OPECSADH.EID,
OPECSADP.EID, OPECSADH.E2D

Event Description (5) OPECS is this case includes diagnosing the need to initiate ECCS water solid operation
and performing the needed actions.

Event Context (6) The important constants for the OPECS (8) calculation (HEP 16) are that the operators
have detected the loss of SDC (OPSDC succeeds). HPCS is the only available ECCS
system, and ADHR may need to be isolated from the control room. Closing of the 8 or 9
valve from the control room is adequate to isolate ADHR. With the loss of SDC, the
operators would need to enter the ONEP for IDHR. The ONEP directs the operators to
initiate ECCS water solid operation.

O
g Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-02-III-1, Rev.15), HPCS SOI (04-1-01-

E22-1, Rev. 44), Loss of AC Power ONEP (05-1-02-I-4, Rev. 20)

Z
C
b
Q
8
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'z Table G.2.16.2 :::
$ Sequence Timing and Indications $
o
Pi
:c EvenUCum ma Time (T ) Annunciator / Indication Co.,mm.;.J

h (of most interest) Operato'r (3) Source of
(1) Alerted Informationw

(2) (4)

IDHR. Need for level O Loss of systems would be alarmed in the context of being
control and core cooling. in shutdown the operators would be aware of the need for

some form of SDC and have already detected the loss of
normal SDC systems and entered the IDHR ONEP. He
ONEP for IDHR directs the control room to use ECCS to
go water solid in this context. Reactor coolant temperature
will be rising.

Table G.2.16.3
Pbtential Operator Action

O
6

Description Number of Activities (Tasks) Comments /
*

of Event Abnonnal Events Required to Perform Sourte of Information
(1) (2) Action and Procedures (4)

(3)

No normal means of SDC is One--the loss of SDC is a result of 1. Isolate ADHR from the control Isolation of ADHR is not directed
available. He IDHR ONEP directs the initiator. room (if necessary) by closing 8 or by procedure in this context.
operators to initiate ECCS water 9 valve. However, on the basis of
solid operation. HPCS is the only interviews with operators, it was
ECCS system available. 2. Per IDHR ONEP (Step 5.1.3c) clear that they would be aware of

the need to isolate the low pressure
- Check closed MSIVs. piping if necessary. In addition,
- Ensure that two SRVs are during the site interviews, the

open. operators clearly indicated that
- Increase RPV water level HPCS would be initiated.

with any available injection However, it is not explicitly called
system. In this context by the procedure.
HPCS is the only ECCS
system assumed available.

-
.
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. < Table G.2.16.4
! 2- Time Available to Diagnose and Perform the Task

u

Action Time by Which Time at Which Operator Maximum Time Available Comments /

(1) Operator Must is Alerted that Symptom to Perform the Identified Source of Information

Act (T,) has Occurred (T,) Operator Activities (T,) (5)

(2) (3) (4)

.

Initiate ECCS water 23 minutes 0 23 Minutes SEA Calculation C90-492-01-
A16solid operation.

Table G.2.16.5
Operator Action Performance Time

Activities Location Travel Performance Total Action Comments /

(1) (2) Time (T,) Time (T) Time (T,) Source of information
(3) (4) (5) (6)

o 1. Isolate ADHR from the control CR - 1 minute 0 minutes - if Per ASEP HRAP Table 8-1, Step Sb, a

g room (in most cases this action action 1 min. travel and manipulation time was

would already be accomplished by necessary, it assumed for each action.

the time the operators reached this was assumed to

point) be done in
parallel with
OPECS actions
listed below

2. Check closed MSIVs CR - I minute I minute He critical actions for initiatmg ECCS
water solid operation were assumed to
be completely dependent. Hey were
judged to be an integrated set of actions.

3. Ensure 2 SRVs open CR - 1 minute I minute

4. Initiate ECCS system (HPCS) CR - I minute I minute
(per Table 8-1, 3 min. Total

$ Step Sb, a i min. time for actions
:c travel and

$ manipulation
8 time was

y assumed for each
action)g

w
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z Ttble G.2.16.6 :::
$ Diagnosis Time for Operator Action $
6
a
:= Action Maximtun Time Total Action Time Available Comments /b (1) Available (T ) Time (T ) to Diagnosis (T ) Source ofe (2) (3) (4) information

* * '

(5)

Diagnose need to initiate 23 minutes 3 minutes 20 minutes
ECCS water solid

, operation

Table G.2.16.7
Diagnosis Analysis

Action Failure to Skill-Based Adjusted / Comments /
(1) Diagnose (3) Final HEP Source of Information

a (2) (4) (5)
.:

| 8
Diagnose need to go Per Table 8-3, the median Median = 0.01 The nnlian value from ASEP HRAP Figure
ECCS water solid value from Figure 8-1 for 20 8-1 was selected because the isolation of

| minutes diagnosis time was Mean = 0.027 ADHR and the use of HPCS is not explicitly
assigned. called out by procedure in this context. Site

interviews suggested that the operators would
perform these actions.

<o
--

A



< Ttble G.2.16.8
Post-Diagnosis Action Type Identification per Step 10, Table 8-1 of ASEP HRAP

Action Safety Systems Failed EOPs, Training, Individual Dynamic or Conunents

(1) (2) Use EOPs Well Operator Must Step-by-Step Source of Information
Designed EOPs Perfortn Concurrent (5) (6)

(3) Tasks
(4)

Initiate N/A Interviews indicated No Step-by-Step
ECCS that the operators
water solid were knowledgeable
operation. about the need for

the actions and
requirements.
Initiation of ECCS
water solid operation
is clearly indicated
by the IDHR ONEP
in this context.

.1.
._

Table G.2.16.9
Post-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP IIRAP

Action T < 2h Recire. Phase More Than Two Operator Stress Level Comments /

(1) After1E in Safety Systems Familiar (6) Source of Information
(2) Large LOCA Fail W/ Sequence (7)

(3) (4) (5)

2Initiate N/A' N/A No N/A Moderately HPCS is available and there
ECCS High is substantial time before
water solid core damage.

Z 'c At least moderately high stress was assumed for all events.
g2 For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of extremely

high stress. Each human action event was examined as a function of the context.

-
6 3:

b h
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2 Ttble G.2.16.10 :::

$ Total IEP $
8
a
:= Action Original Independent Total HEP EF Comments /
b (1) Operator IEP Check / Correction (4) (5) Source of Information
C (IEP ) IIEP (6)

(2)' (IEP )
(3)"

1. Diagnosis Med. = 0.01 - Med. Mean (10)
0.01 0.027

Mean = 0.027

2. Initiate ECCS water solid Median = 0.02 Credit for a second 0.02 0.032 R Since both the diagnosis and
operation per procedure (includes Mean = 0.032 check was not given 0.03 0.059 (10) action HEPs made
isolating ADHR if necessary). because of the time significant contributions to

limitations, additional Total Median the total HEP, the larger of
concerns which might HEP = 0.03 the two EPs was assigned.
be facing the operators
as a function of the Total Mean HEP

9 specific initiators, and = 0.059
~

o because failures or
problems in closing
MSIVs or opening 2
SRVs have to be
considered by the
operators in the same
time period i.e.,
OPMSV and OPISV.

#o
-

A
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Tchle G.2.17.1| <

| 9- HEP 17 Colculation
| *
|

| Human Action Event (1) OPECS (4)

Event Tree (s)(2) EA

Initiators (3) TAB 5H, TAB 39, TDB5H

Sequence 'wcator Files (4) OPECADH5. TAB, OPECSADH.TDB

Event Description (5) OPECS is this case includes diagnosing the need to go ECCS water solid and perfortatng

the relevant actions.

Event Context (6) The important constants for the OPECS (4) calculation (HEP 17) are that the control room
has failed to diagnose the loss of SDC in 37 minutes, e.g., OPSDC fails). Thus, they have
failed to enter the ONEP for IDHR. SDC (ADHR) has failed due to the loss of the only
available AC or DC bus. Since 37 minutes have elapsed, the operators would be very
likely to check temperature and pressure on the chart recorders in the 23 minutes allowed
for OPECS and they may receive additional alarms. However, the operators would have to
retrieve and read the IDHR ONEP and HPCS SOI, isolate ADHR (not explicitly directed

O by procedure to do so in this context), align HPCS for injection per HPCS SOI 04-1-01-

@ E22-1, and perform the related actions for initiating ECCS water solid operation per the
IDHR ONEP.

Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-02-III-1, Rev.15), HPCS SOI (04-1-01-
E22-1, Rev. 28)

2
C
h
O
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i z; Table G.2.17.2 :::
@ Sequence Timing and Indications $
6
Fi
:o Event /Ca- . oe Time (T ) Annunciator / Indication Comments /

{ b (of most interest) Operator (3) Sourte of
*

i O (1) Alerted Information
(2) (4)

IDHR. Need for level O Loss of systems were alarmed and the operators should
control and cooling. accomplish periodic checks of temperature and pressure in

the new time available. A level 3 alarm may also occur in
this time period. Reactor pressure and coolant temperature

| will be rising.
I

1

l

Table G.2.17.3
| Potential Operator Action

Description Number of Activities (Tasks) Comments /g
of Event Abnormal Required to Perform Source of Infonnation..

2 (1) Events Action and Procedures (4)
(2) (3)

No normal means of SDC, One Isolate ADHR to prevent overpressurizing low pressure piping (not
level control and vessel explicitly called by procedure)
cooling is needed. IDHR
ONEP directs operators to Per HPCS SOI (Step 5.2) Manual startup of HPCS system
initiate ECCS water solid Per IDHR ONEP (Step 5.1.3c) Initiate ECCS water solid operation
operation (not explicitly
directed to use HPCS). 1 Check closal MSIVs

2. Ensure that two SRVs are open
3. Increase RPV water level with any available injection system. In

this context HPCS is the only available ECCS system

$
.-
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< Teble G.2.17.4

{ Time Avr.ilable to Diagnose r.nd Perfonn the Task

Action Time by Which Time at Which Operator Maximtsn Time Available Co.iw~.;J
(1) Operator Must is Alerted that Symptom to Perform the Identified Sourre of Infonnation

Act (T ) has Occurred (T ) Operator Activities (T ) (5)
(2)* (3) (4)

* "

Initiate ECCS water 23 minutes 0 23 Minutes SEA Calculation C9(M92-01- j
solid operation. A16

Table G.2.17.5
Operator Action Performance Time

Activities Locatio Travel Performance Total Comments /
(1) n Time (T,) Time (T) Action Source of Information

(2) (3) (4) Time (T ) (6)
*

(5)

1. Since OPSDC failed, CR - 5 minutes (Table 5 minutes See HEP 1 (OPSDC (1)), same table, fora
a operators still need to retrieve 8-1, Step Sa) rationale.
8 and read IDHR ONEP and

HPCS SOI

2. Isolate ADHR (not explicitly CR - 1 minute I minute Given the failure of the operators to detect the
proceduralized) (Table 8-1, Step loss of SDC in 37 min. and the fact that isolating
Key is to close the 8 or 9 valve 5b) ADHR is not explicitly indicated by procedure,
to prevent overpressurization of the upper bound value for the diagnosis part of
the low pressure piping OPECS was used.

3. Check closed MSIVs CR - I minute I minute Steps 3 and 4 are critical actions for initiating
(Table 8-1, Step ECCS water solid operation. They werejudged
5b) to be an integrated set of proceduralized actions

and were assumed to be completely dependent.

| 4. Ensure 2 SRVs open CR - I minute I minute
(Table 8-1, Step
Sb)z

h 5. Align and initiate HPCS per CR - I minute I minute 'Ihe two critical steps required to start HPCS
g HPCS SOI (step 5.2). HPCS is (Table 8-1, Step 9 minutes injection when it was in standby were judged to
g not explicitly called by IDHR Sb) Total time for be completely dependent
;c ONEP, but use of any available all actions.
g ECCS system is indicated g
0 >

- -
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i

,

2: Table G.2.17.6 :z: .i

Q Diagnosis Time for Operator Action $;

m
9 -m,

,

4 n
:c Action Maximum Time Total Action Time Available C===== sal

( (1) Available (T,) Time (T,) to Diagnons (T) Source of
I

(2) (3) (4) Infon-mai==w

(5)

Diagnose need to initiate 23 minutes 9 minutes 14 minutes
ECCS water solid

'
operation.

Table G.2.17.7
Diagnosis Analysis i

i

Action Failure to Skill-Based Adjusted / Comments /
(1) Diagnose (3) Final HEP Source of Information

a (2) (4) (5) !
2.
8

Diagnose need to Per ASEP Table 8-3, the upper Med. = 0.4
initiate ECCS water bound value from Figure 8-1 (EF= 10) ;

i_ solid operation and for 14 minutes diagnosis time
,

'
[ determine what the was assigned. Given the failure Mean = 1.06 or 1.0

appropriate actions of OPSDC, in conjunction with j
should be. the non-proceduralized aspects ;i

of the diagnosis, the upper !
'

; bound wasjudged to be ' I

! appropriate.
?

I
+

-
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<
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- m+ Tchle G.2.17.8

E Post-Diagnosis Action Type Identification per Step 10, Table 8-1 of ASEP HRAP
a

Action Safety Systans Failed EOPs, Training, Individual Dynamic or Comments

(1) (2) Use EOPs Well Operator Must Step-by-Step Source of Information
Designed EOPs Perfonn Concurrent (5) (6)

(3) Tasks
(4)

Initiate Since diagnosis value is

ECCS equal to a failure probability

water solid of 1.0, the action HEPs are
irrelevant.operation,

Table G.2.17.9
Post-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP HRAP

Action T < 2h Recire. Phase More Than Two Operator Stress Level Comments /
g
4 (1) After IE in Safety Systems Familiar (6) Source of Information

S (2) Large LOCA Fail W/ Sequence (7)

(3) (4) (5)

Initiate Since diagnosis value is

ECCS equal to a failure probability

water solid of 1.0, the action HEPs are
irrelevant.

' At least moderately high stress was assumed for all events.
For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of extremely2

high stress. Each human action event was examined as a function of the context.

Z
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2 Tchle G.2.17.10 :::
tow EP $

Q
Pi
:o Acdon Original Independent Total HEP EF Co = = m e<1

'

b (1) Operator HEP Check /Comction (4) (5) Sourte of Information
O (HEP ) HEP (6)

(2)' (IEP )
(3)

1. Diagnose Med. = 0.4 - Med. Mean (10)
0.4 1.0

Mean = 1.06

2. Initiate ECCS water solid per Not calculated given Total HEP = 1.0
procedure. diagnosis = 1.0

9
5
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<: Table G.2.18.1
E- HEP 18 Calculation
u

Human Action Event (1) OPECS (9)

Event Tree (s) (2) E,EP

Initiators (3) RWC74, RWC26, TI-5, TIA5H. TIAF16, TIAF40, TIAF93, TDB5H, T5 ASH, T5AF19, T5D5H, ElB5H,
E2B5H, E2BF20, EITSH, E2T5H, ElV5H. E2V5H, TIOFS, TIHPS, TLMSH, TRPT5

Sequence Locator Files (4) OPECSSDC8.SDC, OPECSLP4.EP, OPCSEL32.TIA OPECSLP8.TIA, OPECSDC6.TIA, OPECSDCIO.TIA,
OPECSLTDB, OPECS4.T5A, OPECLAP.T5D, OPECSLEP.T5D, OPECSIO.T5D, OPECSDCO.ElB,
OPECSDC6.E2B, OPECSDCF.EIT, OPECSDC5.E2T, OPECSADF.EIV, OPECSADS.E2V, OPECSLHY.TLM,
OPECSLP.TIF, OPECSLP.TIH, OPECSLP.TLM, OPECSLP.TRP

Event Description (5) OPECS is this case includes diagnosing the need to initiate ECCS water solid operation and performing the
relevant actions.

Event Context (6) The important constant for the OPECS (9) calculation (HEP 18) is that the control room has failed to diagnose the
loss of SDC. The failure to recognize the loss of SDC can occur in either of two contexts. The first context is that
SDC(B) continues to run and the operators fail to recognize the need to provide level control to avoid a functional

O loss of SDC caused by inadequate circulation between the core and the downcomer regions of the RPV (OPDHR

@ fails). He inadequate circulation is due to a loss of CRD and/or RWCU and/or forced recirculation. RWCU has
auto-isolated in these sequences. He second context is that SDC(B) fails and the operators initially fail to
recognize the loss of SDC (OPSDC fails). Regardless, in both cases the E or EP tree is entered with the operators j

apparently unaware of the need for SDC. In OPECS (9) (HEP 18), the operators must recognize the loss of SDC |

and enter the IDHR ONEP. In either scenario, additional indicators would be present during the time allowed for
OPECS. The IDHR ONEP directs the operators to initiate ECCS water solid operation (LPCI, HPCS, or both are
available, depending on context).

Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-02-III-1), RHR SOI (Gi-1-01-E12-1), HPCS SOI (04-1-01-E22-1).
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2: Tchie G.2.18.2 :::
$ Sequence Timing and Indications y
o

h Event / Occurrence Time (T ) Annunciator / Indication C - --- --- / J
i (of most interest) Operator (3) Source of

*

8 (1) Alested Infonnation
(2) (4)

IDHR. Need for level O In addition to numerous alarms and indications which
contml and core cooling. would already be present, reactor temperature (and in some

cases pressure) will be increasing). The crew is required to
check the chart recorders every 30 minutes and with the
additional time available for OPECS, these checks should
occur. Furthermore, a low level alarm would also be likely
to occur during this period. The ONEP for IDHR directs
the control room to initiate ECCS to water solid operation
in this context.

Table G.2.18.3
o Potential Operator Action

O

Description Number of Activities (Tasks) Comments /
of Event Abnormal Events Required to Perform Source of Infonnation

(1) (2) Action and Procedures (4)
(3)

Inadequate decay heat removal. One Per IDHR ONEP (Step 5.1.3c) Where SDC(B) has failed, RHR(B)
The IDHR ONEP directs operators assumed unavailable. It was also
to initiate ECCS water solid - Check closed MSIVs assumed that at least initially, a
operation. - Ensure that two SRVs are low pressum injection system

open would be preferable to high
- Increase RPV water level pressure system. In some

with any available injection sequences, however, HPCS is the
system. In this context LPCI choice due to the initiator, e.g.,
(C) was assumed first choice TSA5H (loss of SSW).

| if available, then HPCS.
LPCI is initiated from 04-1-01-

| E12-1, Step 5.4.2.

HPCS is initiated from 04-1-01-<
o E22-1, Step 5.2.
#

_ _ _ _ _ _ _ _ _
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Tchie G.2.18.4i <
I E- Time Available to Diagnose and Perform the Task

a

'

I

! Action Time by WhicL Time at Which Operator Maximum Time Available Comments /

(1) Operator Must is Alerted that Symptom to Perform the Identified Source of Information'

Act (T) has Occurred (T,) Operator Activities (T,) (5)

(2) (3) (4)

_

Initiate ECCS water 23 minutes 0 23 Minutes SEA Calculation C90-492 01-
A16solid operation.

Table G.2.18.5
Operator Action Performance Time

Activities Location Travel Performance Total Action Comments /

(1) (2) Time (T,) Time (T) Time (T,) Source of Information
(3) (4) (5) (6)a

h 1. Retrieve and CR - 5 minutes (ASEP 5 minutes 5 minutes to retrieve and read ONEP is a conservative

read ONEP for Table 8-1, Step assumption given the trummy the operators receive.

Inadequate Sa) However, the delay seemed consistent with the * diversity of

Decay Heat activities" ongoing during LPS, which might delay control
Removal room response to some extent.

2. Check CR - I minute 1 minute The critical actions for initiating ECCS water solid operation

closed MSIVs were assumed to be completely dependmt. They were
judged to be an integrated set of actions.

3. Ensure 2 CR - I minute I minute Also note that per ASEP Table 8-1, Step 5b, a 1 min. travel

SRVs open and manipulation time was assumed for each action.

4. Initiate CR - I minute I minute
ECCS system (per Table 8-1, 8 min. Total

Step Sb

C

h
O
F5
|c

M Z

5 $
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z Table G.2.18.6 :::
@ Diagnosis Time for Operator Action s
o
a
:o Action Maximum Time Total Action Time Available Comments /
b (1) Available (T ) Time (T ) to Diagnosis (T,) Sourte of0 (2) (3) (4) Information

* *

(5)

Diagnose need to go ECCS 23 minutes 8 minutes 15 minutes
water solid

Table G.2.18.7
Diagnosis Analysis

Action Failure to Skill-Based Adjusted / Comments /
(1) Diagnose (3) FinalIIEP Source of Information

(2) (4) (5)

9
G Diagnose need to go Per ASEP Table 8-3, the Med. = OS$ For this event, the operators have failed to

ECCS water solid median value from Figure 8-1 diagnose the loss of SDC in spite of several
for 15 minutes diagnosis time Mean = 0.106 indications (OPSDC or OPDHR have failed).
was assigned. Given these previous failures, it wasjudged

that the lower bound diagnosis value would,

not be appropriate ev'en though the site
interviews indicated that the operators have a
clear understanding of the procedum and the
requirements.

o
-

A
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< Table G.2.18.8
Pbst-Diagnosis Action Type Identification per Step 10, Tchle 8-1 of ASEP HRAP

Action Safety Systems Failed EOPs, Training, Individual Dynamic or Conunents

(1) (2) Use EOPs Well Operator Must Step-by-Step Sourre of Infonnation
Designed EOPs Perform Concurrent (5) (6)

(3) Tasks
(4)

Initiate N/A Actions clearly No Step-by-Step

ECCS specified by
water solid procedure.
operation. Interviews indicated

that the operators
were knowledgeable
about the need for
the actions and
requirements.

9
C Table G.2.18.9

Post-Diagnosis Strrss-Level Identification per Step 10, Table 8-1 of ASEP HRAP

Action T <2h Recire. Phase More Than Two Operator Stress Level Comments /

(1) AfterIE in Safety Systems Familiar (6) Soune of Infonnation
(2) Large LOCA Fail W/ Sequence (7)

(3) (4) (5)

2Initiate N/A' N/A No N/A Moderdtely Several systems available

ECCS High and substantial time before

water solid core damage

' At least moderately high stress was assumed for all events.
For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of extremely2

7
g high stress. Each human action event was examined as a function of the context.

6
s
:c
6 %

b h

- - - - - - - - - - - - - - _ - - _ - - - - - - - - - - - - - - - - _ - - . ---_-_. .- . _- - - - - _ - - - _ - - - - - - - - - - - - - - -
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f Tr.ble G.2.18.10 :::z
$ Total IEP $m
O
F5
:o Action Original Independent Total IEP EF Comments /
b (1) Operator HEP Check /Cometion (4) (5) Source of
0 (IEP ) HEP Infonnation

| (2)' (HEP) (6)
(3)

1. Diagnosis Med. = 0.G8 - Med. Mean (10)
0.04 0.106

Mean = 0.106

2. Initiate ECCS water solid per Med. = 0.02 Credit for a second 0.02 0.032 (5) "Ihe error factor
procedure. Mean = 0.032 check was not given 0.06 0.138 (10) associated with the

because of the time dommant HEP was
limitations and because Total Median assigned.
failures or problems in HEP = 0.06
closing MSIVs or
opening 2 SRVs would Total Mean HEP

Q have to be considered = 0.138

{ by operators in the same
time period i.e.,
OPMSV and OPISV.

1

| <

.

|

1
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Table G.2.19.1<
9- HEP 19 Calculation
a.

Human Action Event (1) XTIEB

Event TrMs)(2) SDC, ADH, TIASH, TIAF16, TIAF40, TIAF93,

Initiators (3) TI-5, TIASH, TIAF16. TIAF40, TIAF93

Sequence Locator Files (4) OPXTIE.T1, OPXTIE.TIA

Event Description (5) XTIEB is the operator action to cross-tie the HPCS diesel generator (DG3) to provule power to train 2 systems.

Event Context (6) For the XTIEB calculation (HEP 19), a LOSP has occurred (and in some cases a loss of IA) and the backup diesel
generator fails to start (DVI-2 fails). 'Ibe HPCS system is unavailable and by procedure the operators are allowed
to cross-tie DG3 to train 2.

Applicable Procedures (7) Loss of AC Power ONEP (05-1-02-I-4)

9
:
w
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b
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z :::
@ Table G.2.19.2 $g Sequence Timing and Indications
R
M
b Event / Occurrence Time (T ) Annunciator / Indication Comments /
O (of most interest) Operator (3) Source of

*

(1) Alerted Infonnation
(2) (4)

An LOSP with a failure O The LOSP and the failure of the diesel to start will be In the site interviews the operators
of DG 2 to start. HPCS clearly indicated. The unavailability of HPCS could be indicated that the cross-tie would be
is unavailable. Operators determined in several ways. The loss of AC Power the obvious choice.
must diagnose and carry- ONEP, which will be entered, instructs the operators to
out the actions to cross- perform the cross-tie if HPCS is unavailable.
tie DG 3 to train 2.

Table G.2.19.3
Potential Operator Action

9
-
~

Description Number of Activities (Tasks) Comments /
of Event Abnonnal Events Required to Perform Source of Infonnation

(1) (2) Action and Procedures (4)
(3)

An LOSP with a failure of DG 2 One The operators need cross-tie DG 3
to statt. HPCS is unavailable. to train 2 and add the new loads.
Operators must diagnose and
carry-out the actions to cross-tie
DG 3 to train 2.

#
o
r
A

.



< Tchle G.2.19.4
Time Av:.ilable to Diagnose cnd Perform the Task

Action Time by Which Time at Which Operator Maximum Time Arailable Comments /

(1) Operator Must is AI - ' *-* Symptom to Perform the Identified Soutre of Information
Act (T,) has Occart 1 (T,) Operator Activities (T,) (5)

(2) s.5) (4)

-.

The operators need to 60 minutes 0 60 Minutes SEA Calculation C90-492-01-
diagnose the need to A16
perform the cross-tie.

Table G.2.19.5
Operator Action Performance Time

Activities "acation Travel Performance Total Action Comments /.

(1) (1) Time (T,) Time (T) Time (T,) Source of Informationa ,

2. (3) (4) (5) (6)
G

1. Perform the DG 3 to Outside CR 30 minutes 30 minutes On the basis of aw.samomuts taken at GGNS for
train 2 cross-tie NUREG/CR-4550, it was determmed that the

actions outside the control room would require
approximately 30 minutes.

Adding the new loads from the control room was
determined to require approximately 5 minutes.

Travel and performance times are grouped under
.the pes'ormance time column.

2. Add new loads CR - 5 minutes 5 minutes

Z
C
b
O
8
||c
dh 3:

b h
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Z Table G.2.19.6 :::

E Diagnosis Time for Operator Action $
$
n
W Action Maximum Time Total Action Time Available C. =-- :J

h (1) Arailable (T,) Time (T,) to Diagnosis (T) Source of
(2) (3) (4) Informationw

(5)

|
He operators need to 60 minuw 35 minutes Approx. 25 minutes

| diagnose the need to
'

perform the cross-tie.

( Table G.2.19.7
Diagnosis Analysis'

Action Failure to Skill-Based Adjusted / Comments /

(1) Diagnose (3) Final llEP Source of Information
a (2) (4) (5)
:
E

Diagnose need to Per ASEP Table 8-3, the upper Med. == 0.02 The site interviews indic= tai that the
perform cross-tie. bound value from Figure 8-1 operators are aware of the problem of concern

for 25 minutes diagnosis time Mean = 0.053 and have a clear understandmg of the
was assigned. requirements. He upper bound diagnosis

value was used to stay consistent with
NUREG/CR-4550 which indienta_i inadequate
practice of the scenario.

#o
--

A
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< Table G.2.19.8
Post-Diagnosis Action Type Identification per Step 10, Table 8-1 of ASEP IIRAP

Action Safety Systems Failed EOPs, Training, Individual Dynanuc or Comments

(1) (2) Use EOPs Well Operator Must Step-by-Step Source of Information
Designed EOPs Perform Concurrent (5) (6)

(3) Teb
(4)

Perform N/A Interviews indicated No Step-by-step Procedure is
cross-tie that the operators straightforward.
and add were knowledgeable
loads. about the need for

the actions.

Table G.2.19.9
Post-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP IIRAP

9
-

E Action T < 2h Recire. Phase More Than Two Operator Stress Ixtel Comments /

(1) After IE in Safety Systems Familiar (6) Source of Information
(2) Large LOCA Fail W/ Sequence (7)

(3) (4) (5)

2Perform N/A' N/A No N/A Moderately Substantial time before core

cross-tie High damage.

and add
kuds.

' At least moderately high stress was assumed for all events.
2 For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of extremely

high stress. Each human action event was examined as a function of the context.

Z
C

Q
8
|c

b
e f

- _ _ _ - - _ - - _ - _ ____- _ _ -



_ _______________ _-______________ .__ __ _ _ _ _ - - _ _ _ _ - - - -

|

|

r :2: . Tr.ble G.2.19.10 :::
!

% Total IEP $
. 8
! a

:o Action Original Independent Total IEP EF Comments /;

! b (1) Operator HEP Check / Correction (4) (5) Sourre of
O (HEP ) HEP Information,

(2)' (HEP,) (6)
i

(3)

1. Diagnosis Med. = 0.02 - Med. Mean (10)
0.02 0.053

Mean = 0.053

2. Perform cross-tie Med. = 0.02 Credit for a second check was given 0.004 0.01 Second check HEPs
Mean = 0.032 because of the criticality of the task. are multiplied by the

HEPs for failure to provide a second original HEP for
check were: each action.

Med. = .2

9 Mean = .323
U
O 3. Add loads Med. = 0.02 Given the pressing need to restore the 0.0(M 0.01 f5)_ Since both the

Mean = 0.032 loads and the presence of procedures 0.028 0.073 (10) diagnosis and action
to guide the restorations, credit for a HEPs made
second check was given. HEPs for Total Median significant
failure to provide a second check HEP = 0.028 contributions to the
were: total HEP, the larger

Total Mean HEP of the error factors
Med. = .2 = 0.073 was assigned.

Mean = .323

#
o
--

A



a: Toble G.2.20.1
P- HEP 20 Calculation
u

Human Action Event (1) OPSDC (3)

Event Tree (s)(2) SDC, ADH, TIA5H. TIAF16, TIAF40 TIAF93, ElB5H, E2B5H E2BF20, EID5H, E2D5H, E2DF93, T5DSH,
S3-5, S3H-5, E2V5H, E2T5H

Initiators (3) TI-5, TIASH, TIAF16. TIAF40, TIAF93, T5DSH, ElB5H, E2B5H, E2BF20. EID5H, E2D5H E2DF93,
EIT5H, EIV5H, S3-5, S3H-5, E2V5H, E2T5H. TIOF5, TlHP5, TIOP5, TIOPF65, TlliSH, TRPT5

Sequence Locator Files (4) OPXTIE.T1, OPXTIE.TIA, OPSDC.E2B, OPSDC.T5D, RESB.ElB, RESAD.EID, OPSDCADH.E2D,
OPSDC.T5D, RESC.EIT, RESC.ElV, OPSDC.E2T, OPSDC.E2V, OISSLS35, OISSLS3H, OPSDC.TIF,
OPSDC.TIH, OPSDC.TIO, OPSDC.TLM, OPSDC.TRP

Event Description (5) OPSDC in this case includes the control room crew diagnosing the loss of SDC, realizing that SDC(B) will auto-
isolate on high pressure (135 psi) when the cross-tie of the HPCS diesel generator to train 2 is completed, and
entering the Inadequate Decay Heat Removal ONEP.

Event Context (6) For the OPSDC (3) calculation (HEP 20), a LOSP has occurred and the available diesel generator (DG 2) has
failed to start. HPCS is unavailable and the operators are attempting to cross-tie DG 3 to train 2. SDC has been

O lost and the operators must realize that SDC(B) will auto-isolate on high pressure when the cross-tie is completed

$ and therefore will not be available. If the operators fail to make this diagnosis, they may fail to realize the need to
enter the IDHR ONEP and initiate ECCS water solid operation (OPECS). OPSDC and OPECS must occur more
or less in parallel with the cross-tie (XTIEB). Thus, a failure to make the correct diagnosis in OPSDC is assumed
to fail OPECS because the operators may waste the time available for initiating ECCS water solid operations if
they assume SDC(B) will be available.

OPSDC in this context constitutes a diagnosis action only and with the time available (37 min.), the ASEP method
gives an HEP of 0.01. However, on the basis of the limited indicators avadable to the operators and on the results
of the site interviews with the operators, the PRA/HRA analysts did not have much confidence in the validity of
the obtained HEP. Based on "engineeringjudgment", a very conservative HEP of 0.6 was assigned for OPSDC in
this case. This value was basically a screening value and when the sequences askmg XTIEB and OPSDC were
quantified with this value, none survived. Thus, a more realistic value for OPSDC in this context was not needed.
Since the detailed ASEP calculations were not relevant for HEP 20, Tables 10.1.20.2 through 10.1.20.9 were not
included.

Z Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-020-111-1), Residual Heat Removal SOI (04-1-01-E120-1)
c
E
o Note. Tables 10.1.20.2 through 10.1.20.9 were unnecessary for HEP 20 and therefore were not included.
n
|2
dx %

b
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Z TcNe G.2.20.10 :c
h Total HEP g
8.

8
g Action Original Independent Total HEP EF Can===Ws/
g (I) Operator HEP Check / Correction (4) (5) Source of Infonnation

(HEP,) HEP (6)
w

(2) (HEP,)
(3)

OPSDC in this case consists only Mean= 0.6'

Mean = 0.6-

of a diagnosis. See Table G.2.20-
1, for the rationale for the
assignment of a mean HEP value
of 0.6.

9
n
w

O
-
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< Ttble G.2.23.1
E HEP 23 Calculation
u

Human Action Event (1) OPLEC, LCHPC (1), LC-LP (1)

Event Tree (s) (2) R RA,RP, RAP

Initiators (3) All transients

Sequence Locator Files (I) All files beginning with OPLEC, e.g., OPLECRAP.EID

Event Description (5) OPLEC is the operator action to initiate an ECCS system for refill to control level. LCHPC and LC-LP are
operator actions to control HPCS or LP-Cl, respectively, once they have been initiated in order to avoid overfill or
overpressurization of RHR/SDC components.

Event Context (6) For the scenarios for which HEP 23 applies, OPLEC is completely dependent on OPDHR. OPDHR is the operator
action to control level and OPLEC had to occur in the same time period as OPDHR (10 minutes). If CDS was
unavailable and OPDHR n-W, then OPLEC succeeded (OPLEC set to 0). He assumption was that if CDS
was not available, then the operators would attempt to use an ECCS system to control level However, if CDS was
available, it was assumed that the operators would attempt to use CDS to control level and OPLEC was set to fail
(1.0). Credit was not taken in OPDHR-OPLEC for both CDS and a ECCS system. With only 10 minutes available

[ for the diagnosis and action, credit for the initiation of only one system was taken.

C$
If OPLEC succeeded and the system used was HPCS, then LCHPC was asked. If LPCI was used, then LP-LC
was asked. The question was whether the operators would in fact control level and not let the system overfill or
ovespressurize once they had initiated HPCS or LPCI to control level. LPHPC and If-LP were judged to be
completely dependent on OPLEC in the sense that if OPLEC succeeded, then LPHPC or LC-LP would succeed.
Given that the operators had decided to use an ECCS system, it was assumed that they would control level. He
operators are aware of the injection rates of the ECCS systems and it was assumed that they wuld notjust walk
away and forget to control level after initiating one of these systems. Since detailed ASEP calculations were not
required for HEP 23, Tables 10.1.23.2 through 10.1.23.9 were not included.

Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-02-111-1), RHR SOI (04-1.Ol-E12-1), HPCS SOI (04-1-01-E22-1),
EP-2 (RPV Control, Rev.19).

Note. Tables 10.1.23.2 through 10.1.23.9 were unnecessary for HEP 23 and therefore were not included.
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z Table G.2.23.18 :r:
E Total HEP $ .m
'O
Pi
:c Action Original Independent Total HEP EF Con d
b (1) Operator HEP Check /Cornetwo (4) (5) Source ofInfo%
O (HEP ) HEP (6)

(2)' (HEP )
3 (3)

_

Initiate an ECCS system - If OPDHR succeeds and ASEP Table 8-1, Step 12.
foi level control CDS not asked, then

'

(OPLEC) and control OPLEC = 0(success). See Event Context (6)in ,

level to avoid overfill or If CDS was asked, then Table 23-1 (HEP 23).
overpressurization OPLEC = 1.0 (fails), i
(LPHPC and|

'

.!LP-LC). If OPLEC succeeds, the
LPHPC or LC-C#
succeeds I

(HEP = 0) ,

9'

m \

u

, i

!

|
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< Tchie G.2.25.1
C. HEP 25 Cticulation
s

Human Action Event (1) OPVNT

Event Tree (s)(2) EC,ECP,EX,ECX,FCAC

Initiators (3) All initiators (Transients and LOCAS)

Sequence locator Files (4) All files begmning with OPICT, e.g., OPICTE.EIT, with the exception of files labeled OPICTCAU, e.g., ;

OPICTCAU.TIF

Event Description (5) OPVNT is the operator action to vent contamment.

Event Context (6) For OPVNT (HEP 25), the operators have successfully initiated ECCS water solid operation to prtmde SDC.
However, SPC and CS have failed and eventually containment pressure and temperature will begin to rise. The
operators will need to vent to remove heat beudup in containment, if possible. As containment pressure meresses,
the operators will enter EP-3, (Contamment Control) and venting will eventually be iadW

.

Note 1. Venting requires both trains of power and IA to be available. For sequences where this was not the case,
OPVNT was assumed to fail (HEP = 1.0).

O

h Note 2. In FCAC tree, OPVNT has 54 hours available. Since this exceeds the mission time of 24 hours, the
relevant sequences did not need to be quantified any further.

'

Applicable Procedures (7) EP-3 (Containment Control),05-S-01-EP-2 (Attachment 13, Containment Venting), Inadequate Decay Heat

Removal ONEP (05-1-02-III-1).-
e

#
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2 :I:
$ Table G.2.25.2 y
@ Sequence Timing and Indications
8
:e
b EvenUOsm.n.ce Time (T ) Annunciator / Indication Comments /
6 (of most interest) Operator (3) Source of

*

(1) Alerted Information
(2) (4)

Operators have initiated O With the failure of SPC and CS under water solid
ECCS water solid operation, the operators will be monitoring containment
operation. Inadequate SP conditions. Cnntain-t temperature and pressure will be
cooling results in heat monitored, along with SP and drywell temperature. These
buildup in containment, indicators will lead the operators to enter EP-3.
leading to the need to
vent containment.

Table G.2.25.3
a Pbtential Operator Action
.:.
M

Description Number of ' Activities (Tasks) Comments /
of Event ' Abnormal Events Required to Perform Sourre of Information

(1) (2) Action and Procedures (4)
(3)

With no SP cooling or CS under One The operators will follow 05-S-01-
water solid operation, containment EP-2 (Attachment 13, Contamment
venting is needed to reduce Venting), which directs the
temperature (heat buildup) in operators tojumper four relays to
containment. defeat the vent path isolation

interlocks (two are located in the
main control mom and two in the
upper control room) and then open
6 valves from the main control
room.

m
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Tchie G.2.25.4<
9- Time Available to Diagnose and Perform the Task
u

Action Time by Which Time at Which Operator Maximum Time Available Comments /

(1) Operator Must is Alerted that Symptom to Perfonn the identified Source of Information

Act (T,) has Occurred (T ) Operator Activities (T ) (5)
* "

(2) (3) (4)

ne operators need to 11 hours Approximately 1.5 to 2 hours 9 hours SEA Calculation C90-492-Ol-

diagnose the need to before indicators for entering A16
vent containment. EP-3 would be reached. ,

Table G.2.25.5
Operator Action Performarxe Time

Activities Location Travel Performance Total Action Comments /

(1) (2) Time (T ) Time (T) Time (T ) Soune of Information
' *

(3) (4) (5) (6)

O
.L 1. Jumpering relays and opening valves to Main and - - Travel and
t$ vent. upper performance time was

control conservatively
estimated to beNote. In scenarios where a LOCA signal rooms.

has occured, IA would have to be approximately one
:-stored. It was assumed that if the hour (power is
operators decided to vent in these available).
scenarios, they would restore IA if
neccessary. More than adequate time 1 bour
would be available.

In worse - 4 hours 4 hours ne time assumed to be
2. Accomplish potential actions required case, actions 5 hours total action required for OPSPM and
for dumping SPMU for SP cooling could be time SPMKP is very
(OPSPM) and providing additional makeup required conservative. Given the
either to SPMU or directly to the SP outside CR generally long time frame

(SPMKP). for OPVNT, OPSPM, and

Z Note. De actions for OPSPM and SPMKP, substantial

% SPMKP had to be accomplished in the diagnosis time will be
m same time period as OPVNT. Hus, the available.
9 time estimated to be required for these

h events was subtracted from the time
& available for OPVNT |z:

b h
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z Tcble G.2.25.6 :::
$ Diagnosis Time for Operator Action f
$
a
:= Action Maximum Time Total Action Time Available Comments /
b (1) Available(T ) Time (T ) to Diagnosis (r) Sourte of
0 (2) (3) (4) Information

" *

(5)

The operators need to 9 hours 5 hours Approx. 4 homs
diagnose the need to vent
containment.

Table G.2.25.7
Diagnosis Analysis

Action Failure to Skill-Based A(justed / Comments /
(1) Diagnose (3) FinalIIEP Source of Infonnation

a (2) (4) (5)
.'
S$

Diagnose need to Per ASEP Table 8-3, the Med. = 4.0E-5 h site interviews indicated that the
vent containnv nt. median value from Figure 8-1 6perators are aware of the problem of concern

for 4 hours diagnosis time was Mean = 3.4E-4 and have a clear understandmg of the
assigned. requirements. h procedures are clear.

#o
.-.,
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< Tchle G.2.25.8
Post-Diagnosis Action Type Identification per Step 10, Table 8-1 of ASEP HRAP

Action Safety Systems Failed EOPs, Training, Individual Dynamic or Comments
(1) (2) Use EOPs Well Operator Must Step-by-Step Sourte of Information

Designed EOPs Perform Concurrent (5) (6)
(3) Tub

(4)

Jumper N/A Interviews indicated No Step-by-step
relays and that the operators
open were knowledgeable Actions are
valves. about the need for proceduralized.
Restore IA the actions.
if

necessary. _)
_.

Table G.2.25.9
Post-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP IIRAPa

*
,

O
Action T <2h Recire. Phase More Than Two Operator Stress Level Comments /

(1) After IE in Safety Systems Familiar (6) Sourte of Information
(2) Large LOCA Fail W/ Sequence (7)

(3) (4) (5)

2Vent N/A' N/A No N/A Moderately Substantial time available
containment High before core damage.

' At least moderately high stress was assumed for all events.
* For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of extremely

high stress. Each human action event was examined as a function of the context.

2
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b
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b h
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2 Tchie G.2.25.18 m
$ Total HEP $

| m .

; 9
O Action Original Independent Total HEP EF . Canunents/
b (1) Operator HEP Check / Correction (4) (5) Source of
D (HEP ) HEP Inferination

| (2)' (HEP,) (6)
: (3)
|

-

| 1. Diagnosis Med. = 4.0E-5 - Med. Mean (10)
( 4.0E-5 3.4E-4 i

|
Mean = 3.4E-4

2. Jumper relays, open valves, and Med. = 0.02 Credit for a second 0.004 Q&L ,{1L Second check HEPs
restore IA if necessary. These Mean = 0.032 check was given 0.0(M 0.011 (5) are multiplied by the
straightforward, proceduralized because of the time ongmal HEP for i

actions were assumed to be available and the Total Median HEP each action.
completely dependent. presence of feedback = 0.004

that would alert the The error factor
9 operators to any Total Mean HEP associated with the

Q failures. HEPs for = 0.011 dommant HEPs was
failure to provide a assigned. '

second check were:

{Med. = .2

Mean = .323

#o
--

A
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< Ttble G.2.26.1
.E. HEP 26 Calculation
u

Human Action Event (1) OPSPM and SPMUN

Event Tree (s) (2) EC, ECP, EX, and ECX for OPSPM. ECN, ECNP, and ECNPL for SPMUN.

Initiators (3) All initiators (Transients and LOCAS)

Sequence 1.ocator Files (4) All files beginning with OPICT, e.g., OPICTE.EIT, with the exception of files labeled OPICTCAU, e.g.,
OPICTCAU.TIF and all files beginning with SPMUN, e.g. SPMUN.ECN.

Event Description (5) OPSPM and SPMUN are the operator actions to dump SPMU to provide additional level and cooling to the SP.
SPMUN applies to sequences where the SPMU dump must be accomplished without AC power.

Event Context (6) For OPSPM and SPMUN (HEP 26). the operators have successfully initiated ECCS water solid operation to
provide 3DC or are steaming the vessel with HPCS. However, SPC and CS have failed and eventually the SP will
need additional level and cooling. The operators will need to dump SPMU. As SP water level decreases, the
operators will enter EP-3, (Containment Control) and an SPMU dump will be indicated. In the sequences where
SPMUN is asked, AC power is not available and the SPMU dump valves will have to be opened locally.

O Applicable Procedures (7) EP-3 (Containment Control), SPMU EOl (04-1-01-E30-1)

C
-

C
b
O
8
20
6 %

b 5
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2 ::: ,

@ Table G.2.26.2 g
g %u Timing and Indwatens

! Fi !
so
6 EvenUOccurrence Tu' ne (T ) Annunciator /indwation Comments / ;

3 (of most interest) Operatir (3) Source of f

(1) Alerted Information
(2) (4)

Operators have initiated O With tlie failure of SPC and CS under water solid operation
ECCS water solid or steanung, the operators will be monitormg containment
operation. Inadequate SP conditions. SP temperature will be increasing and level will
cooling and SP level loss be dropping. Low SP level will be alarmed. These
results in the need to indicators will lead the operators to enter EP-3 and will i

dump SPMU. indicate the need to provide makeup to the SP.

Table G.2.26.3
Pbtential Operator Action '

o Description Number of Activities (Tasks) Comments / ,

6 of Event Abnormal Events Required to Perform Source of Information
(1) (2) Action and Procedures (4)N

(3)

With no SP cooling or CS under One The operators will follow EP-3 and On the basis of discussmas with
water solid operation or steaming, the SPMU SOI, which directs the plant p-d (by telghone),
SPMU will be needed to provide operators to open two valves per conditions would not be so adverse
adequate level and cooling to the train to initiate SPMU. Success that flow fram the SPMU could ;

SP. with one train is all that is W. not be established manually in the .
During LPS, SPMU is isolated to time available.
avoid an inadvertent dump. 'The

,

operators will have to override the
isolation. Section 5.2 of the SPMU
SOI provides the procedure.

; Without AC power, the operators
,

; will have to open two 30 in. valves
, manually using a handwheel

| engagement lever. 'Ihe valves are ,

located about 60 ft. above the SP.
Flow can be established within 10
minutes according to GGNS

| < personnel. Several hours would be
,P available.'

*

! ,

,

,mm, , ,, - r - , . - - - ,# e_. . .,- # . w + e-



< Trble G.2.26.4
Time Available to Diagnone and Perform the Task

lAction Time by Which ~ Time at Which Operator Maximum Time Available Comments /
(1) Operator Must is Alerted that Symptom to Perform the Identified Source of Information

Act (T,) has Occurred (T,) Operator Activities (T,) (5)
(2) (3) (4)

The operators need to 11 hours Approximately 1.5 to 2 hours 9 hours SEA Calculation C90492-01-
diagnose the need to before indicators for entenng A16
initiate SPMU. EP-3 would be reached.

'Table G.2.26.5
Operator Action Performance Time

Activities Location Travel Performance Total Action Comments / ;,

'

(1) (2) Time (T,) Time (T) Time (T,) Source of Informationa
J-. (3) (4) (5) (6)
U

Override SPMU isolation and Outside control - - Travel and
open valves. Will require room in Control performance time was
closing of opened (red tagged) Bldg. for closing very conservatively
breakers for 1 train. If no power barakers. De estimatal to be
is available, the operators will operators will approximately 4
have to manually open two have to enter hours. This would be
valves with the handwheel. containment to a * worst case *

manually open scenario.
SPMU valves.

Total action time = 4
hours

Z
C
h
O
Fi
:C

b x
e E
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2: Tcble G.2.26.6 :::
Dugnoses Time for Operator Action f

O
n
:= Action Maximum Time Total Action Time Available Comments /

h (1) Available (T,) Time (T,) to Diagnosas (T) Source of
(2) (3) (4) Informabonw

(5)

The operators need to 9 hours 4 hours Approx. 5 hours'
diagnose the need initiate
SPMU.

Table G.2.26.7
Diagnosis Analysis

Action Failure to Skill-Based Adjusted / Comments /

(1) Diagnose (3) Final HEP Sourre of Infonnation
a (2) (4) (5)
2.
T

Diagnose need to Per ASEP Table 8-3, the Med. = 3.0E-5 Telephone conversations with plant personnel
initiate SPMU. median value fmm Figure 8-1 i-W=H that the operators would be aware of

for 5 hours diagnosis time was Mean = 2.5E-4 the problem of concem and have a clear
assigned. understandmg of the requirements. The

procedures are clear.

<
o
--

A
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< Table G.2.26.8
Post-Diagnosis Action Type Identification per Step 19, Table 8-1 of ASEP HRAF

Action Safety Systens Failed EOPs, Training, Individual Dynannicor Camanents

| (1) (2) Use EOPt Well Operator Must Step-by-Step Source of Infor-h
Dadgned EOPs Perforrn Concurrent (5) (6)

(3) Tasks
(4)

,

Initiate N/A Interviews indicated No Step-by-step
! SPMU. that the operators

were knowledgeable Actions are
about the need for proceduralized,
the actions.

,

Table G.2.26.9
Pbst-Diagnosis Stress-Level Identification per Step le, Table 8-1 of ASEP HRAP

O
-

U Action T < 2h Recire. Phase More Than Two Operator Stress Level Conuments/
(1) AAer IE in Safety Systens Familiar (6) Source of Inferination

(2) Larte LOCA Fail W/Sc.a (7)
(3) (4) (5)

tInitiate SPMU N/A' N/A No N/A Moderately Substantial time available
High before core damage.

' At least moderately high stress was assumed for all events.
2 For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of extremely

high stress. Each human action event was examined as a function of the context.

2
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Q
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b 5
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z Table G.2.26.10 :::

E Total HEP $
8
8
:o Action Originc.] Independent Total HEP EF Comments /

'f (1) Operator HEP Check / Correction (4) (5) Source of
(HEP ) HEP Inferinationw

(2)' (HEP,) (6)
(3)

1. Diagnosis Med. = 3.0E-5 - Med. Mean (30)
3.0E-5 2.5E-4

Mean = 2.5E-4

2. Override SPMU isolation and Med. = 0.02 Credit for a second 0.004 0.0104 ,(3, Second check HEPs
open valves from the control room Mean = 0.032 check was given 0.004 0.0106 (5) are multiplied by the
or use handwheel to open valves because of the time original HEP for
manually. available and the Total Median HEP each action.

presence of feedback = 0.004
that would alert the 'Be enor factor

9 operators to any Total Mean HEP associated with the

y failures. HEPs for = 0.011 dommant HEP was
failure to provide a assigned.
second check were:

Med. = .2

Mean = .323

#
o
-

4

*
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$ Tchte G.2.27.1
F HEP 27 Calculation
a

Human Ac'. ion Event (1) SPMKP and SPMKN

Event Tree (s) (2) EC, ECP, EX, and ECX for SPMKP. ECN, ECNP, ECNPL, and SNP for SPMKN.

Initiators (3) All initiators (Transients and LOCAS)

Seqiience 1.ocator Files (4) All files beginning with OPICT, e.g., OPICTE.EIT, with the exception of files labeled OPICTCAU, e.g.,
OPICTCAU.TIF and all files beginning with SPMUN, e.g. SPMUN.ECN. SPMUN is also found in
OPSTM.SNP.

Event Description (S) SPMKP and SPMKN are the operator actions to provide makeup to SPMU (for dumping SPMU again to the SP)
or directly to the SP, to compensate for boil off from the SP. SPMKN applies to sequences where the makeup
from the CST must be obtained without AC power.

Event Context (6) For SPMKP and SPMKN (HEP 27), the operators have successfully initiated ECCS water solid operation to
provide SDC or are steaming the vessel with HPCS. However, SPC and CS have failed and eventually the SP will
need additional level and cooling. He operators have already decided to initiate SPMU, but will need additional
makeup eventually to compensate for boil off. If operators successfully diagnosed the need to dump SPMU

|0 (OPSPM or SPMUN succeeds), it was assumed that they would also be aware that additional makeup might be j
g needed. Bus, the diagnosis parts of SPMKP and SPMKN were assumed to be completely dependent on OPSPM

and SPMUN, respectively. In sequences where power and IA. is lost (sort of the worst case), nitrogen tanks may
be required to open 3 or 4 AOVs, e.g., AOV 47, AOV 131, AOV 130. XV 46 will have to be manually opened

Note. In the SNP tree, when SPMKN is asked, steaming is occurring out the MSIVs and only 3S minutes wWd
be available to accomplish SPMKN. His is insufficient time given that power is lost. Hus, in the SNP tree only,
SPMUN is set to 1.0.

Applicable Procedures (7) EP-3 (Containment Control), SPMU EO! (04-1-01-E30-1)

Z
C
b
O
8
:c
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z Tr.ble G.2.27.6 :::
% Diagnmis Time for Operator Action f
$
Pi
:= Action Maximum Time Total Action Time Available Comments /
b (1) Available(T ) Time (T ) to Diagnmis (T) Source of
D (2) (3) (4) Information

" *

(5)

SPMKP and SPMKN were - - - In any case, diagnosis time
assumed to be completely would be substantial and
dependent on OPSPM and the diagnosis HEP would
SPMUN, respectively. be negligible compared to

| Thus, diagnosis time is not the action HEP obtamed
; relevant for the HEP with ASEP HRAP.

calculation.

Table G.2.27.7
Diagnosis Analysis

9
8 Action Failure to Skill-Based Adjusted / Comments /

(1) Diagnme (3) Final IIEP Source of Information
(2) (4) (5)

SPMKP and Med. = 0
| SPMKN were
| assumed to be Mean = 0
I completely

dependent on If OPSPM or SPMUN
OPSPM and succeed, then the
SPM UN, diagnosis part of SPMKP
respectively. Thus, or SPMKN will also
diagnosis time is not succeed.
relevant for the
HEP calculation.

<
o
--

4
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< Tc.ble G.2.27.8
Post-Diagnosis Action Type Identification pcr Step 10, Table 8-1 of ASEP HRAP

Action Safety Systems Failed EOPs, Training, Individual Dynamic or Comments
(1) (2) Use EOPs Well Operator Must Step-by-Step Source of Information

Designed EOPs Perform Concurrent (5) (6)
(3) Tub

(4)

Open N/A No explicit No Step-by-step
valves to procedures, but once
provide the decision was
additional made, the actions
makeup for would be
SPMU. straightforward.

Table G.2.27.9

a Post-Diagnosis Stress-level Identification per Step 10, Table 8-1 of ASEP HRAP
:
2

Action T < 2h Recire. Phase More Than Two Operator Stress Level Comments / L

(1) After IE in Safety Systems Familiar (6) Source of Infonnation
(2) Large LOCA Fail W/ Sequence (7)

(3) (4) (5)

Open valves to N/A' N/A No N/A Moderately Substantial time available2

provide High before core damage.
additional
makeup for the
SP.

' At least moderately high stress was assumed for all events.
2 For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of extremely

high stress. Each human action event was exammed as a function of the context.7

E
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2: Table G.2.27.19 :x:
Total HEP $.

o
M
:= Action Original Independent Total HEP EF Comunents/
b (1) Operator HEP Check /Comction (4) (5) Seurre of
D (HEP ) HEP Infor===*i==

(2)' (HEP) (6) ;

(3) ..

1. Diagnosas Med. = 0 - Med. Mean 0 OPSPM or SPMUN has alnady
0 W The diagnosis was i

Mean = 0 assumed to be completely
depa=&=t on these --

2. Align valves to provide Med. - 0.02 Credit for a second M 0.032 EL The error facsor anexisted with ,

makeup from the CST to Mean = 0.032 check was not given 0.02 0.032 (5) the don ====t HEP (only HEP
SPMU or to the SP. because the additional in this case) was assigned.

makeup may not be Total Median HEP
If power is lost, some provided untillate in the = 0.02
valves niay need to be time available and there

o opened locally with the mat not be sufficient Total Mean HEP

f hand wheel. IfIA is lost, time to correct any = 0.032
AOVs remy need to be errors since many of the
opened manually using activities may have
nitrogen bottles to provide taken place outside the
the * air". control room.

.

-
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<z: Table G.2.28.1
E HEP 28 Calculation
s

Human Action Event (1) OPFLD (1)

Event Tree (s)(2) F,FP

Initiators (3) All transients

Sequence locator Files (4) All files begmmng with OPFLD, e.g., OPFLDE.EIT

Event Description (5) OPFLD is the operator decision and action to flood the vessel /contamment in order to provide some
fonn of SDC.

Event Context (6) For the OPFLD (1) calculation (HEP 28), OPECS or OPDHR have --hd, but all ECCS
systems have failed or are unavailable. Thus, the operators have attempted to do the correct
actions, but the systems asked have failed or been unavailable. One option available to the
operators to provide level and core cooling is to flood the vessel /contamment. SSWXT or FW are
systems that could (potentially) be used to flood. If vessel level is too low and not incressmg, EP-2
calls out for alternate level control which will eventually lead the operators to initiate floodmg.

o Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-02-III-1), EP-2 (RPV Control, Rev.19), RHR SOI

g (04-1-01-E12-1, Step 6.10)

z
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z Trble G.2.28.2 :::
E Sequence Timing and Indications $
6
a
W Event / Occurrence Time (T ) Annunciator / Indication Comments /

h (of most interest) Operator (3) Sourte of
*

(1) Alerted informationw

(2) (4)

ECCS systems are not O in addition to numerous alarms and indications which
available and core would already be present, reactor temperature (and in some
cooling and makeup are cases pressure) will be increasing). The crew has been
needed. The question is attempting to respond to existing problems and will be
whether will flood with aware of the need to provide core cooling in some way.
SSWXT or FW. Low level alarms would likely to occur during this period.

!

Table G.2.28.3
Potential Operator Action

| O
l

A Description Number of Activities (Tasks) Comments /
of Event Abnormal Events Required to Perform Sourre of Information

(1) (2) Action and Procedures (4)
(3)

Operators are attempting to One - Check closed MSIVs It was assumed the SSWXT would

| respond to IDHR, but no ECCS - Ensure that some SRVs are be the operators first choice for
i ' systems are available. open flooding and credit was not taken
| OPFLD asks whether the operators - Align and initiate SSWXT for both SSWXT and FW in the

will attempt to flood with SSWXT for flooding sequences covered by this HEP.
or FW.

$
--

4



< Tthie G.2.28.4
P- Time Available to Diagnose and Perform the Task

Action Time by Which Time at Which Operator himum Time Available Comments /

(1) Operator Must is Alerted that Symptom to INrform the Identif mi Source of Information

Act (T,) has Occurred (T,) Operator Activities (T,) (5)

(2) (3) (4)

Initiate flooding 23 minutes 0 23 Minutes SEA Calculation C90-492-01-
A16

Table G.2.28.5
Operator Action Performance Time

P' rformance Total Action Comments /Activities Location Travel e

(1) (2) Time (T,) Time (T) Time (T,) Sourre of Information
(3) (4) (5) (6)

O
E 1. Retrieve and CR - 5 minutes (ASEP 5 minutes 5 minutes to retrieve and study EP-2 is a conservative

read EP-2 and Table 8-1, Step assumption given the trammg the operators receive."

apply to LP&S Sa) However, the delay seemed consistent with the " diversity of
context. activities * ongoing during LP&S and with the idea that some

" generalization * of EP-2 to the LP&S context would be
required.

2. Check CR - 1 minute 1 minute The critical actions for flooding werejudged to be an
closed MSIVs integrated set of actions.

3. Ensure some CR - 1 minute 1 minute Also note that per ASEP Table 8-1, Step Sb, a 1 min. travel
SRVs are open and manipulation time was assumed for each action.

4. Initiate CR - 1 minutes I minute
SSWXT per (per Table 8-1, 8 min. Total
RHR SOI G4- Step Sb

z l-01-E12-1

% step 6.10.

g Requires 2

g valves to be
M opened.
6 %

b h
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Z Table G.2.28.6 m
Diagnosas Tiene for Operator Action f

9n
W Action Maximwn Time Total Action Time Avadable Cennsumes/

h (1) Available (T,) Time (T,) to Diagnosis (T) Source of
(2) (3) (4) Infor==nei==

w

(5)

Diagnose need to flood 23 minutes 8 minutes 15 minutes
vessel / containment !

Table G.2.28.7
Diagnosis Analysis

Action Failure to Skill-Based A(justed / Communts/
(1) Diagnose (3) Final HEP Source of Infernestion

(2) (4) (5)

9
& Diagnose need to Per ASEP Table 8-3, the Med. = 0.04 Flooding in response to IDHR dunng LP&S

flood median value from Figure 8-1 is not explicitly called out by pe- ' . .
vessel /contamment. for 15 minutes diagnosis time Mean = 0.106 However, it is at least indirectly iM in

was assigned. EP-2 and the site interviews indicated that
the operators have a clear = L_ ^- "; of
the W raponse and the necessary
actions. Thus, per ASEP HRAP Table 8-3,
the median diagnosis value would be
approprute.

<
?*
* ;
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< Tahle G.2.28.8
P- Post-Diagnosis Actica Type Idetincation per Step 18, Table 8-1 et ASEP HRAF

'*

Action Safety Sysenes EOPs, Trainingg, Individual Dy e r Cammmetse

(1) Failed Use EOPs Well Operater Must 4 h-Seep Seurre of Infanmatism

(2) Designed EOPs Perfenn Cemeurrent (5) (6)

(3) Tasks
(4)

Flood N/A Actions are specified No Step-by-Step

containnumt. by procedure.
Interviews indicated
that the operators
were knowledgeable
about the need for
the actions and
requiresnents. *

P

Q
! Table G.2.28.9
D Post-Diagnosis Stress-Level Identification per Step 18, Table 8-1 of ASEP HRAF

Action T < 2h Recire. Phase More Then Two Operater Stress Imed ch

(1) AAer IE in Safety Systemas Fanselier (6) Seurte of InfA
(2) Large LOCA Fail W/ Sequence (7)

(3) (4) (5) *

2Flood with N/A' N/A No N/A Modemsely Several syssees available and
SSWXT. High substantial time before core

danese

' At least moderately high stress was assumed for all events.
2 For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not -rily lead to an assumption of extremely

,

'

high stress. Each human action event was examined as a function of the context.7
C
b
Q
Ei
|s2
6 %

b 5 !
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2 Table G.2.28.10 m
E Total HEP $
8
a,

! := Action Original Independent Total HEP EF Comments /
b (1) Operator HEP Check / Correction (4) (5) Source of|

' O (HEP ) HEP Information
t (2)' (HEP,) (6)

- (3)

1. Diagnosis Med. = 0.04 - Med. Mean (10)
| 0.04 O.106
'

Mean = 0.106
|
| 2. Initiate thxxiing with SSWXT. Med. = 0.02 Credit for a second 0.02 0.032 (1)_ The error factor
| Mean = 0.032 check was not given 0.06 0.138 (10) associated with the
'

because of the time don nant HEP was
! limitations. Total Median assigned.
. HEP = 0.06
:

Total Mean HEP
9 = 0.138
I
00

0
--
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g Tcble G.2.29.1
P HEP 29 CrJeulation
u

Human Action Event (1) OPSTM (1)

Event Tree (s)(2) S,SP,SNP

Initiators (3) All transients and LOCAS
~

Sequence I.ocator Files (4) All files beginning with OPSTM, e.g., OPSTMFD3.SP, with the exception of OPSTMHYD.ECN,
OPSTMSNP.SNP, OPSTMSNP.EIT, OPSTM51.TIH, OPSTM51.TIF, OPSTM81.TIH, and
OPSTM 81.TIF.

Event Description (5) OFSTM is the operator decision to initiate steaming of the core.

Event Context (6) OPSTM (1) (HEP 29) applies in numerous sequences. It represents the operators decision to steam
the vessel to provide core cooling when other actions they have taken have been unsuccessful. For
example, in many sequences they have attempted to initiate ECCS water solid operation (OPECS
succeeds), but the systems have failed. The critical aspect of HEP 29 is that the operators have
demonstrated an awareness of the problem. While steaming of the vessel is a non-procedualized
action, the operaton will essentially be steaming the core by default at this point. ~ Bey will need to

[ ensure 1 SRV is opened and eventually they will need to provide some form of makeup, which they

@ have already been attempting to accomplish. Several systems may be used for steaming, e.g.,
CRD, CDS, SSWXT, and FW.

Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-29-02-111-1)
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Z Table G.2.29.2 :z:
$ Sequence Timing and Indications y
m
o
Pi Event / Occurrence Time (T ) Annunciator / Indication Comments /? (or most interest) OperatoTr (3) Source ofE (1) Alerted InformationO (2) (4)

He operators have O Operators have been attempting to respond to IDHR. Bus BWRs basically operate by steaming. Rus,
attempted to respond to they are aware that vessel temperature is going up. They it is not an " unusual" response to the
IDilR. For any of are in fact steaming by default and need only open 1 SRV. problem.
several reasons, their There are no particular indicators that specify steaming.
attempts have failed, Note. Even if the operators have decided
e.g. ECCS fails. not to go water solid with only 1 SRV
OPSTM asks whether or available (OPISV fails in E tree), they may
not the operators will still decide to steam with 1 SRV. If they
consciously decide to initially fail to get 1 SRV open, it was
steam the vessel. He assumed they could still decide to attempt
operators need to ensure steaming.
that 1 SRV is open.

Table G.2.29.3
[ Potential Operator Action
$

Description Number of Activities (Tasks) Comments /
of Event Abnonnal Events Required to Perform Source of Information

(1) (2) Action and Procedures (4)
(3)

Previous attempts to provide SDC One Check open 1 SRV Complete dependence was assumed
have failed. The operators may between the control room
decide to steam the vessel. consciously deciding to steam the

vessel and checking open 1 SRV.
In most of the sequences in which
this HEP is applied, the SRV is
ahrady open. Thus, steaming is
occurring by default. Interviews
with operators indicated that they
would not open MSIVs for
steaming unless they had a vacuum
in the condenser. Cannot assume a
vacuum exists in the condenser
during POS 5. Herefore, deciding
to steam was assumed to entail

4 ensuring that 1 SRV was open.
.o

#



< Table G.2.29.4
Time Asallab!e to Diagnose,and Perform the Task

Action Time by Which Time at Which Operator Afaximum Time Available Comments /
(1) Operator Atust is Alerted that Symptom to Perfonn the Identified Source of Infonnation

Act (T ) has Occurred (T ) Operator Activities (T ) (5)
(2) " (3) (4)

* "

A decision 23 minutes 0 23 minutes SEA Calculation C90-492-029-
to steam is A16
all that is
asked in
this event.

Table G.2.29.5
Operator Action Perfonnance Time

Activities Location Travel Performance Total Action Comments /
(1) (2) Time (T) Time (T ) Time (T ) Somre of Infonnation

' *o (3) (4) (5) (6)'

M No action required. Control Room - -- -- Initiation of a makeup system is not
Checking open 1 SRV
was assumed to part of -

immediately required. Eventually
makeup is required and system success

the decision to steam. In is asked later in the tree.
most cases the necessary
SRV is already open.
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2 Table G.2.29.6 ::$ Diagnosis Time for Operator Action ym
9
Q Action Maximum Time Total Action Time Available Comments /g (1) Available (T ) Time (T ) to Diagnosis (T ) Sourre of" * *-

(2) (3) (4) Infonnationw
(5)

t

Consciously decide to 23 0 minutes 23 minutes
steam the vessel.

Table G.2.29.7
Diagnosis Analysis

Action Failure to Skill-Based Diagnosis Comments /
(1) Diagnose (3) (4) Source of Information

(2) (5)

Decide to steam the Per ASEP HRAP Table 8-3, N/A Median = 0.04 Interviews with operators indicated a goodvessel. the upper bound value from awareness of the notion of steaming theo ASEP Figure 8-1 for 23 Mean = 0.106 vessel. In fact, several operators indicated it
6 minutes diagnosis time was would be preferable to flooding the vessel and

assigned. more likely to be used. Ilowever, since it is
w

not proceduralized and apparently not covered
specifically in training, it is not clear that all
operators would consciously decide to steam.
Thus, without additional information, per
ASEP llRAP Table 8-3, the upper bound
diagnosis value was indicated.

#o
-
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< Tchte G.2.29.8
. Post-Diagnosis Action-Type Identification per Step 10, Table 8-1 of ASEP IIRAP

Action Safety Systems Failed EOPs, Training, Individual Dynamic or Comments
(1) (2) Use EOPs, Well Operator Must Step-by-Step Source of Information

Designed EOPs Perfonn (5) (6)
(3) Concurrent

Tasks
(4)

N/A' N/A' N/A' N/A N/A'

'
Actions assumed completely dependent with diagnosis (see Table G.2.29.3 for rationale).

Table G.2.29.9
Post-Diagnosis Stress-Level Identification per Step 10. Table 8-1 of ASEP IIRAP

a Action T < 2h Recire. Phase More Than Two Operator Stress Level Comments /
1. (1) ARer IE in Safety Systems Familiar (6) Source of Information
O (2) Large LOCA Fail W/ Sequence (7)

(3) (4) (5)

N/A' N/A' N/A' N/A' N/A' N/A'

' Actions assumed completely dependent with diagnosis (see Table G.2.29.3 for rationale).
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$ Tc.ble G.2.29.10 -
Total HEP %g > '

9
Q Action Original- Independent Total HEP EF "# -i.6 (O Operator HEP Check / Correction (4) (5) Source of Infonnation
% (HEP ) HEP (N(2)' (HEP)
"

0) .

Decide in ?mam the Diagnosis and N/A MMian = 0.04 10,

vessel. Actions:
Mean = 0.106-

Median = 0.04
Mean = 0.106.

i
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< Tr.ble G.2.30.1
?- IIEP 30 Calculation
u

fluman Action Event (1) OPSOF (2)

Event Tree (s)(2) OF,OFP

W w . (3) All transients, lil-5H, J2-5,12F48

Sequence locator Files (4) OPSOF.0FP, OPSOFFLD.OFP, OPSOF.T5A, OPSOF.T5D. OPSOF. TAB, OPSOF.TDB, OPSOF.TIA, ;

OPSOF2.TIA OPSOF9.TIA, OPSOF.ElB. OPSOF.E2B, OPSOF.EIT, OPSOF2.EIT, OPSOF.E2T, OPSOF.ElV,
OPSOF.E2V, OPSOF.TIF, OPSOF.TIH, OPSOF.TLM, OPSOF.TRP, OPSOF.H 15. OPSOF.12

Event Description (5) OPSOF is the operator action to stop flooding through open main steam line(s).

Event Context (6) For the OPSOF (2) calculation (HEP 30), the operators have initiated some form of vessel injection, e.g., for water
solid operation or flooding of containment, one or more of the MSIVs are open, and water is running down the
steam line(s). The operators must detect the flooding, stop the injection system, and close the MSIVs.

Applicable Procedures (7) All operators would understand the need to stop flooding down the steam line(s). The Inadequate Decay Heat
Removal ONEP (05-1-02-111-1) instructs the operators to check closed any open MSIVs when initiating ECCS
water solid operation.
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2
C" :::

Table G.2.30.2 N
N Sequence Timing and IndicationsO
8
$ Event / Occurrence Time (T ) Annunciator / Indication Comments /g (9f most interest) OperatoF (3) Source ofw (1) Alerted Infonnation

(2) (4)

Undesired flooding O For the situation where level is being increased for ECCS In the site interviews, operators
through open MSIVs water solid operation, the IDHR ONEP instructs the indicated they would definitely want to
caused by intentional operators to check closed any open MSIVs. With the stop flooding through MSIVs.
initiation of an injection additional time, operators may recall or recheck the need to
system to increase level. close the MSIVs. For any case, I.evel 7 and 8 alarms may

cue the operators to check the position of MSIVs.
Moreover, water flowing down the steam lines into the
Turbine Bldg. may be noticed. Could get steam line drain
valve alarms.

_

Table G.2.30.3
Potential Operator Action

9
h Description Number of Activities (Tasks) Comments /

of Event Abnonnal Events Required to Perform Source of Infonnation
(1) (2) Action and Procedures (4)

(3)

Operators are attempting to One 'the operators need to stop injection
increase level and inadvertently and close MSIVs.
flood down open MSIVs.

|
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< Table G.2.30.4
Time Available to Diagnose and Perform the Task

Action Time by Which Time at Which Operator Maximum Time Available Comm<nts/
(1) Operator Must is Alerted that Symptom to Perform the Identified Source of Infonnation

Act (T) has Occurred (T ) Operator Activities (T ) (5)* "(2) (3) (4)

Detect the flooding or 20 minutes 0 20 minutes SEA Calculation C90-492-01-
the fact that the A16
MSIVs are open, and
stop the flooding.

Table G.2.30.5
Operator Action Performance Time

Activities Location Travel Performance Total Action Comments /
(1) (2) Time (T ) Time (T) Time (T ) Source of Information'

(3) (4) (5) (6)
*

O
4. Terminate injection and CR -- 2 minutes 2 minutes Note that travel and manipulation (performance)
$ close MSIVs. times in the control room were determined using

ASEP Table
8-1, Step 5b, and are grouped under the
performance time column.

The actions involved in terminating injection and
closing the open MSIVs were assumed to be
completely dependent. It was assumed that a
correct diagnosis would indicate that both actions
should occur.
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2 Table G.2.30.6 m
@ Diagnosis Time for Operator Action $m
9
Q Action Maximum Time Total Action Time Available Comments /
4 (1) Available (T ) Time (T ) to Diagnosis (T,) Source of"y (2) (3) (4) Infonnation

*

"
(5)

The operators need to 20 minutes
diagnose the flooding down

-
2 minutes 18 minutes

the steam lines and the
need for its termination.

Table G.2.30.7
Diagnosis Analysis

Action Failure to Skill-Based Adjusted / Comments /
(1) Diagnose (3) Final IIEP Source of Information

(2) (4) (5)

o
s Diagnose need to Per ASEP Table 8-3, the Med. = 0.015 The site interviews indicated that theterminate flooding median value from Figure 8-1 operators would understand the need to stop
ao

down open MSIVs. for 18 minutes diagnosis time Mean = 0.04 the flooding through open MSIVs.
was assigned.

<

.
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!< Table G.2.30.8 -
'

9- Post-Diagnosis . Action Type Identification per Step 10, Table 8-1 of ASEP HRAP
A

Action . Safety Systems Failed EOPs, Training, Individual Dynamic or Comments
(1) (2) Use EOPs Well Operator Must Step-by-Step Sourre of Information

,

Designed EOPs Perform Concurrent (5) (6)
4 (3) Tasks

(4)
!

Terminate N/A Idterviews indicated No Step-by-step
injection that the operators
and close were knowledgeable
open about the need for
MSIVs. the actions.

a

?

Table G.2.30.9 -

Post-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP HRAP

. Action T <2h Recire. Phase More Than Two Operator Stress Level Comments /
o (1) After IE in Safety Systems Familiar (6) Source of Infonnation
.: (2) Large LOCA Fail W/ Sequence (7)$ (3) (4) (5)

Terminate N/A' N/A No N/A Moderately Actions are straightforward
2

injection and High and situation is not yet4

6

close open critical.
MSIVs.

{
,

.

'
At least moderately high stress was assumed for all events. i*
For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of extremely i
high stress. Each human action event was examined as a function of the context.
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| z Ts;ble G.2.30.10 ='

$ Total IIEP ym
O

h Action Original Independen Total IIEP EF Comments /
(1) Operator IIEP Check /Correc1 on (4) (5) Source of,

g (IIEP ) HEP Information
| (2)* (HEP ) (6)

w

(3)"

| 1. Diagnosis Med. = 0.015
'

Med. Mean (10)--

'

O.015 0.04
Mean = 0.04

2. Terminate injection system and Med. = 0.02 Credit for a second 0.004 0.01 15)_ Second check HEPs
| close open MSIVs. Mean = 0.032 check was given 0.019 0.05 (10) are multiplied by theI

because once the original HEP for
diagnosis was made, the Total Median each action.
operators would get HEP = 0.019

| clear feedback regarding Since both HEPs
| the failure of any of the Total Mean IIEP made significant

necessary actions and = 0.05 contributions to the
they would be attending total HEP, the larger
to the indicators. of the two error9 factors was assigned.g HEPs for failure to

| provide a second check
I were:

Med. = .2

Mean = .323

i
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< Tr.ble G.2.33.1
P- HEP 33 Calculation
a

Human Action Event (1) OPFLD (2)

Event Tree (s) (2) F.FX, FAX,FNP

Initiators (3) TI AF93, TI AF40, TI-5, TDB5H. T5A5H, T5AFi9, ElB5H. E2B5H, E2BF20

Sequence Locator Files (4) OPFLD.FNP, OPFLDADH.TDB, OPFLD'. T5 A, OPFLD.ElB, OPFLD.E2B

Event Description (5) OPFLD is the operator decision and action to flood the vessel /contamment in order to provide some form of SDC.

Event Context (6) For the OPFLD (2) calculation (HEP 33), OPECS, OPDHR, or at least OPSDC have succeeded. The problem in
these sequences is that all ECCS systems are unavailable for one reason or an another, and SSWXT is imavailable
also. Rus, in the flooding trees, FW is the only available system for flooding. However, on the basis of estimates
to align the FW system for injection, it was concluded that the 23 minutes allowed for OPFLD would be
insufficient to complete the task. Therefore, OPFLD was set to 1.0 (failure) in the relevant sequences. Since
detailed ASEP HRAP calculations were not required for HEP 33. Tables 10.1.33.2 through 10.1.33.9 were not
included.

Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-02-111-1), EP-2 (RPV Control, Rev.19), and injection with Fire
Protection Water System (05-S-01-EP2, ATTCH. 26).

S Note. Tables 10.1.33.2 through 10.1.33.9 were unnecessary for HEP 33 and therefore they were not included.
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z Table G.2.33.10g Total IIEP :::

8
y

h Action Original Independent Total IIEP EF Comments /4 (1) Operator IIEP Check / Correction (4) (5) Sourre of Informationg (IIEP ) IIEP (6)w (2)* (IIEP)
(3)

Flood vessel / containment Med. = 1.0
with FW

- Med. =i 1.0

Mean = 1.0 Mean = 1.0
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< . . Table G.2.35.19 HEP 35 Calculation
a

Human Action Event (1) OPDHR (2)

Event Tree (s)(2) L,LA

Initiators (3) T5D5H ElB5H. EID5H, E2D5H, E2DF93, EIT5H, EIV5H
_

Sequence locator Files (4) OPDHR.TDB, OPDHR.T5D, OPDHR.ElB, OPDHR.EID, OPDHR.E2D, OPDHR.EIT, OPDHR.EIV

Event Description (5) OPDHR is the operator action to control vessel level in order to avoid a " functional" loss of SDC caused by !
inadequate circulation tetween the core and the downcomer regions of the vessel. That is, even if SDC continues to ,

operate, if vessel level becomes too low, a " disconnect * between the core and downcomer regions can occur. This will '

result in inadequate cooling of the core even though SDC continues to operate. The indications to the operators that the
event is occurring can be subtle because temperature readings are apparently taken from the downcomer region, where
the water being cooled by SDC is returned. Also, the vessel level would not be so low that any level alarms would
sound. A loss of forted recirculation, or a loss of makeup (usually CRD) coupled with continued draindown,
can lead to inadequate level. Only 10 minutes was allowed for the operator diagnosis and actions in OPDHR.

Event Context (6) The important constants for the OPDHR (2) calculation (HEP 35) are that RWCU has not been isolated by a LOSP or
loss of IA. Moreover, any losses of forced recirculation or CRD or RWCU are either artifacts of the initiator (e.g., a
loss of CCW ) or are tinrelated to the initiator and occur as random events.

5 Applicable Procedures (7) No specific procedures, but the Loss of CCW ONEP (05-1-02-V-1, Rev. I1) and the inadequate Decay Heat Removal*
ONEP (05-1-02-111-1) would be relevant, as would the relevant SOls, e.g., RHR sol (04-1-01-E12-1).
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z Table G.2.35.2 =
Q-- Sequence Timing and Indications y
m
9
O Event / Occurrence Time (T ) Annunciator / Indication Comments /
$ (of most interest) Operatot (3) Source of
g (1) Alerted Informationw (2) (4)

IDilR caused by O As noted in Table 35.1, the indications fcr this event may
inadequate circulation be subtle because vessel temperature readings could be
between the core and the misleading and no level alarms would sound. Ilowever, in
downcomer regions of all the sequences covered, CRD and/or forced recirculation
the vessel. level contiol is lost. These events will be alarmed and if the operators
(makeup) is needed. are knowledgeable regarding the potential problem, these

indications should suffice.

Table G.2.35.3
Potential Operator Action

Description Numher of Activities (Tasks) Comments /
o of Event Abnormal Events Required to Perform Source of Information
4. (1) (2) Action and Procedures (4)E (3)

A " functional" loss of SDC leads One
~

Tne operators need to increase
to IDilR. 'llie operators need to RPV water level with any available
diagnose the need and increase injection system. CRD (if
vessel level. available), CDS, or an ECCS

system are possible choices.
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| < Table G.2.33.4
| . Time Available to Diagnose and Perform the Task

Action Time by Which Time at %hich Operator Maximum Time Available Comments /
(1) Operator Must is Alerted that Symptom to Perform the Identified Sourte of Information

Act (T ) has Occurred (T ) Operator Activities (T ) (5)
(2)" (3) (4)

* "

The operators need to 10 minutes 0 10 Minutes SEA Calculation b)0-492-01-
diagnose the need to A16
increase level to avoid
inadequate core
cooling.

Table G.2.35.5
Operator Action Performance Time

Activities Location Travel Performance Total Action Comments /
(1) (2) Time (T ) Time (T) Time (T ) Sourre of Information' *a (3) (4) (5) (6)

..

& l. Isolate RWCU, and in CR - 2 minutes 2 minutes Note that travel and manipulation (performance)
some sequences the - times in the control room were determined using
operators may need to ASEP Table
stop CRD, forced 8-1, Step Sb, and are grouped under the
recirculation, and performance time column.
RWCU.

2. If available, increase CR - 2 minutes 2 minutes 'Ihe actions involved in initiating a makeup system
flow with CRD. If CRD were assumed to be completely dependent. System
is not available and SDC Since more than initiation would be proceduralized.
is not being provided by one system may
SDC(B), use CDS. need to tried,2
Otherwise, use an ECCS minutes, rather
system. than 1 minute
Note. With only 10 min. was assumed for
available for OPDilR, if conducting the
CDS was asked and it activities.

2: failed, credit was not
C taken for both CDS and
$ an ECCS system.
O
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z Table G.2.35.6 =y Diagnosis Time for Operator Action y
o
8 Action Maximum Time Total Action Time Available Comments /$ (1) Available (T ) Time (T ) to Diagnosis (T) Source of" *-

(2) (3) (4) Informationw
(5)

He operators need to 10 minutes 4 minutes 6 minutes -

diagnose the need to isolate
RWCU and increase level
to avoid inadequate core
cooling.

Table G.2.35.7
Diagnosis Analysis

Action Failure to Skill-Based Ad' ted/ Comments /
(1) Diagnose (3) Fm' as IIEP Source of Information

(2) (4) (5)9
_

& Diagnose need to Per ASEP Table 8-3, the Med. = 0.2 ne site interviews indicated that theisolate RWCU and median value from Figure 8-1 -

operators are aware of the problem of concern
provide makeup. for 6 minutes diagnosis time Mean = 0.533 and have a clear understanding of the

was assigned. requirements. However, with the potential
subtlety of the indicators, the absence of any

j explicit procedures, and the time limitations.
.

the lower bound diagnosis value was not
assumed appropriate.

$
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< Ttble G.2.35.8
. Post-Diagnosis Action Type Identificction per Step 10, Tbble 8-1 of ASEP HRAP

Action Safety Systems Failed EOPs, Training, Individual Dynamic or Comments
(1) (2) Use EOPs Well Operator Must Step-by-Step Source of Information

Designed EOPs Perform Concurrent (5) (6)
(3) Tasks

(4)

Isolate N/A Interviews indicated No Dynamic.
RWCU and that the operators
initiate an were knowledgeable Given that the
injection abo't! the need for operators would
system to the actions. have determine
provide which systems to
makeup. start and isolate on

their own and
without much time,
the actions were
asstmx~.1 to be
dynamic, per
ASEP.

9
-

$ Table G.2.35.9
Post-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP 'lRAP

Action T <2h Recirt. Phase More Than Two Operator Stress Level Comments /
(1) After IE in Safety Systems Familiar (6) Source of Infonnation

(2) Large LOCA Fail W/ Sequence (7)
(3) (4) (5)

Initiate an N/A' N/A No N/A Moderately Several systems available and
2

injection High substantial time before core isystem to damage. I
provide
makeup.

' At least moderately high stress was assumed for all events.
2

For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of ex"' 'y
$ high stress. Each human action event was examined as a function of the context.
x
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$ Table G.2.35.10 I

9 Total HEP ;o
x
b Action Original Independent Total 11EP EF Comments /
O (1) Operator HEP Check / Correction (4) (5) Source of

(HEP ) HEP Infonnation
(2)' (HEP) (6)

(3)'
|
'

l. Diagnosis Med. = 0.2 - Med. Mean (10)
| 0.2 0.533'

Mean = 0.533

2. Isolate RWCU and in some Med. = 0.05 Credit for a second 0.05 0.081 (5)
sequences stop CRD and forced Mean = 0.081 check was not taken
recirculation. because of the time

limitations.

3. Initiate an injection system to Med. = 0.05 Credit for a secend 0.05 0.081 15)_ Since all the HEPs
provide makeup and vessel level Mean = 0.081 check was not taken 0.30 0.695 (10) make significant,

i control. because of the time contributions to the '

o limitations. Total Median total HEP, the larger
i HEP = 0.30 error factor was
S assigned.

Total Mean HEP
= 0.70

t

i
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< Table G.2.40.1
E. IIEP 40 Calculation
u

fluman Action Event (1) OPISV (7) ;.

Event Tree (s)(2) E,EA

Initiators (3) T5D511. EID5H, E2D5H E2DF93

Sequence Iecator Files (4) OPECS.T5D. OPECS21.T5D, OPECSALB.EID, OPECSALB. E2D

Event Description (5) OPISV asks whether the operators will proceed with the initiation of ECCS water solid operation when only
1 SRV can be opened and the IDI1R ONEP calls for 2 SRVs to be opened. in essence, OPISV is the same
decisions and actions as OPECS (IIEP 39), except that only 1 SRV, rather than the two specified by
procedure, will open. OPISV is asked only in sequences where OPECS succeeds and must occur in the
same time period.

. Event Context (6) The important constant for the OPISV (7) calculation (11EP 40) is that the operators have recognized a loss
of SDC (OPSDC succeeds) in the context of the initiator. In some sequences, after recognizing the loss of
SDC, SDC(B) is started. The operators then initially fail to diagnose (in 10 min.) a need for level control to
avoid a functional loss of SDC caused by inadequate circulation between the core and the dowmcomer
regions of the RPV (OPDilR fails). The inadequate circulation is due to the loss of CRD and/or RWCU
and/or forced recirculation. In other sequences, after recognizing the loss of SDC, the operators are unableO to get SDC(B) started. Regardless, in all the relevant sequences, the operators have been actively engaged in

E responding to the occurring problems. They must now diagnose the need to isolate RWCU and initiate
ECCS water solid operation with LPCI (C) or (B) or HPCS, but with only 1 SRV. RWCU (letdown) does
not auto-isolate in any of the relevant sequences. ADIIR is isolated. The IDHR ONEP directs the operators

-

to open 2 SRVs when initiating ECCS water solid operation. The issue is whether the operators will initiate
ECCS water solid operation if only 1 SRV can be opened. OPISV is asked only in sequences where
OPECS succeeds.

Applicable Procedures .~j inadequate Decay Heat Removal ONEP (05-1-02-111-1, Rev.15), RHR SOI (04-1-01-E12-1, Rev. 44),
llPCS SOI (04-1 -01-E22-1, Rev. 28), and in some cases, Loss of Component Cooling Water ONEP (05-1-
02-V1, Rev.1I).
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z Tsble G.2.40.2 :::
@ Sequence Timing and Indications y
b
h Event / Occurrence Time (T ) Annunciator / Indication Comments /
5 (of most interest) Operatot (3) Source of
I (1) Alerted Informationw (2) (4)

Deciding to proceed with O Loss of systems were alarmed and the operators should
ECCS water solid accomplish periodic checks of temperature and pressure in
operation when only 1 the new time available. A level 3 alarm may also occur in
SRV is available. Some this time period as level decreases as a result of RWCU
form of SDC is needed. (letdown) not being isolated. Reactor pressure and coolant

temperature will be rising. The IDHR ONEP has been
entered due to the initial loss of SDC and operators should
be monitoring and considering the need for core cooling.
The control room receives feedback regarding the opening

. and closing of SRVs.

Table G.2.40.3
Potential Operator Action

9
-

0 Description Number of Activities (Tasks) Comments /
of Event Abnormal Required to Perform Source of Information

(1) Events Action and Procedures (4)
(2) (3)

Inadequate decay heat One A. Realize the need and isolate RWCU to stop letdown. It was assumed that at
removal. Operators have least initially, a low
entered the IDHR ONEP B. Per IDHR ONEP (Step 5.1.3c) initiate ECCS water solid operation pressure injection system
and diagnosed the need to would be preferable to
initiate ECCS water solid 1. Check closed MSIVs high pressure system and
operation, but only 1 SRV 2. Ensure that two SRVs ( l in this case) are open LPCI is referred to in
is available. The question is 3. Increase RPV water level with any available injection system. In IDHR ONEP.
whether they will proceed this context LPCI (C) or (B) was assumed first choice if available,
with the initiation of water then HPCS.
solid operation if they
cannot match the ONEPs
demand for 2 SRVs.

<
.b
.
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< Tcble G.2.40.4
Time Availsble to Diagnose and Perform the Task

Action Time by Time at Which Maximum Comments /
(1) Which Operator Time Soune of Information

Operator is Alerted that Available to (S)
Must Symptom has Perform the

Act (T) Occurred (T ) Identified
*

(2) (3) Operator
Activities (T )

"
(4)

Initiate ECCS water 23 min. O minutes 23 min. SEA Calculation C90-492-01-A16
solid operation with Note. There is clearly a dependency between OPECS and
only 1 SRV OPISV. Essentially they constitute the same action, but an
available. This task additional diagnosis is involved in OPISV. Since OPISV is
must occur in the asked only when OPECS succeeds and must occur in the same
same time frame time period, it was decided that the HEP for OPISV would be
allowed for OPECS. determined as if it were OPECS (IIEP 18 in this case), except
That is, it must for one difference. Five minutes less would be available for the
occur in the same 23 diagnosis because of the time lost in responding to the failure to
minutes. get two SRVs open. Operators would probably make several
Functionally, attempts to get one more SRV open and would discuss

9 OPISV is OPECS, proceeding with 1 SRV among each other. The site interviews
G except that only 1 indicated the operators would be likely to proceed with water~

SRV is available. solid operations even though only 1 SRV was available.
OPISV is asked However, given the earlier failure.s 7f the operators and the fact
only when OPECS that proceeding with 1 SRV is not explicitly indicated by
succeeds. procedure, the median diagnosis value from ASEP, Figure 8-1,

rather than the lower bound value, was assigned.
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i

z Table G.2.40.5 =
@ Operator Action Performance Time ym
o

h Activitics Location Travel Performance Total Action Comments /
i A (1) (2) Time (T ) Time (T) Time (T ) Source of Information

E (3) (4) (5) (6)
' *

'

w

1. Isolate letdown CR -

(RWCU)
-

I minute 1 minute Also note that travel and manipulation (performance)
times in the control room were determined using
ASEP Table
8-1, Step Sb, and are grouped under the performance
time column.

2. Check closed CR - 1 minute 1 minute Steps 2,3, and 4 are critical actions for initiatingMSIVs ECCS water solid operation. They were judged to be

-

an integrated set of proceduralized actions and were
assumed to be completely dependent.,

3. Make several CR - 5 minutes 5 minutes Operators at GGNS indicated that proceeding with !attempts to get the ECCS water solid operation with only one SRV would
second SRV open and be a viable and likely option. The immediate objective
discuss proceeding is to get some form of decay heat removal operatingO with 1 SRV and initiating water solid operation with 1 SRV would

] provide core cooling.

4. Ensure 2 SRVs CR - I minute 1 minute
open

5. Initiate LPCI(C) CR - I minute I minute
or (B) or IIPCS per 9 minutes
SOls (approx.) Total

time for all
actions.

1

-



< Tr.ble G.2.40.6
2- Diagnosis Time for Operator Action
u

Action Maximum Time Total Action Time Available Comments /

(1) Available (T ) Time (T ) to Diagnosis (T) Source of
(2) (3) (4) Information" *

(5)

Diagnose need to initiate 23 minutes - 9 minutes 14 minutes
ECCS water solid
operation.

Table G.2.40.7
Diagnosis Analysis

Action Failure to Skill-Based Adjusted / Comments /
(1) Diagnose (3) Final HEP Source of Infonnation

(2) (4) (5)

o Diagnose need to Per ASEP Table 8-3, the Median = 0.08 On the basis of the site interviews, it appeared
g proceed with ECCS median value from Figure 8-1 (EF= 10) that the operators had a clear understanding of
w water solid for 14 minutes diagnosis time this situation and recognized the requirements.

operation with only was assigned. Mean = 0.213 However, given the failure of OPDHR in
i SRV available and some sequences, the need to diagnose the need
determine what the Note. Apparently an error to isolate RWCU, and the failure to get
appropriate actions was made in reading 2SRVs opened, the lower bound value for the
should be. Includes Figure 8-1 in determining diagnosis did not seem appropriate in this
diagnosing need to the median HEP for 14 context.
isolate RWCU. minutes. Appproximately

0.05 would be a better
" reading" of the median
value from Figure 1.
Thus, the llEP for the
diagnosis may be slightly
conservative.
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2 Table G.2.40.8 %y Post-Diagnosis Action Type Identification per Step 10, Table 8-1 of ASEP HRAF
f8

h Action Safety Systems Failed EOPs, Training, Individual Dynamic or Comaments
4 (1)- (2) Use EOPs Well Operator Must Step-by-Step Source of Informatlee! g Designed EOPs Perform Concurrent (5) (6)w

(3) Tasks
(4)

Initiate N/A The site interviews No Step-by-step
ECCS indicated that the
water solid operators were
operation knowledgeable about
with 1 SRV the need for the
available. actions and

requirements.

Table G.2.40.9
Post-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP HRAP

9
.

2 Action T <2h Recire. Phase More Than Two Operator Stress Level Comments /
(1) After IE - in Safety Systems Familiar (6) Source of Information

(2) Large LOCA Fail W/&c,u a (7)
(3) (4) (5);

Initiate N/A' No No* N/A Moderately
ECCS High
water solid

' At least moderately high stress was assumed for all events.

- For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of extremely
high stress. Each human action event was examined as a function of the context.,
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< Table G.2.40.10
9- Total HEP
u

Action Original Independent Total HEP EF Comments /
(1) Operator HEP Check / Correction (4) (5) Source of Information

(HEP ) HEP (6)
(2)* (HEP)

(3)

1. Diagnosis Median = 0.08 - Med. Mean (10) Total HEPs are the sum of the
Diagnose need to proceed with 0.08 0.213 individual HEPs from the diagnosis
ECCS water solid operation Mean = 0.213 and actions.
and determme relevant actions
(ISRV)

2. Actions Given the number of In some sequences covered by these
A. Isolate RWCU Median = 0.02 actions, the problems Med. Mean HEPs, LPCl(C), (B), or HPCS is used

(letdown). with the SRVs,.and 0.02 0.032 (5) depending on the context. To be
Mean = 0.032 the limited time conservative in regards to the context

available, credit for differences, the initiation of the ECCS
B. OPECS actions Median = 0.02 second checks was not Med. Mean (5) system was treated as a separate action

- ensure 1 SRV open given 0.02 0.032 from the other OPECS actions in
- check closed .MSIVs Mean = 0.032 determining the total HEP.

*3 C. Initiate LPCI(C), (B), Median = 0.02 Med. Mean Since both the diagnosis and actions
" or HPCS Mean = 0.032 0.02 0.032 HEPs make significant contributions to

0.14 0.31 (51 the Total HEP in this case, the larger
(10) of the two EFs was assigned.

Total median
HEP = 0.14

Total mean HEP
= 0.31
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2 Table G.2.41.1 =
$ HEP 41 Calculation y-
m
9
Q Human Action Event (1) OPIS (1)

Event Tree (s)(2) P.PP
w

Initiators (3) All transients and LOCAS
~

Sequence Locator Files (4) Multiple files which begin with OPSTH, e.g., OPSTHSTM.ElB.

Event Description (5) OPIS is the operator diagnosis and action to isolate SDC from overpressurization if the auto-isolation on pressure
fails.

OPIS (1)(HEP 41) applies in sequences where the operators have failed to perform actions that are clearly
; indicated by procedure. For example, in most of the relevant sequences, the initiation of ECCS water solid'

operation would be clearly indicated by the context and by the IDHR ONEP, but the operators have failed to
attempt this action (OPECS fails). Since OPSTM.is not a proceduralized action, it was decided that if the operators
had failed to follow procedure and therefore may not be aware of the problem, then credit could not be taken
deciding to steam the vessel, which is not proceduralized and for which the amount of time available is limited.
With the operators failing to steam at low pressure, steaming at high pressure is asked in the P tree. SDC should,

auto-isolate at 135 psi. The operators action to isolate SDC if the auto-isolation fails (OPIS) must occur in the same
time period as OPSTM and given the previous pattern of operator actions, it is not clear that the operators would9 decide to isolate SDC at this point. Thus, OPIS was set to fail (1.0) in these sequences. Auto-isolation of

G SDC on low level is asked later in the tree. Since detailed ASEP HRAP calculations were not required for HEP* 41, Tables 10.1.41.2 through 10.1.41.9 were not included.

Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-02-111-1)
_.

Note. Tables 10.1.41.2 through 10.1.41.9 were unnecessary for HEP 41 and therefore they were not included.
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< Table G.2.41.10
9. Total IIEP
u

Action Original Independent Total IIEP EF Comments /
(1) Operator IIEP Check / Correction (4) (5) Source of Information

(IIEP ) IIEP (6)
(2)* (IIEP)(3)'

Operator decision to Med. = 1.0 Med. = 1.0
isolate SDC from
overpressurization, after Mean = 1.0 Mean = 1.0
failing to follow clear
procedures in what
appears to be an obvious
situation.

h
G
~

2
C
|c
19
O
Fi
78

T.I Ww >

.

*
*



. _ - _ _ _

z Table G.2.42.1 :::
j HEP 42 Calculation y
m
o

h Human Action Event (1) OPSTH (1)

Event Tree (s)(2) P.PP
w

Initiators (3) All transients and LOCAS
.

Sequence locator Files (4) All files beginning with OPSTH, e.g., OPSTHSRV.ElB

Event Description (5) OPSTH is the operator decision and action to initiate steaming of the core at high pressure.

Event Context (6) OPSTH (1) (HEP 42) represents the operator decision to steam the core at high pressure. OPSTH is asked in
sequences where the operators have either failed to attempt to steam at low pressure (OPSTM fails) or attempted
to steam at low pressure but could not get an SRV open in the relief mode. With the vessel " bottled-up," the
operators can decide to steam at high pressure with 1 SRV on its safety set point. Steammg at high pressure
would delay the core uncovering until SDC could be restored. The operators would have up to 4 hours to make
the decision to steam at high pressure and provide makeup with CRD orllPCS. In cases where IA has isolated
and CRD is the only available choice, the operators would have to restore IA.

Applicable Procedures (7) EP-2 (RPV Control) Inadequate Decay Heat Removal ONEP (05-42-02-III-1)
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< Table G.2.42.2
9- Sequence Timing and Indications

Event / Occurrence Time (T ) Annunciator / Indication Commen:s/
(of most interest) Operata (3) Source of

(1) Alerted Information
(2) (4)

Normal means of SDC O Low level 3 alarms will sound and temper:ture and BWRs basically operate by steaming
are gone and a means of pressure will begin to increase. SDC is gone and should be and operators at GGNS indicated that
preventing the core from alarmed. SRVs will open on their safety set points steaming at high pressure would be a
uncovering is needed. eventually. Emergency Procedures, e.g. EP-2, indicate the viable option that would provide time
The operators failed to need for level control. By providing makeup, the operators for determinmg and alleviating
steam at low pressure will have a substantial amount of time for restoring SDC. existing problems.
and with no SRVs open,
the operators will begin
to steam at high pressure
by default. They have 4
hours to provide
makeup.

O
'

Table G.2.42.3.

@ Potential Operator Action

Descripdon Number of Activitics (Tasks) Comments /
of Event Abnormal Events Required to Perfonn Source of Infonnation

(1) (2) Action and Procedures (4)
(3)

Normal SDC is gone and the One 1. In some cases letdown will have Site interviews with opentors
operators have failed to steam at to be isolated. indicated that steaming at high
low pressure. By providing pressure would be a viable option
makeup they will steam die vessel 2. Start a high pressure injection when other means of SDC had
at high pressure. system (CRD or HPCS). In some failed. Operators appeared to be |

cases, IA may have to be restored knowledgeable about the process
to be able to use CRD. and the necessary actions.

|
However, the process is not ;

explicitly described in the relevant
7. procedures.C
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z Table G.2.42.4 :::

g Time Available to Diagnose and Perfonn the Task y
6

h Action Time by Which Time at Which Operator blaximum Time Available Comments /

4 (1) Operator hinst is Alerted that Symptom to Perfonn the Identified Sourte of Infonnation

Act (T) has Occurred (T,) Operator Activities (T,) (5)-

(2) (3) (4)w

Initiate 4 hours 0 4 hours SEA Calculation C90-492-042-
steaming at A16
high
pressure.

Table G.2.42.5
Operator Action Perfonnance Time

Activities Location Travel Perfonnanc- Total Action Comments /

(1) (2) Time (T) Time (l' ) Time (T ) Source of Information
' *

(3) (4) (5) (6)

O
.' 1. Isolate letdown (if CR or locally - Conservatively, Ihour Performance time estimates includes

8 necessary). I hour any necessary travel time. Given the
time available for OPSTH, time is not
really an issue.

7. Initiate CRD or HPCS CR or possibly - Conservatively, Ihour Restoring lA (if necessary) and starting
per SOI. outside CR if IA 1 hour CRD were assumed to be completely
If IA has isolated, must be restored. dependent.

restoration will be
required if CRD is to be
used
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< Table G.2.82.6
Diagnosis Time for Operator Action

Action Maximum Time Total Action Time Available Comments /
(1) Available (T ) Time (T ) to Diagnosis (T,) Source of* *(2) (3) (4) Information

(5)

Steam the vessel at high 4 hours 2 hours 2 hours
pressure.

Table G.2.42.7
Diagnosis Analysis

Action Failure to Skill-Based Diagnosis Comments /
(1) Diagnose (3) (4) Source of Information

(2) (5)

Decide to steam the Per ASEP HRAP Table 8-3, N/A hiedian = 0.002 Interviews with operators indicated a good
vessel at high the upper bound value from awareness of the notion of steaming the vessel

o pressure. ASEP HRAP Figure 8-1 for 2 Nican = 0.005 at high pressure. However, since it is not
g hours diagnosis time was proceduralized and apparently not covered
- assigned. specifically in training, it is not clear that all

operators would (ccide to steam at high
pressure. Neverthsless, in the particular
sequences covered here, the operators are
basically steaming at high pressure by default
and need only provide makeup and isolate
letdown. which would seem to be obvious.
However, with no explicit procedures or
training, per ASEP HRAP Table 8-3, the
upper bound diagnosis value was assigned.
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2 Table G.2.42.8 :::
Q Post-Diagnosis Action Type Identification per Step 10, Table 8-1 of ASEP IDL%P y
b
h Action Safety Systems Failed EOPs. Training, Individual Dynamic or Comments /
6, (1) (2) Use EOPs Well Operator Must Step-by-Step Source of
I Desigrad EOPs Perform Concurrent (5) Infannationw

(3) Tasks (6)
(4)

Start high N/A Interviews indicated No Step-by-Step
pressure that the operators
injection were knowledgeable
system and about the need for
isolate letdown the actions and
if necessary, requirements.

Table G.2.42.9
Po st-Diagnosis Stress-Level Identifiertion per Step 10. Table 8-1 of ASEP IIRAP

o Action T < 2h Recirr. Phase More Than Twc Operator Stress Level Comments /
2. (1) ARerIE in Safety Systems a Familiar (6) Source of
15 (2) Lary,e LOCA Fail W/ Sequence Information

(3) (4) (5) (7)

Start high N/A' N/A No N/A Moderately Substantial time before
t

pressure liigh core damage
injection
system and
isolate letdown
if necessary.

'
At least moderately high stress was assumed for all events.

2

For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of extremely
high stress. Each human action event was examined as a function of the context.

<
--

.

.
. - _ . _



< Table G.2.42.10
2- Total HEP
u

Action Original Independent Total HEP EF Comments /
(1) Operator HEP Check / Correction (4) (5) Source of Infocusation

(UEP ) HEP (6)
(2)' (HEP)

(3)'

l. Decide to steam Median = 0.002 Med. Mean (10)
vessel at high Mean = 0.005 0.002 0.005
pressure.

..

2. Isolate lendosa af Median = 0.02 Credit for a second check was 0.004 0.01 (5) Second check HEPs are -
ma=y. given because of the time multiplied by the

Mean = 0.032 available.
.

original HEP for each
HEIN Sor faihire to provide a action.
n-# check were:

?H 2. = .2
Mean = .323 |

3. Initiate high Median = 0.02 Credit for a second check was 0.004 0.01 {}} The error factor
O pressure injection given because of the time 0.01 0.025 (5) associated with the
Z system (CRD or Mean = 0.032 available. dominant HEPs was
"

HPCS). Includes HEPs for failure to provide a Total Median HEP assigned.
unisolating IA ii second check were: = 0.01
necessary.

Med. = .2 Total Mean HEP
Mean = .323 = 0.025
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2
C :::

z
$ Table G.2.49.1 >
c IIEP 49 Calculation
n
x

Human Action Event (1) OPSThi (2)

Event Tree (s)(2) S, SP, SNP

Initiators (3) All transients and LOCAS
-

Sequence laxator Files (4) All files beginning with OPSTE. e.g., OPSTE51.E2B and files OPSThtilYD.ECN, OPSThtSNP.SNP, and
OPSTMSNP.EIT.

Event Description (5) OPSTM is the operator decision to initiate steaming of the core.

OPSTM (2) (IIEP 49) applies in numerous sequences. It represents the operators decision to steam the vessel to
provide core cooling when they have failed to perform actions that are clearly indicated by procedure. For
example, in many sequences, the initiation of ECCS water solid operation would be indicated by the context and
by the IDHR ONEP, but the cperators have failed to attempt this action (OPECS fails). Since OPSTM is not a
proceduralized action, it was decided that if the operators had failed to follow procedure and therefore may not be
aware of the problem, then credit could not be taken deciding to steam the vessel, which is not proceduralized and
for which the , mount of time available is limited. Thus, OPSTM was set to fail (1.0) in these sequences. If

C OPSTM fails, tne P tree is entered and the question of the operators deciding to steam at high pressure is askeda
I (OPSTil). Significant more time is avhilable for this (OPSTH) operator decision and action, and credit is taken for

the operators doing something at this point. Since detailed ASEP HRAP calculations were not required for HEP 49
Tables 10.1.49.2 through 10.1.49.9 were not included. -

Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-02-III-1)

Note. Tables 10.1.49.2 through 10.1.49.9 were unnecessary for HEP 49 and therefore they were not included.

#
o
-

b

_ - . . , . .- _ _..



6

%$

n
o

i
t

a
sm/

t rno
ef)
min 6(
mfoo
Ce

t
r
uo

S
_
.

_F)5E(

P
E
I
I)

4l

a( 0 0
t

1 1o
T = =

_
.

a
n_

de e
M M

0
1

9P
4. IE

n
o

2. I t i
ntcGl ee )a

t dr *

rP P ')e o nl

bT eoEpC I E 3 -(a Ie/ IT dk
I
(

nceI
h
C

P
E

lI

aI)*n rP)igotE(2
i

raI 0 0
OrIe( 1 1

p
O = =

. n
d a
e e
M M

rr aoe et tflnacn ol wo i ei)
i sl
s sot 1c( c ele oA dvf s

.

er eoroht utt gda mn er
ealicp ei oarOtsf p

i'

<E *- 9 ;;; v. ZC O8% 0



_ _ _ _ _ _ __

Z Ttble G.2.50.1 =
@ HEP 50 Calculation g
$-
h Human Action Event (1) OPECS (14)

Event Tree (s) (2) E,EA,EP,EAP

Initiators (3) TI-5. TIA5H, TIAF16. TIAF40, TIAF93, ElB5H T5D5H, TRFT5, TPRVS, EIT5H,
-

ElV5H

Sequence locator Files (4) OPECSLAP.EAP, OPECSHY2.EP, OPECSHYD.TIA OPECSLEA.TIA, OPECSL5.ElB,
OPECSLPE. eld, OPECSHYD.T5D, OPECSHY2.TRP, OPECSL5.TRP,
OPECSHY2.TRV, OPECSLPE.EIT, OPECSLPE.EIV, OPECSL5.EIT, OPECSLS.ElV

Event Description (5) OPECS is this case includes diagnosing the need to initiate ECCS water solid operation and
performing the relevant actions.

Event Context (6) The important constants for the OPECS (14) calculation (HEP 50) are that the operators
have recognized a loss of SDC (OPSDC or SDCUI succeeds) in the context of the initiator
and have successfully started SDC(B). In some cases the operators have restored an
inadvettent isolation of SDC(B) (RESB succeeds). The operators then initially fail to
diagnose (in 10 min.) a need for level control to avoid a functional loss of SDC caused by
inadequate circulation between the core and the downcomer regions of the RPV (OPDHR9 fails). The inadequate circulation is due to the vs of CRD and/or RWCU and/or forced

E, recirculation. Regardless, in all the relevant seqmces, the operators have been actively*
engaged in responding to the occurring problems. ADHR has been isolated and RWCU has
auto-isolated. The operators must diagnose the need to initiate ECCS water solid operation -
with LPCI (C) or HPCS.

Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-02-111-1, Rev.15), RHR sol (04-1-01-E12-
1, Rev. 44), HPCS SOI (04-101-E22-1, Rev. 28).

#o
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< Table G.2.50.2
9- Sequence Timing and Indications
a

Event / Occurrence Time (T ) Annunciator / Indication Comments /
(of most interest) Operatol- (3) Soutre of

(1) Ale:Ted Infonnation
(2) (4)

IDilR. Need for' O IAss of systems were alarmed and the operators should
initiation of ECCS water accomplish periodic checks of temperatur: and pressure in
solid operation. the new time available. Reactor pressure and coolant

temperature will be rising. The IDliR ONEP has been
entered due to the initial loss of SDC and operators should
be monitoring and considering the need for core cooling.

Table G.2.50.3
Potential Operator Action

Description Number of Activities (Tasks) Comments /
of Event Abnormal Required ta Perform Source of Infonnation

a (1) Events Action and h ocedures (4)
g (2) (3)
u

Inadequate decay heat One Per IDi R ONEP (Step 5.1.3c) initiate ECCS water solid operation It was assumed that at
removal. Operators have least initially, a low
entered the IDilR ONEP. 1. Check closed MSIVs pressure injection system
They must diagnose the 2. Ensure that two SRVs are open would be preferable to
need to initiate ECCS water 3. Increase RPV water level with any available injection system. In high pressure system and
solid operation. this context LPCI (C) assumed to be the first choice if available, LPCI is referred to in

then llPCS. IDilR ONEP.
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_ _

2 Table G.2.50.4 :::
j Time Available to Diagnose and Perform the Task y
5
h Action Time by Which Time at Which Operator Maximum Time Available Comments /
g (1) Operator Must is Alerted that Symptom to Perform the Identified Sourre of Infonnation
7 Act (T ) has Occurred (T ) Operator Activities (T ) (5)(2)g (3) (4)

* "w

In'itiate ECCS water 23 minutes 0 23 Minutes SEA Calculation C90492-01- '

solid operation. A16

Table G.2.50.5
; Operator Action Performance Time

i
Activities Location Travel Performance Total Action Comments /

(1) (2) Time (T,) Time (T) Time (T ) Source of Informatio::
(3) (4) (5) (6)

*

1. Check closed CR - 1 minute I minute Steps 1,2, and 3 are critical actions for initiating ;

a MSIVs ECCS water solid operation. They were judged to be
J an integrated set of proceduralized actions and were
E assumed to be completely dependent.

| 3. Ensure 2 SRVs CR -- 1 minute 1 minute Also note that travel and manipulation (performance) y I

open times in the control room were determined using |,

| ASEP Table
i 81, Step 5b, and are grouped under the performance

time column.
f

i. 4. Initiate ECCS CR - 1 minute I minute Note. ADilR is isolated by procedure in attempting to
system per SOls 3 minutes align SDC(B) in OPSDC.

(approx.) Total
time for all ;

| actions. !

1

| .

. .

?
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< Tr ble G.2.50.6
Diagnosis Time for Operator Action

Action Maximum Time Total Action Time Available Comments /
(1) Available (T ) Time (T ) to Diagnosis (T) Source of

" *

(2) (3) (4) Information
(5)

~

Diagnose need to initiate 23 minutes 3 minutes 20 minutes
ECCS water solid
operation.

_

Table G.2.50.7
Diagnosis Analysis

Action Failure to Skill-Based Adjusted / Comments /
(1) Diagnose (3) Final IIEP Sourre of Information

(2) (4) (5)

o Diagnose need to Per ASEP Table 8-3, the Median = 0.01 On the basis of the site interviews, it appeared
y initiate ECCS water median value from Figure 8-1 (EF= 10) that the operators had a clear understanding of

solid operation and for 20 minutes diagnosis time this situation and recognized the requirements.e
deternune what the was assigned. Mean = 0.027 However, given the operators failure to
appropriate actions initially diagnose the need for level control
should be. (OPDilR fails) and the fact that the

" functional * loss of SDC in this case could be
subtle in regards to detection, the lower bound
value for the diagnosis did not seem
appropriate in this context.

s
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Z Table G.2.50.8 :::$ Post-Diagnosis Action Type Identification per Step 10, Table 8-1 of ASEP IIRAP ym
O

h Action Safety Systems Failed EOPs, Training, Individual Dynamic or Comments
-4 (1) (2) Use EOPs Well Operator Must Step-by-Step Source of Infonnation

Designed EOPs Perform Concurrent (5) (6)*
(3) Tasks

(4)

Initiate N/A The site interviews No Step-by-step
ECCS indicated that thet

'

water solid operators were
operation. knowledgeable about

the need for the
actions and
requirements.

Table G.2.50.9
Post-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP IIRAP

9
8 Action T < 2h Recire. Phase More Than Two Operator Stress Level Comments /

(1) ARer IE in Safety Systems Familiar (6) Source of Information
(2) Large LOCA Fail W/ Sequence (7)

(3) (4) (5)

Initiate N/A' No No' N/A Moderately
ECCS liigh
water solid

' At least moderately high stress was assumed for all events.
2

For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of extremely'

high stress. Each hunun action event was examined as a function of the context.

.
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a: Tchte G.2.50.10
9- Total HEP
r

Action Original Independent Total HEP EF Comments /
(1) Operator HEP Check / Correction (4) (5) Source of Information

(HEP ) HEP (6)
(2)' (HEP )

(3)'

l. Diagnosis Median = 0.01 - Med. Mean Total llEPs are the sum of the
Diagnose need to initiate 0.01 0.027 (10) individual IIEPs fmm the diagnosis
ECCS water solid operation Mean = 0.027 and actions.
and determine relevant actions

2. Actions Given the the limited Since both the diagnosis and actions
time available, credit HEPs make significant contributions to

Initiate ECCS water soild Median = 0.02 for second checks was Med. Mean the Total IIEP in this case, the larger
operation per procedure not given. In addition, 0.02 0.032 (51 of the two EFs was assigned.

Mean = 0.032 failures or problems in 0.03 0.059 (10)
- open 2 SRVs closing MSIVs or
- check closed MSIVs opening two SRVs Total median
- initiate LPCI(C) or would have to be IIEP = 0.03

IIPCS considered by the
9 operators in the same Total mean HEP
@ time period. = 0.059

2:
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Z Tr,hle G.2.51.1 :::
@ HEP 51 Calculation y
$
h Human Action Event (1) OPISV (9)
b.
I Event Tree (s)(2) E.EA,EP,EAP
w

Initiators (3) TI-5, TIASH, TIAF16, TIAF40, TIAF93 ElB5H, T5D5H, TRPT5, TPRV5, EIT5H, ElV5H

Sequence 1.ocator Files (4) OPECSLAP.EAP', OPECSHY2.EP, OPECSilYD.TIA OPECSLEA.TIA, OPECSL5.ElB,
OPECSLPE.EID, OPECSHYD.T5D, OPECSHY2.TRP, OPECSL5.TRP, OPECSHY2.TRV,
OPECSLPE.EIT, OPECSLPE.EIV OPECSL5.EIT, OPECSL5.EIV

Event Description (5) OPISV asks whether the operators will proceed with the initiation of ECCS water solid operation when only
1 SRV can be opened and the IDHR ONEP calls for 2 SRVs to be opened. In essence, OPISV is the same
decision and actions as OPECS (HEP 50), except that only 1 SRV, rather than the two specified by
procedure, will open. OPISV is asked only in sequences where OPECS succeeds

Event Context (6) The important constants for the OPISV (9) calculation (HEP 51) are that the operators have recognized a
loss of SDC (OPSDC or SDCUI succeeds) in the context of the initiator and have successfully started
SDC(B). In some cases the operators have restored an inadvertent isolation of SDC(B) (RESB succeeds).
The operators then initially fail to diagnose (h1 10 min.) a need forlevel control to avoid a functional loss of
SDC caused by inadequate circulation between the core and the downcomer regions of the RPV (OPDHRO fails). The inadequate circulation is due to the loss of CRD and/or RWCU and/or forced recirculation.

G Regardless, in all the relevant sequences, the operators have been actively engaged in responding to the"
-

occurring problems. ADHR has been isolated and RWCU has auto-isolated. The operators have decided to
initiate ECCS water solid operation as directed by procedure (OPECS succeeds). The IDHR ONEP directs
the operators to open 2 SRVs when initiating ECCS water solid operation. The issue is whether the
operators will initiate ECCS water solid operation if only 1 SRV can be opened. OPISV is asked only in
sequences where OPECS succeeds.

Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-02-111-1), RHR SOI (04-1-01-E12-1), HPCS SOI (04-1-01-
E22-1).

S
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< Tzble G.2.51.2
2- Sequence Timing and Indications
u

Event / Occurrence Time (T ) Annunciator / Indication Comments /
(of most Interest) Operatot (3) Sourre of

(1) Alerted Infonnatior
(2) (4)

Deciding to proceed with O Loss of systems were alarmed and the operators should
ECCS water solid accomplish periodic checks of temperature and pressure in
operation when only I the new time available. Reactor pmssure and coolant
SRV is available. Some temperature will be rising. The IDHR ONEP has been
form of SDC is needed. entered due to the initial loss of SDC and operators should

be monitoring and considering the need for core cooling.
The control room gets feedback regarding the opening and
closing of valves.

Table G.2.513
Potential Operator Action

a Description Number of Activities (Tasks) Comments /
/ of Event Abnormal Events Required to rerfonn Source of Infonnation
8 (1) (2) Action and Procedures (4)

(3)

No normal means of SDC is One Per IDilR ONEP (Step 5.1.3c) It was assumed that at least initially, a
available and level control is low pressure injection system would be
needed. The IDilR ONEP directs 1. Check closed MSIVs preferable to high pressure system.
the operators to initiate ECCS 2. Ensure that two (one in this case) LPCI is referred to in IDHR ONEP.
water solid operation. Operators SRVs are open
have decided to go water solid, but 3. Increase RPV water level with any LPCI is initiated from G4-14)l-E12-1,
only 1 SRV is available. The available injection system. In this Step 5.4.2.
question is whether they will context LPCI (C) was assumed
proceed with the initiation of water first choice if available, then - HPCS is initiated from 04-1-01-F22-1,
solid operation if they cannot HPCS. Step 5.2.
match the ONEPs demand for 2
SRVs
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z Table G.2.51.4
$ Time Available to Diagnose and Perform the Task :::

ym
9
Q Action Time by Time at Which Maximum Comments /4 (1) Which Operator Time Source ofg Operator is Alerted that Available to Informationw Must Symptom has Perform the (5)

Act (T) Occurred (T ) Identified
(2) (3) Operator

*

Activities (T )
"

(4)

Initiate ECCS water 23 minutes 0 23 minutes SEA Calculation C90-492-01-A16solid operation with
only 1 SRV available.
This task must occur in Note. There is clearly a dependency between OPECS and

the same time frame OPISV. Essentially they constitute the same action, but an

allowed for OPECS. additional diagnosis is involved in OPISV. Since OPISV is
That is, it must occur in asked only when OPECS succeeds, it was decided that the

the same 23 minutes. HEP for OPISV would be determined as if it were OPECS,
Functionally, OPISV is except for one difference. Five minutes less would be

OPECS, except that available for the diagnosis because of the time lost in

only i SRV is responding to the failure to get two SRVs open. It was
9 available. OPISV is assumed that the operators would make several attempts to

j asked only when get the second SRV open and would discuss the problem
OPECS succeeds among themselves before proceeding.

_
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< Ts.ble G.2.51.5
2- Operator Action Performance Time
u -

Activities Location Travel Perfonnance Total Action Comments /
(1) (2) Time (T') Time (T) Time (T ) Sourre of Infonnation

*
(3) (4) (5) (6)

1. Check closed MSIVs CR - 1 minute 1 minute De critical actions for initiating ECCS
water solid operation were assumed to
.be completely dependent. They were
judged to be an integrated set of
proceduralized actions.

2. Make several attempts to get CR 5 minutes 5 minutes Operators at GGNS indicated that
the second SRV open and proceeding with ECCS water solid
discuss proceeding with I operation with only one SRV would be a
SRV viable and likely option. He immediate

objective is to get some form of decay
heat removal operating and initiating
water solid operation with 1 SRV would
provide core cooling.

3. Ensure 1 SRV open CR -- 1 minute 1 minute

G 4. Initiate ECCS system CR - 1 minute 1 minute
" (per Table 8-1, 8 min. Total

Step Sb, a 1 min. action time
- travel and

manipulation time
was assumed for
each action)
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z Table G.2.St.6 :::
$ Diagnosis Time for Operator Action y
5 .a

h Action Maximum Time Total Action Time Available Comments /
4 (1) Available (T ) Time (T ) to Di gnosis (T) Source of" *n (2) (3) (4) Information'"

(5)

Diagnose need to initiate 23 minutes 8 minutes 15 minutes
ECCS water solid
operation with only 1 SRV
open

Table G.2.51.7
Diagnosis Analysis

Action Failure to Skill-Based Adjusted / . Comments /
(1) Diagnose (3) Final IIEP Sourre of Information

(2) (4) (5)

O
g Diagnose need to Per Table 8-3, the median Median = 0.03 Operators at GGNS indicated that proceeding
& initiate ECCS water value from Figure 8-1 for 15 Mean = 0.08 with ECCS water solid operation with only

solid operation with minutes diagnosis time was one SRV would be a viable and likely option.
only 1 SRV open assigned (EF = 10) The immediate objective is to get some form

of decay heat removal operating and initiating
water solid operation with 1 SRV would
provide core cooling.

$
-
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< Table G.2.51.8
_

Post-Diagnosis Action Type Identification per Step 10, Table 8-1 of ASEP llRAP

Action Safety Systems Failed EOPs, Training, Individual Dynamic or Comments
(I) (2) Use EOPs Well Operator Mud Step-by-Step Source of Information

Designed EOPs Perform Concurrent (5) (6)
(3) Tasks

(4)

Initiate N/A Except for No Step-by-Step Actions are proceduralized.
ECCS proceeding with I
water solid SRV, the actions are
operation clearly specified by
with 1 SRV procedure.
available. Interviews indicated

that the operators
were knowledgeable
about the need for
the actions and
requirements.

O
4 Table G.2.51.9
$ Post-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP IIRAP

Action T :2h Recire. Phase More Than Two Operator Stress Level Comments /
(1) Afle IE in Safety Systems Familiar (6) Source of Information

C) Large LOCA Fail W/ Sequence (7)
(3) (4) (5)

Initiate N/A' N/A No' N/A Moderately Several systems available
ECCS High and substantial time before
water solid core damage.

' At least moderately high stress was assumed for all events.
2

For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of extremely
high stress. Each human action event was examined as a function of the context.
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2 Table G.2.51.10 :::
$ Total HEP
m -

y
O

h Action Original Independent Total IIEP EF ~ Comments /
4 (1) Operator IIEP Check / Correction (4) (5) Source of Informationg (IIEP ) IIEP (6)

(2)* (HEP ,)
w

(3)'

l. Diagnose Med. = 0.03 -- Med. Mean (10)
0.03 0.08

Mean = 0.08

2. Initiate ECCS water solid as Med. = 0.02 Credit for a second 0.02 0.032 fl. Since both HEPs contribute
directed by procedure, except Mean = 0.032 check was not given 0.05 0.112 (10) to the total H EP, the largest
that only 1 SRV is available. because of the time of the two EFs was

limitations and because Total Median assigned.
failures or problems in HEP = 0.05
closing MSIVs open
would have to be Total Mean HEP
considered by operators = 0.112

j in the same time period.
Other problems related!

O to the initiator may also
, G be requiring their
I *

attention.

|

!

|
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< Tcble G.2.52.1
9- HEP 52 CrJcult. tion
A ._

Human Action Event (1) SDCUI (1)

Event Tree (s)(2) ADEP, ADEPP, ADEPS

Initiators (3) TI-5. TRMS, TIOP5, TIOPF65 TLM5H, E2C-5

Sequence laator Files (4) SDCUI.ADP, SDCUI.TRP, SDCUI.TIO, SDCUI.TLM, SDCUI.E2C, SDCUI.TIA

Event Description (5) SDCUI is the operator decision and action to unisolate and use RHR/SDC or ADHR following depressurization
during a HYDRO test.

Event Context (6) SDCUI (1) (HEP 52) represents the operators decision and actions to p. ovide SDC after depressurization during a
HYDRO test. In the relevant scenarios, either forced recirculation is lost or RWCU in the recirculation mode is
lost. Either the operators depressurize the vessel or SRVs open on their safety set points and at least one fails to
close, resulting in depressurization. SDC is needed and the operators have 8.7 hours to diagnose the need and
align a normal means of SDC.

Applicable Procedures (7) RHR SOI (04-1-01-E12-1), Inadequate Decay Heat Removal ONEP (05-5242-111-1)

9
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2 Table G.2.52.2 ::

@ Sequence Timing and Indications y
$
N Esent/ Occurrence Time (T ) Annunciator / Indication Comments /
$ (of most interest) Operato7r (3) Soune of
I (1) Alerted Infonnationw (2) (4)

RWCU or forced O A loss of forced recirculation or RWCU will be alarmed. A
recirculation is lost stuck open SRV will also be indicated, as will the vessel
during a HYDRO test. pressure loss.
Depressurinion of the
vessel occurs and SDC
is needed.

Table G.2.52.3
Potential Operator Action

a Description Number of Activities (Tasks) Comments /
6 of Event Abnormal Events Required to Perform Soune of Information8 (1) (2) Action and Pmeedures (4)

(3)

The vessel has depressurized One Align an initiate an SDC system. Alignment of SDC is a frequently
during a llYDRO test and the performed action during LP&S
operators will need to provide a conditions. It is proceduralized.
normal means of SDC. Level is
high enough for natural
recirculation, to all that is needed
for the these scenarios is SDC
(RIIR/SDC or ADHR).

#
o
-

4
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< Table G.2.52.4
. Time Available to Diagnose and Perfonn the Task

Action Time by Which Time at Which Operator Maximum Time Available Comments /
(1) Operator Must is Alerted that Symptom to Perform the Identified Source of Infonnation

Act fr) has Occurred (T ) Operator Activities (T ) (5)
* *

(2) (3) (4)

Align and 8.7 hours 0 8.7 hours SEA Calculation C90-492-052-
initiate an A16
SDC
system.

Table G.2.52.5
Operator Action Performance Time

Activities Location Travel Performance Total Action Comments /
(1) (2) Time (T,) Time (T ) Time (T ) Source of Information

' *
(3) (4) (5) (6)

o
4 Align (unisolate) and start Control Room -- 5 minutes 5 minutes
S SDC system.

2
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2 Table G.2.52.6 :::
$ Diagnosis Time for Operator Action y
6
N Action Maximum Time Total Action Time Available Comments /i

$ (1) Available (T ) Time (T ) to Diagnosis (T,) Source of" *

I (2) (3) (4) Information
"

(5)

Realize the need to initiate 8.7 hours 5 minutes At least 8 hours
SDC.

.

Table G.2.52.7
Diagnosis Analysis

Action Failure to Skill-Based Diagnosis Comments /
(1) Diagnose (3) (4) Source of Information

(2) (5)

Decide to align and Per ASEP HRAP Table 8-3. N/A Median = 2.0E-5 HYDRO tests are performed late in shutdown
initiate SDC. the median value from ASEP and the operators know SDC is needed if

o .HRAP Figure 8-1 for 8 hours Mean = 1.7E-4 depressunztion occurs.
diagnosis time was assigned.

_$
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< Table G.2.52.8
Post-Diagnosis Action Type Identification per Step 10, Table 8-1 of ASEP IIRAP

Action Safety Systems Failed EOPs, Training. Individual Dynamie or Comments
(1) (2) Use EOPs Well Operator afust Step-by-Step Source of Information

Designed EOPs Perform ConcmTent (5) (6)
(3) Tasks

1 (4)

Unisolate N/A Interviews indicated No Step-by-Step
and start that the operators
SDC. were knowledgeable'

about the need for
the actions and
requirements.

Table G.2.52.9
Post-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP HRAP

o Action T <2h Recirt. Phase afore Than Two Operator Stress Level Comments /
4 (1) After IE in Safety Systems Familiar (6) Sourte of Information
8 (2) Large LOCA Fail W/ Sequence (7)

(3) (4) (5)

Unisolate N/A' N/A No N/A Moderately 4 kbnantial time before core2

and start High i Asnage and several safety
SDC. ," systems available.

'
At least moderately high stress was assumed for all events.

2
For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of extremely
high stress. Each human action event was examined as a function of the context.
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Z Table G.2.52.10 =j Total IIEP y
Es
~

Q Action Original Independent Total IIEP EF Comments /
4 (1) Operator HEP Check / Correction (4) (5) Sourre of Infortnation
I (IIEP ) HEP (6)

(2)* (HEP)
w

(3)'

I. Diagnose need to Median = 2.0E-5 Med. Mean (30)
align and st' art a 2.0E-5 1.7E-4
normal means of I Mean = 1.7E-4
SDC. '

2. Align and start Median = 0.02 Credit for a second 0.0008 0.0033 (.5] Second check HEPs are
SDC system. check and third check 8.2E-4 3.5E-3 (5) multiplied by the original HEP

Mean = 0.032 was given. HEPs for for each action. Third check '

failure to provide a Total Median HEP HEPs are multiplied by the
second and a third = 8.2E4 result obtained from applyingcheck were; the second check.

Total Mean liEP
Med. =_ .2 = 3.5E-3 The error factor from the9 dominant HEP was assigned.g Mean = .323

t

6

O--

A

. -
-



--

- - ,

1e$
(0,Q Q

' 4,
v &@ asyv IMAGE EVALUATION ,4 49
st, Y b

//g/ 'k '# (gf TEST TARGET (MT-3) 6 4 4,

V<>+ % <e
%

I.o ;;e m
(||ES3

i.i [ e Ha
| I.8
\ ==am

I.25 1.4 1.6
__

>
4 150mm

>
4 .- 6"

/!b
)a>4,efff?y%,_ g;,+p

'

////,, .

xx .q
,

,

- -.- .



- - - -

- .,

&
t.grA

'

[[jj/// g\o,Sbe .e
p
# 8'Uk>*' *# IMAGE EVALUATION

x\//o//7 '
fV /g,,/j

[
/

% "' egit* TEST TARGET (MT-3)

gf7fp7
@ (Sjjj'

4

+ %

I. o U " m
P [j 222-

i: 'n ""

|,j $P hb
! At

M d _'i 1'6

>
4 - 150mm

|

>
4________.-

- 6"

k,%q", +* 4 ~
n * if| / ,/ 4f% f /////o \4> e * x-- -

. ,

,t , ". -

,6,(b. <p gn# 4 ,;, % ,

' <8*'\4
Op

'$'*
A>

,

- . . _ . . .



_ _ - - _ _ _ _ .

' s ,

. 4"dt>
% q )@ R '" *b" \\s\(O

, $q,$ g,
a

IMAGE EVALUATION ,

f/
\//o// v, [ %k/ t[<vgjbfTEST TARGET (MT-3)"

:
(p///

v <* > + p,
^

s,

4 <S
%

l.0 E "* W
II ;|| l'Ill2.0b DillE

o

|-| t lhhas=a
'

: ._ _

a-

I.25 1.4 1.6
_-

>
4- 150mm

>
4 - 6"

Ar % + sAo4/,, +a Nh ////A .'k/o/,. . -

sp,f@9'&g
s o

f x * g,,+,'

N/
4N .g

ap

O
7 <p,s./

,

;; }

. . _ _



'

1'
,

R e $'
t.e 'a) ko 4

%'@W 4;-) IMAGE EVALUATION
'

'? - [[/ ,g j [ $ /!g,, ( 4 ,\//g/77'if' *$* TEST TARGET (MT-3) 9f//

A(Y ////\\\\////+ gj <u

l.0 d |." M
|| 1 ll!!!E

i,i ta E3
' l.8

___

l.25 I l I i.6
l

.4
l=

| >
"t 150mm

|
>

4 _ _ _ . . . _ _ . - 6"

4:|9;A r> >/; 4 7j + /Ao<$
4%; //4N

4
/ ,%,,

--

,

$> ,,e, .

, .

. ..



T
, , ,

1$(d
t43 "4

//jjg// gNNoq.efe '4 /9 &' >f .9 % IMAGE EVALUATIONs

TEST TARGET (MT-3) NN/ [,[9 4|g\ yff y 4 p

%f/j/gy)# k's k?
/,

+ %

i.o -
|~ ||| I!H1
p A spo

j,| in n ==.

l l.8
,

| __

l.25 1.4 1.6
==

-_

>150mm4--

>6"

l* - - ---

A> I%// + /// cr
g & y ,/ b'y,,,, +p,sfs,'', 3* gs ^/sg - , o.

.

,' q;,'. N e,

d[$6 q&~
Oy - 4*a ,

a

. . .



< Table G.2.M.1
E- HEP M Calculation
s

Human Action Event (1) RM-LT

Event Tree (s)(2) L,LA,LP,

Initiators (3) All transients

Sequence locator Files (4) RM-LT.ElB, RM-LT.TIO OPDHR&.LP&, OPDHR&.TIA, OPDHR.TDB, OPDHRP.T5D, OPDHRP.ElB,
OPDHRP.EID, OPDHRP.E2D, OPDHRLP.EIT, OPDHRLAP.ElV, OPDHR.TlH, OPDHROP.TIH,
OPDHR.TIF, OPDHR.TDB, OPDHR.TSD, OPDHR.ElB, OPDHR.EID, OPDHR.E2D, OPDHR.EIT,
OPDHR.ElV, OPDHR&.LPA, OPDHR&.TIA, OPDHR.TDB, OPDHRP.T5D, OPDHRP.ElB, OPDHRP.EID,
OPDHRP.E2D, OPDHRLP.EIT, OPDHRLAP.ElV, OPDHR.TLM, OPDHR.TRP, OPDHR.TIH,
OPDHROP.TIH, OPDHR.TIF, OPDHRHYR.TIO, OPDHRHYR.TLM, OPDHRHYR.TRP, OPDHRHYR.TRV

Event Description (5) RM-LT is the operator action to restore makeup in the long term after a loss of all makeup (RWCU) and letdown
(CRD). ~lhe objective is to compensate for vessel leakage. The operators have 10 hours to provide makeup with an
ECCS system.

Event Context (6) For the RM-LT calculation (HEP 56), CRD is lost, but SDC and forced i&uc.14ies continues to run. OPDHR-

O pxHs. That is, the operators have isolated letdown (RWCU) and attempted to initiate CDS. However, CDS
y fails or is unavailable. Wita no makeup, the operators need to use an ECCS system to provide makeup in the long

term to compensate for vessel leakage. Operators have done everything correctly to this point.

Applicable Procedures (7) No specific procedures, but the inadequate Decay Heat Removal ONEP (05-1-02-111-1) would be relevant, as
would the relevant SOls, e.g., RHR SOI (04-1-01-E12-1).

Z
C
b
Q
8
:c
6 *
e 5

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



.

2 ::
$ Table G.2.M.2 $

; 8 Sequence Timing and Indications
i R
I c

b Event / Occurrence Time (T ) Annunciator / Indication ConsnesWs/
O (of most interest) Operator 0) Sourre of

*

(1) Alerted Infonnation
(2) (4)

Gradualloss oflevel due O The operators have done everythmg conectly to this point
to leakage. Level control and are aware of the systems which have beca lost and
(makeup) is needed. isolated. He loss of CDS will be alarmed and the

| operators should check level numerous times over a 10
hour period. He situation clearly indicates the need to have
some form of makeup available and to ensure level stays at
the appropriate level.

| Table G.2.M.3
I o Potential Operator Action

4
8

Description Number of Activities (Tasks) Comments /
of Event Abnormal Events Required to Perform Source of Infor==tia=

(1) (2) Action and Procedures (4)
0)

Gradual loss oflevel due to One De operators need to increase
leakage. Level control (makeup)is RPV water level with an ECCS
needed. system.

|

|

|

<
E
.

_ _ _ _ _ _ _ _ . . _ _ _ _ _._



< Tchie G.2.56.4
Tiene Available to Diagnose nad Morus the Task

Action Tiene by Which Tiene at Which Operator Maaisninn Thne Available Counuments/

(1) Operator Mest is Alerted that Symptoni to Morni the Identdied Source ofInfonnation

Act (T) has Occurred (T) Operator Activities (T,) (5)
(2) (3) (4)

De operators need to 10 hours De loss of CDS (at time 0) 5 hours SEA rat 8-%m C90-492-01-
diagnose the need to will indicate the need for level A16
increase level to avoid control. Levellosses will be
in=<taquate core indicated at least within 5 ,

cooling. hours. Conservatively assunni ,

5 hours.

i

Table G.2.56.5
Operator Action Mormance Time i

O
h
8 Activities Location Travel Monnance Total Action Ca====ts/

!
(1) (2) Time (T,) Time (T) Time (T,) Source of Infonnaison

(3) (4) (5) (6)

Control level with an CR - 2 minute 2 minutes Note that travel and - , - ' - + (m' +)-

ECCS system. times in the control room were deserunned using
ASEP Table
8-1, Step $b, and are grouped under the
perforrnance time column.

The actions involved in initiating a malteep system
were assumed to be completely depedent. System
initiation would be proceduralised.
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2 Tcble G.2.56.6 %
Diagnosis Time for Operator Action 5

0
_

n
28 Action Maximum Time Total Action Time Available Commends /

h (1) Arailable (T,) Time (T,) to Diagnosis (T) Source of
(2) (3) (4) Infonnationw

(5)

The operators need to 5 hours 2 minutes Approx. 5 hours
diagnose the need to
increase level to avoid
inadequate core cooling.

Table G.2.56.7
Diagnosis Analysis

__

Action Failure to Skill-Based A4usted/ Comments /
o (1) Diagnose (3) Final IIEP Source of Infonnation
Q (2) (4) (5)
=

Diagnose need to Per ASEP Table 8-3, the Med. = 3.0E-5 The site interviews indicated that the
provide makeup median value from Figure 8-1 operators are aware of the problem of concern

for 5 hours diagnosis time was Mean = 2.5E-4 and have a clear understanding of thei

assigned. rixtuirements.
|

|

|

{
|

<
b
.



i

< Ttble G.2.56.8
b Post-Diagnosis Action Type Identification per Step 10, Table 8-1 of ASEP HRAP
r

Action Safety Systems Failed EOPs, Training, individual Dynamic or Conunents

(1) (2) Use EOPs Well Operator Must Step-by-Step Soune of Infonnation
Designed EOPs Perform Concurrent (5) (6)

(3) Tasks
(4)

Initiate an N/A Interviews indicated No Step-by-step

injection that the cperv. ors
system to were knowledgeable

provide about the need for

makeup. the actions.

Table G.2.56.9
Post-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP IIRAP

Q
h !

8 Action T <2h Recire. Phase More Than Two Operator Stress Level Comments /

(1) After IE in Safety Systems Familiar (6) Source of Infonnation

(2) Large LOCA Fail W/ Sequence (7)

(3) (4) (5)

Initiate an N/A' N/A No N/A Moderately Several systems available2

injection High and substantial time before

system to core damage.

provide
makeup.

' At least moderately high stress was assumed for all events.
For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of*

extremely high stress. Each human action event was examined as a function of the context.2
C
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. __ _________________ - ____ - _ _ _ _ _ _ _ _ - ___ ____

Z Tchte G.2.56.10 3:
-@ Total HEP $
8
n
g Action Original Independent Total HEP EF Commments/
g (1) Operator HEP CheddCorrection (4) (5) Source of
w (HEP ) HEP Idennation

(2)' (HEP,) (6)
(3)

,

;

1. Diagnosis Med. = 3.0E-5 - Med. Mean 3.0E- (30)
,

5 2.5E-4 i
Mean = 2.5E-4

2. Initiate an injection system to Med. = 0.02 Credit for a second and 8.0E-4 3.3E-3 [3,. Second and third
provide makeup and vessel level Mean = 0.032 a third check were 8.3E-4 3.6E-3 (5) check HEPs are
control. givesi because of the nedtiplied with

substantial time Total Median HEP the original HEP
available with little else = 8.3E-4 for each action.
of concern. The
operators have done Total Mean %e enor factor

[ everythmg correctly to HEP = 3.6E-3 associated with |
g this point. the donunant

HEPs for failure to HEPs was
.

provide a second and assigned.
|third check were:
,

Med. = .2
,

Mean = .323

J
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< Table G.2.57.1
E-

HEP 57 rearmanein.
r

Human Actum Evet (1) OPIS (2)

Event Tree (s)(2) P PP

Initiators (3) All transients and LOCAS

Sequece 1.ocesor Files (4) Multiple files be o -g with OPSTH, e.g., OPSTHSRV.PPs

Event Description (5) OPIS is the operator daagnosis and action to isolate SDC from ve.y. anten if the auto-isolabon on pressure
fails.

Evet Context (6) la the sequences relevant to OPIS (2) (HEP 57), the operators have been attempting to follow pr==t=re, but for
any of several reasons have not been successful. For example, in some sequenas the operneors attempt to i==e=a.
ECCS water solid operabon per the IDHR ONEP (OPECS succeeds), but 2 SRVs fail to open. De opermeors
either fail to open 1 SRV (OPISV) and proceed with going water solid or 1 SRV (ISRVB) fails to open and they
can't go water solid. In either case, they did successfully diagnose the need to initiate water solid opershon and
tried to open two SRVs. With no SRVs open, the operators should be aware of the fact that peessure will be
going up. The low pressure piping needs to be isolated at 135 psi (auto isoishon at 135 psi) and the operators

{ should receive an alarm prior.to 135 psi. In addition, if the auto-isolahan fails, the operneors should get an
:- isolation failure signal. Thus, in scenanos like this, where the operators are attempung to follow pv - *-- w

.

whether or not they consciously decide to steam at low pressure (OPSTM fails or =mccaaria), they should have j
some probability of realizing the need to manually isolate the low pressure papag (OPIS) if the auch )
fails (RHRIP). OPIS must be done in the same time period as OPSTM (23 nanuses). SDC nest be isolated if the 1

operators decule to steam at high pressure (OPSTH)

Note. In some sequences, SDC has been isolated (e.g., by the initiator) prior to eneermg the P tree where OPIS
is asked. For these sequences, OPIS was set to succeed (0).

Applicable Procedures (7) EP-2 (RPV Control), Inadequate Decay Heat Removal ONEP (05-57-02-111-1)
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _

Z Table G.2.57.2 :I:
h Sequence Timing and Indications $
8
a
y EvenUOccurrence Time (T,) Annunciator / Indication Comments /
g (of most interest) Operator (3) Sourte of

(1) Alerted Infonnationw

(2) (4)

Normal means of SDC 5 minutes Vessel pressure will be increasing. He low pressure piping When at full power, the Technical
are gone and a means of needs to be isolated at 135 psi (auto-isolation at 135 psi) Specifications indicate that the low
preventing the core from and the operators should receive an alarm prior to 135 psi. pressure piping should auto-isolate at
uncovering is needed. In addition, if the auto-isolation fails, the operators should 135 psi.
One option is to steam at get an isolation failure signal. SRVs will open on their
high pressure. However, safety set points eventually.
with pressure increasing,
the operators will need
to ensure that SDC
isolates to prevent
overpressurizing the low

g pressure system.

$!
w

Table G.2.57.3
Potential Operator Action

Description Number of Activities (Tasks) Comments /
of Event Abnormal Events Required to Perfonn Source of Information

(1) (2) Action and Pmcedures (4)
(3)

Normal SDC is gone and pressure One Manually close valves to isolate Site interviews with operators
is increasing. He operators need SDC low pressure piping. indicated that (at least for now) the
to ensure SDC isolates to prevent auto-isolation oflow pressure
overpressurization. piping remains in place during

LP&S conditions and that the
operators are aware of the
potential for overpressunzation of
the low pressure piping.

P--

.
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. .

p Tcbie G.2.57.4
Time Available to Diagnose and Ptrform the Taskr

u

Action Time by Which Time at Which Operator Maxisnum Time Available Communents/

(1) Operator Must is Alerted that Symptom to Perfonn the Identified Source ofInfore

Act (T) has Occurnd (T,) Operator Activities (T,) (5)
(2) (3) (4)

! Isolate SDC 23 minutes 5 minutes 18 minutes SEA Calculataan C90492-057-
| ifit fails to (Auto-isolation signals may not A16

auto- occur right at the begmning of
isolate. the time wmdow. Signals should

occur within the first 5 minutes).

Table G.2.57.5
; Operator Action Performance Time
:

Activities Location Travel Perfonnance Total Action CM - ro
4 (1) (2) Time (T,) Time (T ) Time (T ) Source of Infonnation

' *U (3) (4) (5) (6)

Isolate SDC if auto- CR - 1 minute 1 minute Per ASEP Table 8-1, Step 5b, a 1 min. '

isolation fails. travel and manipulation time was
assumed for each critical action. .

!

!
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Z Table G.2.57.6 2:

k- Diagnosis Time for Operator Action $
o
B
W Action Maximian Time Total Action Time Available Comuments/

h (1) Available (T,) Time (T,) to Diagnosis (T) Sourte of
(2) (3) (4) Infonnation"

(5)

Isolate SDC if auto- 18 minutes I minute 17 minutes
isolation fails.

~

Table G.2.57.7
Diagnosis Analysis

Action Failure to Skill-Based _ Diagnosis Comments /

(1) Diagnose (3) (4) Source of Informatine ,

(2) (5)
*

Q
4 Isolate SDC if auto- Per ASEP HRAP Table 8-3, - N/A Median = 0.02 Given the Technical Specifications for full
I isolation at 135 psi the median value from ASEP power, the fact that GGNS pobey currently

fails. HRAP Figure 8-1 for 17 Mean = 0.053 specifies that the auto-isolation naam in
minutes diagnosis time was place during shut &mn, and the staffs apparent
assigned. awareness of the potential problem -..,2

during the site interviews,
per ASEP HRAP Table 8-3, the upper madian
diagnosis value was assigned.

i
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_

g TrAle G.2.57.8
~ 1%st-Diagnosis Action Type Identification per Step 10, Table 8-1 of ASEP HRAF

Action Safety Systens Failed EOPs, Training, Individual Dynamic or C-1 '

(1) (2) Use EOPs Weft Operator Must Step-by-Step Source of
Designed EOPs Perform Concurnnt (5) Infonnation

(3) Tasks (6)
(4)

Isolate SDC N/A Interviews indicated No Step-by-Step
from the CR. that the operators'

were knowledgeable
about the need for
the actions and
requirements.

Table G.2.57.9 i

o Post-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP HRAP
!d
w

Action T < 2h Recire. Phase ' More Than Two Operator Stress Level Conunents/
(1) AfterIE in Safety Systems Familiar (6) Source of

(2) LarRe LOCA Fail W/ Sequence infonnation
(3) (4) (5) (7)

2Isolate SDC. N/A' N/A No N/A Moderately Substantial time before
High core damage

' At least moderately high stress was assumed for all events.
2 For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of

extremely high stress. Each human action event was examined as a function of the context.
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a

2 Table G.2.57.It m

f Total HEP $
Q
8
y Action Original Independent Total HEP EF Casaments/
g (1) Operator HEP Check / Correction (4) (5) Source of Infonnation

(HEP ) HEP (6)
"

(2)' (HEP)
(3)

1. Decide to isolate Median = 0.02 Med. Mean
SDC if auto- .0.02 0.053 (10)
isolation on high Mean = 0.053
pressure fails.

2. Isolate SDC. Median = 0.02 Credit for a second check was 0.004 0.01 [51 Second check HEPs are
given because of the 0.024 0.063 (10) multiplied by the

Mean = 0.032 indications and because the original HEP for each
control room has been Total median HEP action.
performing correctly in the = 0.024
relevant sequences. HEPs for The error factor

y failure to provide a second Total mean HEP associated with the
g check were: = 0.063 dommant HEP was

assigned.
Med. .2
Mean = .323
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g Tchie G.2.58.1
P HEP 58 Calculation
u .

Human Action Event OPDHR (3)
(1)

Event Tree (s) (2) L,LP,

laitiators (3) RWC74 RWC26, TI-5, TSD5H, TLM5H, TRPTS, TIOP5, TIOPF65. TORV5, E2C-5 -

iSequence 1.ccator OPDHR&.LP&, OPDHR&.TIA, OPDHRHYD.TIA OPDHR.TDB, OPDHRP.T5D, OPDHRP.ElB, OPDHRP.EID,

Files (4) OPDHRP.E2D, OPDHRLP.EIT, OPDHRLAP.EIV, OPDHR.TLM, OPDHR.TRP, OPDHR.TIH, OPDHROP.TIH,
OPDHR.TIF, OPDHRHYD.E2C, O?DHRHYD.LP, OPDHRHYD.TIO, OPDHRHYD.TLM, OPDHR'tYD.TRP,
OPDHRHYD.TRV

Event Description (5) OPDHR is the operator action to control vessel level in order to avoid a " functional * loss of SDC caused by inadequte
circulation between the core and the downcomer regions of the vessel. Hat is, even if SDC continues to operate, if vasel
level becomes too low, a " disconnect" between the core and downcomer regions can occur. His will result in ina/ equate
cooling of the core even though SDC continues to operate. The indications to the operators that the evet is occu. ring can be
subtle because temperature readings are apparently taken from the downcomer region, where the water being croled by SDC
is returned. Also, the vessel level would not be so low that any level alarms would sound. A loss of forced rer,irculation, ora

g a loss of makeup (usually CRD) coupled with continued draindown, can lead to inadequate level. Only 10 n mutes was
allowed for the operator diagnosis and actions in OPDHR.w

Event Context (6) The important constants for the OPDHR (3) calculation (HEP 58) are that the control was conducting a HYDRO test when
the initiator occurred. He initiator directly impacts the systems that create the potmtial " disconnect proble m." An SRV
opens on its safety set point and fails to close, resulting in vessel depressurization. De operators recogmze: the need for SDC
and successfully initiate SDC(B) (SDCUI rucceeds). RWCU assumed isolated or contmiled, ne operators had 8.7 hours to
accomplish SDCUI. At this point the operators have done everythmg correctly and have had ample time to ca.wdder potetial
problems. With the recognized loss of SDC, the IDHR ONEP would be pulled. Oiven the previous events, the operators
would be attending to level and related concerns.

Applicable Procedures No specific procedures, but the Inadequate Decay Heat Removal ONEP (05-1-02-111-1) would be.reLvant, as would the

(7) relevant SOls, e.g., RHR SOI (04-1-01-E12-1).
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Z |t:
h Table G.2.58.2 $
$ Sequence Timing and Indications'
Pi
30i

h Event / Occurrence Time (T,) Annunciator / Indication Comments /
I w (of most interest) Operator (3) Sourte of

(I) Alerted Information
(2) (4) .

IDHR caused by O As noted in Table G.2.58.1, the indications for this event
inadequate circulation may be subtle because vessel temperature readings could be
between the core and the misleading and no level alarms would sound. However, in
downcomer regions of all the sequences covered, CRD and/or forced recirculation
the vessel. Level control is lost. Rese events will be alarmed and if the operators
(makeup) is needed. are knowledgeable regarding the potential problem, these

indications should suffice. Moreover, given the previous
events, operators will have had ample time to consider
potential problems and relevant signals.

o
@ Table G.2.58.3
" Potential Operator Action

1
' Description Number of Activitics (Tasks) Comments /

of Event Abnonnal Events Required to Perfonn Sourre of Information
(I) (2) Action and Procedures (4)

(3)

A " functional" loss of SDC leads One he operators need to increase
to IDHR. The operators need to RPV water level with any available
diagnose the need and increase injection system. CRD (if
vessel level. available), CDS, or an ECCS

system are possible choices.

<o
:-
A
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< Tcbie G.2.58.4
Time Avdlable to Diagnose r.nd Perform the Task

Action Time by Mhich Time at Which Operator Maximum Time Available Comments /
(1) Operator Must is Alerted that Symptom to Perform the Identified Source of Information

Act (T) has Occurred (T,) Operator Ac:frities (T,) (5)
(2) (3) (4)

The operators need to 10 minutes 0 10 Minutes SEA Calculation C90492-01-
diagnose the need to A16
increase level to avoid
inadequate core
cooling.

Table G.2.58.5
Operator Action Performance Time

o
e'a Activities Location Travel Performance Total Action Comments /
G (1) (2) Time (T,) Time (T,) Time (T,) Source of Infonnation

(3) (4) (5) (6)

If available, increase CR - 1 minute 1 minute Note that travel and manipulation (performance)
flow with CRD. If CRD times in the contml room were determmed using
is not available and SDC ASEP Table
is not being provided by 8-1, Step Sb, and are grouped under the
SDC(B), use CDS. performance time column.
Otherwise, use an ECCS
system. The actions involved in initiating a makeup system
Note. With only 10 min. were assumed to be completely dependent. System
available for OPDHR, if initiation would be proceduralized.
CDS was asked and it
failed, credit was not
taken for both CDS and

C an ECCS system.

E
o
N
90

b
e 7
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Z Table G.2.58.6 :I:
$ Diagnosis Time for Operator Action fm
9
n
* Action Maximum Time Total Action Time Available Comments /

-f- (1) Available (T,) Time (T;) to Diagnosis (T) Sounte of
(2) (3) (4) Informationu

(5)

The operators need to 10 minutes I minutes 9 minutes
diagnose the need to
increase level to avoid
inadaluate core cooling.

Table G.2.58.7
Diagnosis Analysis

Action Failure to Skill-Based Adjusted / Comments /

a (1) Diagnose (3) Final HEP Sourte of Information

$ (2) (4) (5)
o

Diagnose need to Per ASEP Table 8-3, the lower Med. = 0.01 The site interviews indicated that the
provide makeup bound value from Figure 8-1 operators are aware of the problem of concern

for 9 minutes diagnosis time Mean = 0.027 and have a clear understandmg of the
was assigned. requirements. 'Ibe lower bound diagnosis

value wasjudged appropnate in these
scenarios because of the successes of the
operators and the time avspable aAer the
initiator to consider potential problems that
could arise. Essentially, more tinr is
available bec=nw of the fact that they were in

,

HYDRO test.

<
b
.



< Table G.2.58.8
Post-Diagnosis Acth Type Identification per Step 14, TEble 8-1 of ASEP HRAP

Action Safety Systems Failed EOPs, Training, Individual Dyp==icor Casaments

(Q (2) Use EOPs Wdi Operator Must Step-by-Seep Source ofInfonnation
Designed EOPs FWfonn Concunent (5) (6)

(3) Tasks
*

(4)

Initiate an N/A Interviews indicated No Dynanuc.
injection that the operators

.'system to were knowledgeable Given that the
provide about the need for operators would
makeup. the actions, have deterame

which system to
start a their own, -

the actions were
assumed to be
dynanuc, per
ASEP.g

b
-

Table G.2.58.9
Post-Diagnosis Stress-12 vel Identification per Step 10, Table 8-1 of ASEP HRAP

4

Action T < 2h Recirt. Phase More Than Two Operator Stress levd ramunement

(1) After 1E in Safety Systans Fannitiar (6) Source of Infor==tia=
(2) Large LOCA Fail WIL, a (7)

(3) (4) (5)

Initiate an N/A' N/A No' N/A Moderately Several systems available

injection High and mibetantial time before

system to core damage.

provide
makeup.

C
b
9 ' At least moderately high stress was assumed for all events.

O ' For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of
:E '

8 extremely high stress. Each human action event was exammed as a function of the context.
O h
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2 Tchte G.2.58.10 :::
h Total IEP $
8
s
y Action Original Independent Total llEP EF Comments /

(1) Operator IEP Check / Correction (4) (5) Source of-

(HEP ) HEP Informationw

(2)' (HEP ) (6)
. (3)

1. Diagnosis Med. = 0.01 - Med. Mean (10)
0.01 0.027

Mean = 0.027

2. Initiate an injection system to Med. = 0.05 Credit for a second 0.05 0.081 _(5L Since both HEPs
provide makeup and vessel level Mean = 0.081 check was not taken 0.06 0.108 (10) contribute to the total
control. because of the time HEP, the larger error

limitations. Total Median factor was assigned.
HEP = 0.06

Total Mean HEP
9 = 0.108
N
u

o
.-
M



< Tchle G.2.71.1
E HEP 71 Calculation
.

Human Action Event (1) OPICT

Event Tree (s)(2) EC, ECP, EX, ECX, ECAC, ECNP, ECNPL, FC, FCP, FCAC

Initiators (3) All initiators (Transients and LOCAS)
'

Sequence locator Files (4) All files beginning with OPICT, e.g., OPICTE.EIT, with the exception of files labeled OPICTCAU, e.g.,
OPICTCAU.TIF. OPICT is also found in some files beginning with SPMUN.

Event Description (5) OPICT is the operator action to close an open containment.

Event Context (6) For OPICT (HEP 71), the operators have successfully initiated ECCS water solid operation to provide SDC. If
containment is open, it was assumed that the operators would want it closed. However, in the present scenarios,
only 6.4 hours would be available for closing an open containment. On the basis of discussions with plant
personnel, it was determined that up to 12 hours could be required to close the large equipment hatch. Thus,
OPICT was set to fail in all scenarios. Credit was taken for closing the lower personnel le .h during recovery.
Since detailed ASEP HRAP calculations were not required for HEP 71. Tables 10.1.71.2 through 10.1.71.9 were
not included.

O

h Applicable Procedures (7) EP-3 (Containment Control), Inadequat: Decay Heat Removal ONEP (05-1-02-111-1).

Note. Tables 10.1.71.2 thmugh 10.1.71.9 were unnee. uary for HEP 71 and therefore were not included.

Z
C
h
O
N
|c
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b $

- -- -- ------------- _-_-_ --- --- - - -- _ -- _ --_ ---- _ _ - - - _ _ - _ - _ - - _ - - - - _ - - _ - - _ - - - - - - - - - - - - - -



Table G.t.71.19 xg g '

TotalHEPg
l O
I 5

g Action Original Independent Total HEP EF Cemmments/

g (1) Operator HEP Check / Correction (4) (5) Source ofInf%
(HEP ) HEP (6)"

(2) (HEP)
_

(3)

Close an open Med. - 1.0 - Med. = 1.0
containment.

Mean - 1.0 Mean = 1.0

0

b.

<
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< Table G.2.73.1
E HEP 73 Calculation
r

Human Action Event (1) OPCMT, OPSTL, and OPVNT (in trees con *=inmg OPCMT, e.g., FC).

Event Tree (s)(2) For OPCMT and OPVNT, trees FC, FCAC, FCACP, FCACX, FCP, FCX, FCACN, and FCN.
For OPSTL, trees PISOL, PISLP, and PISLX

Initiators (3) All -

Sequence locator Files (4) N/A

Event Description (5) OPCMT is long-term openmg of contamment. OPVNT is venting of contamment. OPSTL is operator's =e~n=ng ,

of core in HYDRO.

Event Context (6) The time available to perform OPCMT (54 hours), OPSTL (33 hours), and OPVNT (54 hours, whest it occurs in
trees with OPCMT) exceeds the mission time of 24 hours. "Ihus, none of the sequences with these events needed
to be analyzed and no HEPs were computed. Since detailed ASEP HRAP calculations were not required for HEP
73, Tables 10.1.73.2 through 10.1.73.9 were not included.

Applicable Procedures (7) N/A
O
h

z
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h
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2: Tcbie G.2.73.10 "

:r:
$ Total HEP $- ,|
8
a
W Action - Original Independent Total HEP EF Comments /b (1) Operator HEP _ Check /Cornction (4) (5) Source of Infonnation

''

O (HEP ) HEP (6)
(2)* (HEP,)

(3)
.

'

M-aca with OPCMT, Not analyzed N/A Not analymi
OPSTL, and OPICT in
trees with OPCMT did
not be analyzed.

4

O
f$
.

.

i

-

< ,

b '
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< Ttble G.2.77.1
P- HEP 77 Calculation
a

Human Action Event (1) OPDHR (4)

Event Tree (s)(2) L,LA,LP,

Initiators (3) TtOPS. TIOPF65

Sequence Locator Files (4) OPDHR.TIO -

Event Description (5) OPDHR is the operator action to control vessel level in order to avoid a " functional" loss of SDC caused by
inadequate circulation between the core and the downcomer regions of the vessel. That is, even if SDC continues
to operate, if vessel level becomes too low, a " disconnect" between the core and downcomer regions can occur.
His will result in inadequate cooling of the core even though SDC continues to operate. He indications to the
operators that the event is occurrmg can be subtle because temperature readings are apparently taken from the
downcomer region, where the water being cooled by SDC is returned. Also, the vessel level would not be so low
that any level alarms would sound. A loss of forced recirculation, or a loss of makeup (usually CRD) coupled with
continued draindown, can lead to inadequate level. Only 10 minutes was allowed for the operator diagnosis and
actions in OPDHR.

[ Event Context (6) ne important constants for the OPDHR (4) calculation (HEP 77) are that a mismatch between letdown and

U makeup has occurred (because of a decrease in letdown) which leads to a potential overpressurization of the vessel.
In this scenario (TIOP5 initiator), the operators have responded to the problem by controlling makeup (LCMK
succeeds). later in the scenario, makeup (CRD) fails or doesn't fail. SDC(B) or ADHRS has continued to run.
RWCU may be functioning (even if at a decreased rate), which could lead to a draindown of the vessel if CRD has
failed. OPDHR calls for operators to control level either: 1) before the lowering of level leads to a disconnect
between the core and the aowncomer, which could result in a " functional * loss of SDC, or 2) before increasing

level leads to overpressurization of the vessel. A loss of CRD would be alarmed, as would a level decrease to level
4. Similarly, levels 7 and 8 would also be alarmed if level was increasing. While operators may have only 10 min.
to diagnose and respond to the problem, they successfully responded to the earlier mismatch between letdown and
makeup (LCMK) and should be closely monitoring level. Hus, OPDHR in this context is somewhat different than
in other transients. In spite of the fact that the existing conditions might not directly enter the operators into a
procedure, they will be striving to keep water level at the appropriate place. In cases where CRD is lost, the
operators will have to decide which system to use to provide the makeup (most likely an ECCS system unless SDC
is from ADHRS, in which case CDS might be an option).

Z
h Applicable Procedures (7) No specific procedures, but the inadequate Decay Heat Removal ONEP (05-102-111-1) would be relevant, as

$ would the relevant SOls, e.g., RHR SOI (04-101-E12-1).
8
:c
b Z
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i

|
!

| Z :::
| @ Table G.2.77.2 %g S rm.in, and imbestio.

n
:=

b EvenUOcciarrence Time (T ) Ann ==riator/ Indication Ca=====#=1
D (of most intered) Operator (3) Source of

*

(1) Alerted lefor-=ei==
(2) (4)

IDHR caused by O As noted in Table 77-1, the indications for this evet may
'

inadequate circulation be subtle because vessel ^w a . readmgs could be
I between the core and the misleadmg and no level alarms would sound. However, in
| downcomer regions of all the sequences covered. CRD and/or forced recirculation

the vessel. Level control is lost. These events will be alarmed and if the operators
(makeup) is needed. are knowledgeable regardag the potential problem, these

indications should suffice. Moreover, the operators have
been actively controlling level and will have had ample
time to consider potential problems and relevant signals.

O
g Table G.2.77.3
= Potential Operator Action

_

Description Nuniber of Activities (Tasks) C======8=1
of Event Abnormal Events Required to Ptrform Source of Information

(1) (2) Actnen and Procedures (4)
0)

A * functional" loss of SDC leads One The operators need to increase
to IDHR. The operators need to RPV water level with any available

i diagnose the need and increase injection system. CRD (if
. vessel level. available), CDS, or an ECCS

system are possible choices.

|

|

<
! S
| *

,
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< Tchle G.2.77.4 <

Time Available to Diagnose and 1%rform the Task~

Action Time by Which Time at Which Operator Wximian Time Available Comments /

(1) Operator Must is Alerted that Symptom to Perfonn the Identilbl Sourte of Information

Act (T,) has Occurmi (T,) Operator Activities (T ,) (5)
,

(2) (3) (4)

The operators need to 10 minutes 0 10 Minutes SEA Calculation C90-492-01-

diagnose the need to A16

increase level to avoid
madequate core
cooling.

Table G.2.77.5
Operator Action Performance Time

O
s2 Activities Location Travel Performance Total Action Comments /
O (1) (2) Time (T,) Time (T) Time (T,) Source of Infonnation

(3) (4) (5) (6)

If available, increase CR - 2 minutes 2 minutes Note that travel and manipulation (performance)

flow with CRD. If CRD times in the control room were determmed using

is not available and SDC ASEP Table

is not being provided by 8-1, Step Sb, and are grouped under the

SDC(B), use CDS. performance time colunm.
Otherwise, use an ECCS

system. The actions involved in initiating a makeup system

Note. With only 10 min. were assumed to be completely dependent. System

available for OPDHR, if initiation would be proceduralized.

CDS was asked and it
failed, credit was not
taken for both CDS and

c an ECCS system.

b
O
8
|c
6 |I:

b h

- __ - _ _ - _ - _ _ - - _- __ - - _ - - - - - - - - - - - - - - _ _ - - -



_ _ _ _ _ _ _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Z Tcble G.2.77.6 x
E Diagnosis Time for Operator Action $
o
Pi
W Action Maximum Time Total Action Time Available Comments /

h (1) Available (T,) Time (T,) to Diagnosis (T) Source of
w

(2) (3) (4) Infonnation
(5)

The operators need to 10 minutes 2 minutes 8 minutes
diagnose the need to .I

increase level to avoid
inadequate core cooling.

Table G.2.77.7
Diagnosis Analysis

Action Failure to Skill-Based Adjusted / Comments /
o (1) Diagnose (3) FinalIIEP Sourte of Infonnation
@ (2) (4) (5)
o

Diagnose need to Per ASEP Table 8-3, the lower Med. = 0.015 The site interviews imib= tai that the
provide makeup bound value from Figure 8-1 operators are aware of the pmblem of concern

for 8 minutes diagnosis time Mean = 0.04 and have a clear understanding of the
was assigned. requirements. The lower bound diagnosis

value was judged .pp.vyuete in these
scenarios because of the successes of the
operators, the fact that they have been
concerned with level, and the time available
after the initiator to consider potential
problems that could arise (given level control
success in LCMK).

#
o
--

b
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g Tcbie G.2.77.8
Post-Diagnosis Action Type Identification per Step 10, Table 8'-2 of ASEP HRAPr-

u

Action Safety Systens Failed EOPs, Training, Individual Dynamic or Comments

(1) (2) Use EOPs Well Operator Must Step-by-Step Source of Information
Designed EOPs Perform Concunent (5) (6)

(3) Tub
(4)

Initiate an N/A Interviews indicated No Dynamic.
injection that the operators
system to were knowledgeable Given that the
provide about the need for operators would
makeup. the actions. have determme

which system to
start on their own,
the actions were
assumed to be
dynamic, per
ASEP.g

b
Table G.2.77.9

Post-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP HRAP

Action T < 2h Recire. Phase More Than Two Operator Stress Level Comments /

(1) AIter IE in Safety Systerns Familiar (6) Source of Information
(2) Large LOCA Fail W/ Sequence (7)

(3) (4) (5)

2Initiate an N/A' N/A No N/A Moderately Several systems available

injection High and substantial time before
system to core damage.

provide
makeup.

C
E

f At least moderately high stress was assumed for all events.'
2

:= For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarilY lead to an assumption of
k extremely high stress. Each human action event was examined as a function of the context. Z

O h
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Z Tame G.2.77.10 :x:
'

E Total HEP $--g
B
y Action Original Independent Total HEP EF Ca h
I (1) Operator HEP Check / Correction (4) (5) Seura of

(HEP ) HEP Infoen"

| (2)' (HEP,) (6)

,
. (3)

j 1. Diagnosis Med. = 0.015 - Med. Mean (10)
O.015 0.04'

| Mean = 0.04 ,

2. Initiate an injection system to Med. = 0.05 Credit for a second 0.05 0.081 m Since both HEPs

| provide makeup and vessel level Mean = 0.081 check was not taken 0.065 0.12 (10) contribute to the total
! control. because of the time HEP, the larger enor
! limitations. Total Median factor was assigned.

j HEP = 0.065

! Total Mean HEP
9 = 0.12,

i e
"

!

I

!

|

|

|

|

:
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|
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< Tcble G.2.78.1
E- HEP 78 Calculation
s.

Human Action Event (1) OPECS (18)

Event Tree (s)(2) EA

Initiators (3) TIOP5, TIOPF65. TLM5H TRFr5

Sequence Locator Files (4) - OPECSADS.TIO, OPECSADS.TLM, OPECSADS.TRP

Description (5) OPECS is this case includes diagnosing the need to initiate ECCS water solid operation and
performing the relevant actions.

Event Context (6) The important constants for the OPECS (18) calculation (HEP 78) is that the control room has
failed to diagnose the loss of SDC (ADHR) in 37 minutes (OPSDC fails). That is, in 37 min. the
control room has not diagnosed the loss of SDC or entered the IDHR ONEP. However, by
requirements (every 30 min.) the reactor temperature (and/or pressure) chart recorder wvuld very
likely be checked (to reveal increases) in the 23 min. available for this event. In addition, if a boil-
off had begun, a low level alarm (level 4) may occur. With the additional time and new indicators,
it was assumed that the IIEP computations for OPECS etc. would parallel those for similar events

y in which the need for an ECCS system must be diagnosed and the related actions carned-out

g without a successful OPSDC.
In OPECS (18) (HEP 78), the operators must recognize the loss of ADHR and enter the IDilR
ONEP. In some cases, prior to initiating ECCS water solid operation, the operaton will need to
isolate ADHR from the control room. The IDHR ONEP directs the operators to initiate ECCS
water solid operation (LPCI, HPCS, or both are available, depending on context).

Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-02-111-1), RHR SOI (04-1-01-E12-1), llPCS SOI

(04-1-01-E22-1).

z
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Z Table G.2.78.2 =
$ Sequence Timing and Indications $
o
a
:c Event /Ou.- ma Time (T ) Annunciator / Indication Comments /

b (of most intenst) Operator (3) Sourte of*

8 (1) Alerted Infonnation
(2) (4)

IDHR. Need for level O In addition to numerous alarms and indications which
control and core cooling. would already be present, reactor temperature (and in some

cases pressure) will be increasing). The crew is required to
check the chart recorders every 30 minutes and with the
additional time available for OPECS, these checks should
occur. Furthermore, a low level alarm would also be likely
to occur during this period. 'Ihe ONEP for IDHR directs
the control room to initiate ECCS to water solid operation
in this context.

Table G.2.78.3
o Ibtential Operator Action

!.:! _

Description Number of Activities (Tasks) Comments /

of Event Abnonnal Events Required to Perfonn Source of Information

(1) (2) Action and Procedures (4)
0)

Inadequate decay One 1. Isolate ADHR from the control rt.,m by closing 8 or 9 valve. Where SDC(B) has failed, RHR(B)
heat removal. The assumed unavailable. It was also

IDHR ONEP 2. Per IDHR ONEP (Step 5.1.3c) Initiate ECCS water solid assumed that at least initially, a

directs operators operation low pressure injection system

to initiate ECCS _
would be preferable to high

water solid 1. Check closed MSIVs pressure system. In some

operation. 2. Ensure that two SRVs are open sequences, however, HPCS is the
3. Increase RPV water level with any available injection choice due to the initiator, e.g.,

system. In this context LPCI (C) or (B) was assumexi T5 ASH (loss of SSW).
first choice if available, then HPCS.

LPCI is initiated from 04-1-01-
E12-1 Step 5.4.2.

HPCS is initiated from 04-101-<
2- E22-1, Step 5.2.

'
l

._ ._ ,



< Tr ble G.2.78.4
P- Time Available to Diagnose and Perform the Task

Action Time by Which Time at Which Operator Maximum Time Available Comments /

(1) Operator Must is Alerted that Symptom to Perform the Identified Source of Infonmation
Act (T,) has Occurred (T,) Operator Activities (T,) (5)

(2) (3) (4)

initiate ECCS water 23 minutes 0 23 Minutes
-

SEA Calculation C9(M92-Ol-
solid operation. A16

Table G.2.78.5
Operator Action Performance Time

Activities Location Travel Performance Total Action Comments /

(1) (2) Time (T ) Time (T) Time (T ) Source of Information
' *

(3) (4) (5) (6)

o 1. Retrieve and CR - 5 minutes (ASEP 5 minutes 5 minutes to retrieve and read ONEP is a conservative

@ read ONEP for Table 8-1, Step assumption given the training the operators receive.
Inadequate Sa) However, the delay seemed consistent with the " diversityu

Decay Heat of activities" ongoing during LPS, which might delay
Removal control room response to some extent.

2. Isolate CR - I minute 0 minutes - if
ADHR fmm action necessary,
the control assumed to be
room by done in parallel
closing 8 or 9 with OPECS
valve, if actions below
necessary.

3. Check CR - 1 minute 1 minute The critical actions for initiating ECCS water solid
closed MSIVs operation were assumed to be completely dependent.

They were judged to be an integrated set of actions.

z 4. Ensure 2 CR - 1 minute I minute Also note that per ASEP Table 8-1, Step 5b, a 1 min.

g SRVs open travel and manipulation time was assumed for each
action.

tT1
O
8 5. Initiate CR - I minute 1 minute

$ ECCS system (per Table 8-1, 8 min. Total g

g Step Sb

_ _ _ _ _ _ - _ _ _ _ _ _ _ _ - _ - _ _ _ _ - _ _ _ _ - - _ _ _ _ _ _ - _ _ - _ . - - _ - _ _ _ _ - _ _ _ _ _ . - - - _ _ - - _ _ _ _ - _ _ - - _ _ _ _ _ _ _ - - - .
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z Tchle G.2.78.6 :::
Diagnosis Time for Operator Action $

0
io

N Action Maximum Time Total Action Time Available Comments / P

h (1) Available (T,) Ti ne (T,) to Diagnosis (T) Source of

(2) (3) (4) Informationw

(5)

Diagnose need to go ECCS 23 minutes 8 minutes 15 minutes
-

water solid

Table G.2.78.7
D-W Analysis

Action Failure to Skill-Based Antjusted/ Comments /

(1) Diagnose (3) FmalIIEP Source of Information

(2) (4) (5)

O
s>
M Diagnose need to go Per ASEP Table 8-3, the Med. = 0.04 For this event, the operators have failed to

ECCS water solid median value from Figure 8-1 diagnose the loss of SDC in spite of several

for 15 trinutes diagnosis time Mean = 0.106 indications (OPSDC or OPDHR have failed).
was assigned. Given these previous failures, it was judged

that the lower bound diagnosis value would
not be appropnate even though the site
interviews indicated that the operators have a
clar understandmg of the procedure and the
requirements.

I
-

A
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g Tcble G.2.78.8
Post-Diagnosis Action Type Identification per Step 10, Table 8-1 of ASEP HRAP~

_

Adian Safety Systems Failed EOPs, Training, Individual Dynamic or Conunents

(1) (2) Use EOPs Well Operator Must Step-by-Step Source of Infonnation
Designed EOPs Perform Concurrent (5) (6)

(3) Tasks
(4)

Initiate N/A Actions clearly No Step-by-Step

ECCS specified by
water solid procedure.
operation. Interviews indicated

that the operators
were knowledgeable
about the need for
the actions and
requirements.

O
b!
" Table G.2.78.9

Post-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP HRAP

Action T < 2h Recire. Phase More Than Two Operator Sinss Level Comments /

(1) After IE in Safety Systems Familiar (6) Source of Information

(2) Large LOCA Fail W/ Sequence (7)

(3) (4) (5)

laitiate N/A' N/A No* N/A Moderately Several systems available

ECCS High and substantial time before

water solid core damage

' At least moderately high stress was assumed for all events.
For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of'

z
j extremely high stress. Each human action event was examined as a function of the context.

O
a
W
6 =
0 E

- _ - - - _ --- ------- ---- - - _ --- _ -
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2 Table G.2.78.10 |r:
- Total HEP %
O
?,
W Action Original independent Total HEP EF Ch
.I. (1) Operator HEP Check / Correction (4) (5) Source of,

| (HEP ) HEP Infonmationw

j (2)' (HEP) (6)
'

(3)

1. Diagnosis Med. - 0.04 - Med. Mean (10),

! 0.04 0.106
Mean = 0.106

2. Initiate ECCS water solid per Med. - 0.02 Credit for a second 0.02 0.032 .LH. ~ne error factor
procedure. Mean = 0.032 check was not given 0.06 0.138 (10) associated with the

because of the time don =w HEP was
I limitations and because Total Median assigned.
| failures or problems in HEP = 0.06
I closing MSIVs or
I openmg 2 SRVs would Total Mean HEP

Q have to be considered = 0.138
y by operators in the same

i time period i.e.,
OPMSV and OPISV.

#
o
-

A
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< Table G.2.79.1 I

'

. HEP 79 Calculation

Human Action Event (1) OPECS (19) '

Event Tree (s)(2) E,EA

Initiators (3) TIOPS, TIOPF65, EIT5H

Sequence Locator Files (4) OPECSP.TIO, OPECSP.EIT

Event Description (5) OPECS is this case includes diagnosing the need to initiate ECCS waner solid opershon
sad pfm. .g the relevant actions.

Event Context (6) 'Ihe important constants for the OPECS (19) c=W8-% (HEP 79) are that the operators
have failed to successfully control letdown and makeup in response to situations that lead ;

to an increase in level (LCMK fails), such as misnistch betwee makeup and leedown.
Later in the scenano SDC isolates on high pressure. A panp trip alarm v.xaid occur and
level 7 and 8 alarms would sound if they haven't alrmdy. Pressure would be incressmg. ,

Given the two hours preceding the need to do ----- ''; and the numerous mdicators
present, it was assumed that the operators will have entered the IDHR ONEP prior to

y OPECS. They will need to stop makeup (CRD), start LPCI, and perform relM OPECS
g actions for initiating ECCS water solid operation. OPMSV is set to 0 in this acmano

because the vessel would not pressurize with the MSIVs open.
.

Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-02-III-1, Rev.15), RHR SOI (04-1-01-E12-
1 Rev. 44), HPCS SOI (04-1-01-E22-1, Rev. 28).

.
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Z Ttble G.2.79.2 :::
Sequence Timing and Indications $

0
Fi
N Event /Occumnce Time (r ) Annunciator / Indication Comments /

h (of most interest) Operatir (3) Source of
(1) Alerted Informationw

(2) (4)

IDHRJ Need for O Ims of systems were alarmed, several level and pressure
initiation of ECCS water alarms should sound, and the operators should accomplish
solid operation. periodic checks of temperature and pressure in the new

time available. Reactor pressure and level will be rising.
Given the amount of time precedmg the need to respond
and the numerous indicators, it was assumed that the IDHR
ONEP has been entered.

__

Table G.2.79.3
Potential Operator Action

O
s>,

| 8 Description Number of Activities (Tasks) Comments /
of Event Abnormal Required to PWform Source of Information

|

(1) Events Action and Procedures (4)
( (2) (3)

Inadaluate decay heat One 1. Stop makeup (CRD). It was assumed that at
removal. Operators have least initially, a low
entered the IDHR ONEP. 2. Per IDHR ONEP (Step 5.1.3c) initiate ECCS water solid operation pressure injection system
They must diagnose the would be preferable to
need to initiate ECCS water 1. Check closed MSIVs high pressure system and
solid operation and stop 2. Ensure that two SRVs are open LPCI is referred to in
makeup. 3. Increase RPV water level with any available injection system. IDHR ONEP.

| In this context LPCI (C) assumed to be the first choice if
i available, then HPCS.
l

<
$
u



< Tchie G.2.79.4
Time Available to Diagnose and Perform the Task

Action Time by Which Time at Which Operator Maximum Tine Available C <I'

(1) Operator Must is Alerted that Symptom to Perform the Identified Source of Information

Act (T) has Occurred (T,) Operator Activities (T,) (5)

(2) (3) (4)

knitiate ECCS water 23 minutes 0 23 Minutes SEA Calculation C90-492-01-

solid operation. A16

Table G.2.79.5
Operator Action Pt formance Time

Activities Location Travel Performance Total Action Comments /

(1) (2) Time (T,) Time (T) Time (T,) Source of Information
(3) (4) (5) (6)a

h 1. Stop makeup CR - I minute I minute

(CRD)

2. Check closed CR - I minute 1 minute Steps 2, 3, and 4 are critical actions for initiating

MSIVs ECCS water solid operation. "Ihey were judged to be
an integrated set of proceduralized actions and were
assumed to be completely dependent.

3. Ensure 2 SRVs CR - I minute I minute Also note that travel and manipulation (performance)
times in the control room were determmal usingopen
ASEP Table
8-1, Step 5b, and are grouped under the performance
time column.

4. Initiate ECCS CR - 1 minute I minute
system per SOls 4 minutes

(approx.) Totalc
@ time for all
Q actions.

O
a z

b h
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Z Tame G.2.79.6 m
l h Diagnosis Time for Operator Action ' $m

O
Fi
y Action Marisnian T~ ne Total Action Tinee AM Comuments/m

(1) AvaileMe (T,) Time (r,) to Diagnosis (T) Seura of-

"
(2) (3) (4) Inforunation,

(5)

Diagnose need to initiate. 23 minutes 4 minutes 19 nunutes,

ECCS water solid
operation.

; -

Tame G.2.79.7
Diagnosis Analysis

Action Failure to Skill-Based Adjisted/ Comamments/

(1) Diagnose (3) Final HEP Source of Infer ==da=
o (2) (4) (5)
I
o

Diagnose need to Per ASEP Table 8-3, the lower Median = 0.001 On the basis of the site interviews, it appeared
| initiate ECCS water bound value from Figure 8-1 (EF= 10) that the operators had a clear --- * - " ; of

^

| solid operation and for 19 minutes diagnosis time this situation and recognued the requirennents.
d1...a what the ~ was assigned. Mean = 0.0027 Moreover, given the nuanerous ==84 and
appropriate actmas the obvious need to stop ==km and provide
should be. some form of SDC, the lower bound value

from ASEP was asagned.

,

.~ |-

* j.
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< Table G.2.79.8
Pest-Diagnosis Action Type Ida=*in,=tia= per Step IS, Table 8-1 of ASEP HRAF

Action Safety Systemas Failed EOPs, Training, Individual Dyneseneor em
(1) (2) Use EOPs Well Operator Must 4 by-Seep Source of Infennation

Designed EOPs Perform Concurrent (5) (6)
(3) Tasks

(4)
,

Initiate N/A "khe site interviews No Step-by-esep

ECCS umhcated that the
water solid operators were
operation. knowledgeable about

the need for the !

actions and
requirements.

i

O
Q Table G.2.79.9 ,

Post-Diagnosis Stress-Level Id==*iGcation"

per Step le, Table 8-1 of ASEP HRAP

L

Action T < 2h . Recire. Phase More Then Two Operator Stress Level Communents/

(1) AAer IE in Safety Systeins Fasnitiar (6) Source of Infonmatism
(2) Large LOCA Fail W/Sequemee (7)

(3) G) (5)
'

_

2Initiate N/A'. No No N/A Moderasely ;

ECCS - High
water solid

' At least moderately high stress was assumed for all events.
: For the LPS cavironment (usually long-term sequences) a failure of more than two safety systems did not necessenly lead to an =====5*non ofy

C extremely high stress. Each human action event was exannned as a function of the context.
E
O
N
:s
b Z
b 5
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Z Table G.2.79.10 m
E Total HEP $
8
n
y Action Original Independent Total HEP EF Comments /
g (1) Operator HEP Check /Correcten (4) (5', Source of

(HEP ) HEP Informationw

(2)' (HEP ) (6)
(3)

1. Diagnosis Med. = 0.001 Med. Mean Total HEPs are the
Diagnose need to stop CRD, 0.001 0.0027 (10) sum of the individual
initiate ECCS water solid Mean = 0.0027 HEPs from the
operation sad determme diagnosis and actions.
relevant actions.

2. Actions Given the numerous indications and Second cimek HEPs
that fact that operators wou:d get Med. Mean (5) are multiplied by the

A. Stop makeup. Median = 0.02 immediate feedback if the failed to 0.004 0.01 original HEP for
accomplish the actions,it was decided each action.

Mean = 0.032 that for this case (even though limited
9 time was available), credit for second He error factor
[ B. Initiate ECCS water solid Median = 0.02 checks would be appropriate. Med. Mean associated with the

operati.m per procexlure 0.004 O_.&1 (il dommant HEPs was
Mean = 0.032 HEPs for failure to provide a second 0.009 0.023 (5) assigned.

- epec 2 SRVs check were:
- check closed MSIVs Total median HEP
- initiate LPCI(C) or Median = 0.2 = 0.009

HPCS
Mean = 0.323 Total mean HEP

= 0.023
I -.ma w

<
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< Table G.2.M.1

{ HEP M Calculation

Human Action Evat (1) OPISV (14)

Event Tree (s)(2) E,EA

laitiators (3) TIOPS, TIOPF65, EIT5H
_

Sequence locator Files (4) OPECSP.TIO, OPECSP.EIT

Event Description (5) OPISV asks whether the operators will proceed with the initiation of ECCS water solid operaten
when only 1 SRV can be opened and the IDHR ONEP calls for 2 SRVs to be opmed. In cosmce,
OPISV is the same decision and actions as OPECS (HEP 79), except that only 1 SRV, rather
than the two specified by procedure, will open. OPISV is asked only in sequences where OPECS
succeeds and must occur in the same time period.

Event Centext (6) The important constants for the OPISV (13) calculation (HEP 80) are that the operators have
failed to successfully control letdown and makeup in response to situaanons that lead to an increase
in level (LCMK fails), such as mismatch between makeup and letdown. Later in the scenarm
SDC isolates on high pressure. A pump trip alarm would occur and level 7 and 8 alanns would

[ sound if they haven't already. Pressure would be incressmg. Given the two hours y.A the
0; need to do somethmg and the numerous indicators present, it was assumed that the operators will

have enteral the IDHR ONEP prior to OPECS. 'Ihey will need to stop makeup (CRD), start
LPCI, and perform related OPECS actions for initiating ECCS water solid operation. OPMSV is
set to 0 in this scenario because the vessel would not pressurim with the MSIVs opm. The
operators decide to initiate ECCS water solid operation. 'Ibe IDHR ONEP directs the operators to
open 2 SRVs when initiating ECCS water solid operation. 'Ibe issue is whether the operators will
initiate ECCS water solid operation if only 1 SRV can be opmed. OPISV is asked only in
sequena where OPECS week

Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-02-111-1, Rev.15), RHR Sol (04-1-01-E12-1, Rev.
44), HPCS SOI (04-1-01-E22-1, Rev. 28).
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z Table G.2.80.2 :::
h Sequence Timing and Indications $
$ _ _ _

:o Event /Cu- me Time (T ) Annunciator / Indication Ca ===t<I

h (of most interest) Operator (3) Source of
*

(1) Alerted Informationw

(2) (4)

Dwiding to proceed with O Loss of systems were alarnwd, several level and pressure
,

| ECCS water solid alarms should sound, and the operators should accomplish
operation when only I periodic checks of temperature and pressure in the new
SRV is available. Some time available. Reactor pressure and level will be rising.
form of SDC is needed. He control room gets feedback regarding the opening and

( closing of SRVs.

Table G.2.80.3
Potential Operator Action

O
A Description Number of Activities (Tasks) Ca=====*st
8 of Event Abnormal Required to Perform Source of Information

(1) Events Action and Pmcedures (4)
(2) (3)

i No rnrmal means of SDC is One 1. Stop makeup (CRD). It was assumed that at
! available and level control least initially, a low
| is nealed. De IDHR 2. Per IDHR ONEP (Step 5.1.3c) initiate ECCS water solid operation pressure injection system

ONEP directs the operators would be preferable to
to initiate ECCS water solid 1. Check closed MSIVs high pressure system and
operation. Opentors have 2. Ensure that two SRVs (one in this case) are open LPCIis refermi to in
decided to go water solid, 3. Increase RPV water level with any available injecdon system. IDHR ONEP.
but only 1 SRV is available. In this context LPCI (C) assumed to be the first choice if
The question is whether available, then HPCS.
they will proceed with the
initiation of water solid
operation if they cannot
match the ONEPs demand
for 2 SRVs.

#o
--

b
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g Table G.2.80.4

{ Time Avcilable to Diagnose cnd Perfomt the Task

Action Time by Time at Which Maximum Comments /
(1) Which Operator Time Source of

Operator is Alerted that Available to Information
M ust Symptom has Perform the (5)

Act (T,) Occurred (T,) Identified
(2) (3) Operator

Activities (T,)
(4)

Initiate ECCS water 23 min. O minutes 23 min. SEA Calculation C9(M92-01-A16.
solid operation with
only 1 SRV Note. There is clearly a dependency between OPECS and OPISV.
available. This task Essentially they constitute the same action, but an additional
must occur in the diagnosis is involved in OPISV. Since OPISV is asked only when
same tin:e freme OPECS succeeds and must occur in the same time period, it was
allowed for OPECS. decided that the HEP for OPISV would be determmed as ifit
Hat is, it must were OPECS (HEP 79 in this case), except for one differece.g

A occur is the same .'ive minutes less would be available for the diagnosis because of
D 23 minutes. the time lost in responding to the failure to get two SRVs open.

Functionally, Operators would probably make several attempts to get one more
OPISV is OPECS, SRV open and would discuss pmceedmg with 1 SRV among each
except that only I other. He site inte views indicated the oper . tors would be likely.

SRV is available. to proceed with water solid operations even though only 1 SRV
OPISV is askal was available. However, the fact that proceedmg with 1 SRV is
only when OPECS not explicitly indicated by procedure, the median diagnosis value
succee&. from ASEP, Figure 8-1, rather than the lower bound value, was

assigned.
__.
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Z Table G.2.80.5 :::

h
Operator Action 1%rfonnance Time y

O
F5
:c Activities Imtion Travel Performance Total Action Comments /

h (1) (2) Time (T,) Time (T) Time (T,) Source of Information
(3) (4) (5) (6)w

1. Stop makeup CR - 1 minute 1 minute

(CRD)

2. Check closed CR - 1 minute 1 minute The critical actions for initiating ECCS water solid
MSIVs operation werejudged to be an integrated set of

proceduralized actions and were assumed to be
completely dependent.

3. Make several CR - 5 minutes 5 minutes Operators at GGNS ir-ta=ta_i that proceedag with
attempts to get the ECCS water solid operation with only one SRV would

,
'

second SRV open and be a viable and likely option. The immediate objective

discuss proceeding is to get some form of decay heat removal operating

with 1 SRV and initiating water solid operation with i SRV would

o provide core cooling.
w
A 4. Ensure 2 SRVs CR - 1 minute 1 minute Also note that travel and manipulation (yafmne.r.4)

times in the control room were determmed usingopen
ASEP Table
8-1, Step Sb, and are grouped under the performance
time column.

j

5. Initiate ECCS CR - I minute I minute
system per SOls 9 minutes

(spprox.) Total
time for all
actions.

-

t

|
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< Ttble G.2.80.6
Diagnosis Time for Operator Action

Action Maximurn Time Total Action Time Available Conunats/
(1) Available (T,) Time (T,) to Diagnosis (T,) Source of

(2) (3) (4) Information
(5)

Diagnose need to initiate 23 minutes 9 minutes 14 minutes
ECCS water solid
operation with only 1 SRV.

Table G.2.80.7
Diagnosis Analysis

--. - - -

Action Failure to Skill-Based Adjusted / Commets/
(1) Diagnose (3) Final IIEP Sourre of Information

O (2) (4) (5)

I
e

Diagnose need to Per ASEP Table 8-3, the Median = 0.035 Operators at GGNS indic=W that proceedmg
initiate ECCS water natian value from Figure 8-1 (EF= 10) with ECCS water solid operation with only
solid operation with for 14 minutes diagnosis time one SRV would be a viable and likely option
only 1 SRV and was assigned. Mean = 0.093 even though it is not explicitly called by
determine what the procedure. The immediate objective is to get
appropriate actions some form of decay heat removal operatmg
should be. and initiating water solid operation with 1

SRV would provide core cooling. However,
since the action is not a procedural action, the
lower bound diagnosis value was not used.

Z
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Z Table G.2.80.8 =
h Post-Diagnosis Action Type Identification per Step 10, Table 8-1 of ASEP HRAP $
6
Fi
y Action Safety Systems Failed EOPs, Training, Individual Dynamic or Conunents
g (1) (2) Use EOPs Well Operator Must Step-by-Step Source ofInformation

Designed EOPs Perform Concurrent (5) (6)
"

(3) Teb
(4)

Initiate N/A Except la No Step-by-step
ECCS proceedmg with I
water solid SRV, the actions are
operation clearly specified by
with 1 SRV pmcedure. The site

I available. interviews indicated
that the operators
were knowledgeable
about the need for
the actions and

~ requirements.a
bl
o

= - -

Table G.2.80.9
Post-Diagnosis Stass-Level Identification per Step 10, Table 8-1 of ASEP IIRAP

Action T < 2h Recire. Phase More Thr.n Two Operator Stress Level Comments /

(1) After IE in Safety Systems Familiar (6) Source of Information
(2) Large LOCA Fail W/ Sequence (7)

(3) (4) (5)

Initiate N/A' No No' N/A Moderately
ECCS liigh
water solid

' At least moderately high stress was assumed for all events.
2 For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of

< extremely high stress. Each human action event was exammed as a function of the context.

.E
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< Tchie G.2.80.10
S Total HEP
a

-__ __

Action Original Independent Total IEP EF Ca = = cat <I
(1) Operator HEP Check / Correction (4) (5) Source of

(HEP ) HEP Information
(2)" (HEP) (6)

(3)

1. Diagnosis
~

Med. = 0.035 Med. Mean Tota! HEPs are the
0.035 0.093 (10) sum of the individual

Mean = 0.093 HEPs from the
diagnosis and actions.

2. Actions Given the numerous indications and Second check HEPs
that fact that operators would get Med. Mean (5) are multiplied by the

A. Stop makeup. Median = 0.02 immediate feedback if the failed to 0.0M 0.01 original HEP for
accomplish the actions,it was decided each action.

Mean = 0.032 that for this case (even though limited
O time was available), credit for second Since both the
y B. Initiate ECCS water solid Median = 0.02 checks would be appropriate. Med. Mean diagnosis and action

operation per procedure, 0.004 QJ1 (S HEPs make
except that only 1 SRV is Mean = 0.032 HEPs for failure to provide a second 0.M3 0.11 (10) significant
available. check were: contributions to the

Total median HEP total HEP, the larger
- open 2 SRVs Median = 0.2 = 0.M 3 of the two EFs was
- check closed MSIVs assigned.
- imtiate LPCl(C) or Mean = 0.323 Total mean HEP

HPCS = 0.11

2
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z Ts.ble G.2.81.1 :::
$ llEP 81 Calculation y
$
R
:o Human Action Event (1) OPISA (1)
&
3 Event Tree (s) (2) EA,EAP,EAX

; Initiators (3) All transients except those that logically entail being initially on RHR/SDC(B) for SDC, e.g. ElB5H, E2B5H,
| E2BF20, EIT5H, and E2T5H.
!

Sequence Locator Files (4) All files beginning with OPECS in which operators were initially using ADHR for SDC, e.g., OPECSADH.TDB.,

!

| Event Description (5) OPISA is the operator action to isolate ADHR for ECCS water solid operation.
1

Event Context (6) OPISA had to be performed in the same time period as OPECS. It was deternuned that the operators would want
, to isolate the low pressure ADHR piping before proceedmg with ECCS water solid operation. The SOI for
| initiating LPCI directs the operators to isolate ADHR when switching to RHR/SDC or LPCI. Thus, the OPISA

|
operator actions were included in the calculations for OPECS where appropriate. In the relevant sequences, when
OPECS suc-i~t, then OPISA was also set to succeed. OPISA is not asked when OPECS failed. Since detailed

| ASEP HRAP calculations were not required for HEP 81, Tables 10.1.81.2 through 10.1.81.9 were not included.

I o Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-02-III-1), RHR SOI (04-1-01-E12-1), HPCS SOI (04-1-01-E22-1).

I "
Note. Tables 10.1.81.2 through 10.1.81.9 were unnecessary for HEP 81 and therefore they were not included.

!
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< Tcble G.2.81.10
9 Total HEP
a

Action Original Independent Total HEP EF Cennunnes/

(1) Operator HEP Check / Correction (4) (5) h of Inferinab
(HEP ) HEP (@

(2)' (HEP)
(3)

Isolate ADHR. Med. - 0 Med. = 0 % tor ach u,-My
i et on OPECS in the

Mean = 0 Mean = 0 relevant sequences. If
OPECS succeeds, the so

does OPISA.

O

h
w
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Z 2
Table G.2.82.1 y

HT.P 82 Calculationa
n

-:=
b Human Action Event (i) OPOMS
O

Event Tree (s)(2) S,SP,SX

| Initiators (3) All

| Sequence locator Files (4) OPOMS occurs in all files in which OPSTM is successful, e.g., OPSTMNFD.TIF.

,

Event Description (5) OPOMS is the operator action to open MSIVs when steaming the vessel /contamment.
|

Event Context (6) OPOMS was asked in the "S* trees if the operators were unable to get an SRV open for steammg. The question'

was whether the operators would steam the vessel through the MSIVS. On the basis of site interviews with the
operators, it was determined that the operators would not open MSIVs for steaming unless there was a vacuum in
the condenser. Since it cannot be assumed that a vacuum would exist in the condenser during POS 5 OPOMS was
always set to 1.0 (failure). Since detailed ASEP calculations were not required for HEP 82, Tables 10.1.82.2
through 10.1.82.9 were not included.

o Applicable Procedures (7)

b̂
Note. Tables 10.1.82.2 through 10.1.82.9 were unnecessary for HEP 82 and therefore were not included.

|

|

o
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|
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<. Trble G.2.82.10'

?-. Total HEP
s

Action Original Independent Total HEP EF Comunents/
(1) Operator HEP Check / Correction (4) (5) Source ofInfonnation

(HEP ) HEP (6)
(2)* (HEP)

(3)

Open MSIVs for Med. = 1.0 - Med. = 1.0
steandng.

Mean = 1.0 Mean = 1.0 ;

O
b
m

i
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z Table G.2.85.1 :::
$ HEP 85 Calculation f
8
a
:= Human Action Event (1) LCMK (2)
&
3 Event Tree (s)(2) L,LA,LP, LAP

Initiators (3) RWC74, RWC26, TI-5, TLM5H, TIOP5, TIOPF65, TRFT5, TORV5, TIOFS, TIHPS, EIV5H, EIT5H, E2C-5

Sequence locator Files (4) OPDHR&.LP&, OPDHRHYD.LP, OPDHRHYD.TLM, OPDHRHYR.TLM, OPDHRHYD.TIO,
OPDHRHYR.TIO, OPDHRR.TRP, OPDHRHYD.TRP, OPDHRHYD.TRV, OPDHR.TIF, OPDHR.TIH,
OPDHROP.TIH, OPDHRLAP.EIV, OPDHR.EIV, OPDHR.EIT, OPDHRLP.EIT, OPDHRHYD.E2C

Event Description (5) LCMK is the operator action to recognize that makeup is greater than letdown and control makeup.

Event Context (6) The important constants for the LCMK (2) calculation (HEP 85) is that letdown is isolated and therefore makeup
(CDS or ECCS) needs to be controlled. The operators have diagnosed the need and have initiated makeup to avoid
a loss of SDC created by a disconnect between the core and downcomer regions of the vessel (OPDHR succeeds).
Overfill and overpressurization are of concern and the operators have 2.5 hours to realize that they need to contml
makeup. For HEP 85, makeup is with CDS or an ECCS system. Level can increase very rapidly with CDS or an
ECCS system (4000 + GPM). It was assumed that if the operators attempted to provide makeup with one of these

O systems (OPDHR), they would not just walk away from it and allow ovegw.dzation to occur. Thus, when CDS

% or ECCS systems were used in OPDHR, LCMK was assumed completely dependent on OPDHR. That is, if
OPDHR succeeds with CDS or an ECCS system, it was assumed that the operators would not fail to control level
and the HEP for LCMK was set to 0.0 (success), per ASEP Table 8-1, Step 12. Since detailed ASEP calculations
were not required for HEP 85, Tables 10.1.85.2 through 10.1.85.9 were not included.

Applicable Procedures (7) No specific procedures other than EP-2, RPV Control, Rev.19.

Note. Tables 10.1.85.2 through 10.1.85.9 were unnecessary for HEP 85 and therefore were not included.

<
b
.



TaWe G.2.85.19<
.

Total HEPE
s

.. . - Total HEP EF rwA
EP MCometion (4) (5) Sou m of M

(HEP ) HEP
(2)* (HEP)

0)

Control flow rene and veswllevel Med. = 0.0 - Med Mean ASEP TeNe 81, Step 12 '

0.0 0.0using CDS or an ECCS system.
Mean = 0.0 ,

Q
b
<

Z
C
h
Q

#
6 %e
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z Tthie G.2.87.1
:z:

HEP 87 Calculation f
Q
8
:o Human Action Event (1) OPDHR (5)&
3 Event Tree (s)(2) L LA,LP,

Initiators (3) TIOP5, TIOPF65, TLM5H, TRPT5, TORV5

Sequence Locator Files (4) OPDHRHYR.TIO, OPDHRHYR.TLM, OPDHRHYR.TRP, OPDHRHYR.TRV

Event Description (5) OPDIIR is the operator action to control vessel level in order to avoid a " functional" loss of SDC caused by
inadequate circulation between the core and the dcwncomer regions of the vessel. That is, even if SDC continues
to operate, if vessel level becomes too low, a " disconnect" between the core and downcomer regions can occur.
This will result in inadequate cooling of the core even though SDC continues to operate. The indications to the
operators that the event is occurring can be subtle because temperature readmgs are appanntly taken from the
downcomer region, where the water being cooled by SDC is retumed. Also, the vessel level would not be so low

that any level alarms would sound. A loss of forced recirculation, or a loss of makeup (usually CRD) coupled with
continued dramdown, can lead to inadequate level. Only 10 minutes was allowed for the operator diagnosis and
actions in OPDHR.

O Event Context (6) The important constants for the OPDHR (5) calculation (HEP 87) are that the operators are conducting a HYDRO
li test when the initiator occurs and regardless of what the initiator is, RWCU continues to run in recirculation mode.

Thus, vessel cooling continues, level is relatively high, and letdown is relatively slow. Thus, operators have 115
minutes for OPDHR in this case. However, given the context, very little has happened that might lead the
operators to be concerned about a potential disconnect between the core and the downcomer and a resulting
functional loss of SDC. Since the IDHR ONEP will not yet have been entered, the operators will not be cued to be
concerned about SDC. Thus, the cues for OPDHR in this case may be subtle. Operators need to diagnose the need

[ for makeup.

Applicable Procedures (7) No specific procedures, but the Inadequate Decay Heat Removal ONEP (05-1-02-I11-1) would be relevant, as
would the relevant SOls, e.g., RHR SOI (04-1-Ol-E12-1).

<o
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1 g
2. Table G.2.87.2

Sequence Timing and Indications*

Event / Occurrence Time (T ) Annunciator / Indication Comments /
*

(of most interest) Operator (3) Souste of

(1) Alerted Information
(2) (4)

IDHR caused by O As noted in Table G.2.87.1, the indications for this event
madequate circulation may be subtle because vessel temperature readmgs could be -

between the core and the misleading and no level alarms would sound. Moreover,
downcomer regions of SDC has not been lost, level is high, and letdown is
the vessel. Level control relatively slow. Thus, the loss oflevel may be gradual and j

(makeup) is needed. the indicators that would occur may be temporally
separated. The operators will not have entered into the
IDHR yet. Nevertheless, the initiators should cue the

.

operators to be at least somewhat concerned with level and
'

substantial time is available for the diagnosis.

O
b
c Table G.2.87.3

Pctential Operator Action

Description Number of Activitics (Tasks) ' Comments /

of Event Abnormal Events Required to Perform Source of Information
(1) (2) Action and Procedures (4)

(3) ,

A " functional" loss of SDC leads One The operators need to increase

to IDHR. The operators need to RPV water level with any available
diagnose the need and increase injection system. CRD (if
vessel level. available), CDS, or an ECCS

'

system are possible choices.

Z
C
b
Q
8
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z Table G.2.87.4 x
$ Ta' ne Available to Diagnose and 1%rfona the Task g
$
8
:= Action Tinie by Which Tisme at Which Operator Maw =mun Tune Av=it=Ma Comannents/

k (1) Operator Must is Alerted that Symptosa to Perfona the IMned Source of Infor==*iam
O Act (T) has Occurred (T,) Operator Activities (T,) (5)

(2) 0) (4)

The operators need to 115 minutes 0 115 Minutes SEA Calculation C90-492-Ol-
diagnose the need to A16
increase level to avoid
madequate core
cooling.

Table G.2.87.5 i

Operator Action Performance Tune

$ Activities Location Travel Performance Total Action Comanentst

8 (1) (2) Tune (T,) Time (T) rune (T,) Source of Infor==ei==
(3) (4) (5) (6)

If available, increase CR - 2 minutes 2 minutes Note that travel and --- ', * % ( p -fm w )
flow with CRD. If CRD times in the control room were deterunned using

is not available and SDC ASEP Table
is not being provided by 8-1, Step Sb, and are grouped under the
SDC(B), use CDS. pm Im . + time column.
Otherwise, use an ECCS

system. The actions involved in initiating a makeup system
Note. With only 10 min. were assumed to be ac+'ay dependent. System
available for OPDHR, if initiation would bee m ~,:- limed.
CDS was asked and it
failed, credit was not
taken for both CDS and .
an ECCS system.

#
o
:-
A

_ _ _ _ _ _ . _ _ _ . _

-

--
- ---

1 11



Ttble G.2.87.6<
@ Diagnosis Time for Operator Action
s

Action Maximum Time Total Action Time Available Cm. .~.L3/

(1) Available (T,) Time (T,) to Diagnosis (T,) Source of

(2) (3) (4) Information
(5)

ne operators need to 115 minutes 2 minutes Approx. I10 minutes
diagnose the need to
incrase level to avoid
inadequate core cooling.

Table G.2.87.7
Diagnosis Analysis

Action Failure to Skill-Based Adjusted / Comments /

(1) Diagnose (3) Final IIEP Sourte of infonnationo
g (2) (4) (5)
-

Diagnose need to Per ASEP Table 8-3, the upper Med. = 0.002 The site interviews indicated that the

provide makeup bound value from Figure 8-1 operators are aware of the problem of concern
for 110 minutes diagnosis time Mean = 0.005 and have a clear understandmg of the

was assigned. requirements. He upper bound diagnosis
value wa judged appropriate in these
scenarios iscause of the lack of procedures
and the. puential subtlety of the indicators.
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7 Ttble G.2.87.8 ::
g Post-Diagnosis Action Type Identification per Step le, Table 8-1 of ASEP HRAP g
8
Pi Action Safety Systans Failed EOPs, Training, Individual Dynamic or Conunents
y (1) (2) Use EOPs Well Operator Mist Step-by-Step Source of Infonnation

Designed EOPs Perform Concurrent (5) (6)-

0 (3) Tasks
(4)

_

laitiate an N/A laterviews indicated No Sterby-step
injection that the operators
system to were knowledgeable Although
provide about the need for mconsistent with
makeup. the actions. the other OPDHR

calculations, the
substantialincrease
in the time
available for
diagnosis and
response makes the
step-by-step
designation more
appropriate. Witho
the extra time, the-

h EPs etc. can be
used for guidance.

Table G.2.87.9
Post-Diagnosis Stress-imel Identification per Step 10, Table 8-1 of ASEP HRAP

Action T < 2h Recire. Phase More Than Two Operator Stress Level Comments /
(1) ARer IE in Safety Systens Familiar (6) Source of Information

(2) LarEe LOCA Fail W/ Sequence (7)
-

(3) (4) (5)

2Initiate an N/A' N/A No N/A Moderately Several systems available
injection High and substantial time before
system to core danege.
provide
makeup.

* At least moderately high stmss was assumed for all events.
< 2 For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption ofo

extremely high stress. Each human action event was exammed as a function of the context.
~

|
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< Table G.2.87.10
P- Total HEP
a

Acfion Original Independent Total HEP EF Comments /

(1) Operator IIEP Check / Correction (4) (5) Source of
(HEP ) HEP Information

(2)' (HEP,) (6)
(3)

_

l. Diagnosis Med. = 0.002 - Med. Mean (10)
0.002 0.005

Mean = 0.005

2. Initiate an injection system to Med. = 0.02 Credit for a second 0 004 0.01 (fl. Second check HEPs

provide makeup and vessel level Mean = 0.032 check was given 0.006 0.015 (5) are multiplied by the
control. because of the additional original HEP for

time with little else of Total Median each action.
concern. HEPs for HEP = 0.006
failure to provide a 'the ermr factor
second check were: Total Mean HEP associated with the

Q = 0.015 dominant HEPs was

y Med. = .2 assigned.

Mean = .323

Z
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b
Q
N
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h =
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z Table G.2.90.1 :c

$ HEP 90 Calculation f
8

~

s
W Human Action Event (1) OPMSV (4)
&
3 Event Tree (s)(2) F

Initiators (3) RWC74, RWC26. TLM5H, EIT5H

Sequence Locator Files (4) OPFLDHYD.TLM, OPFLDLER.TLM, OPFLDRM.TLM, OPFLDRMH.TLM, OPFLDLER.EIT,
OPFLDRM.EIT

Event Description (5) OPMSV is the operator action to close open MSIVs.

Event Context (6) For the OPMSV (4) calculation (liEP 90), the operators have attemptal to control level to ensure
adequate decay heat removal (OPDHR has s--i~i). Eventually, all ECCS systems have failed or
are unavailable. ~lbus, the operators have attempted to do the correct actions, but the systems asked
have failed or been unavailable. One option available to the operators to pmvide level and core
cooling is to flood the vessel / containment. SSWXT or FW are systems that could (potentially) be
used to flood. If vessel level is too low and not increasing, EP-2 calls out for alternate level control
which will eventually lead the operators to initiate flooding. If the operators decide to flomi

O (OPFLD succeeds), they should also ensure that no MSIVs are open. EP-2 instructs the operators

{ to close any open MSIVs when RPV level is greater than - 167 inches. If the operators do initiate
flooding with SSWXT and fail to close any open MSIVs, they will still have about 20 minutes
beforo flooding down the steam lines occurs.

Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-02-111-1), EP-2 (RPV Control, Rev.19), RHR SOI
(04-1-01-E12-1, Step 6.10)

<
b
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< Tcbie G.2.M.2
E Sequence Timing and Indications

Event 1 Occurrence Time (T,) Annunciator / Indication Conuments/ i

(of nient intered) Operator (3) Soorte of

(1) Alerted Informaation

(2) (4)

Operators are flooding O level will be rising and EP-2 instructs the operators to
the vessel / containment close open MSIVs when level exceeds - 167 inches.
and need to close any Operators have entered EP-2 and have decided to flood.
open MSIVs to prevent Should get some high level alarms prior to reachmg steam

',flooding down steam lines.
lines.

i

Table G.2.M.3
PtdentialOperator Action

:

$ Description Number of Activities (Tasks) Canunents/

O of Event Abnonnal Events Required to PWform Source of Information

(1) (2) Action and Procedures (4)
(3)

r
, '

~

Operators are flooding the One Close open MSIVs from the control

vessel / containment to provide core room t

!

cooling and need to close any open
MSIVs to prevent flooding down
steam lines.

_
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z Tr.ble G.2.90.4 g
$ Time Available to Ihagnose and Perfonn the Task g
o
a
:= Action Time by Which Time at Which Operator Maximum Time Available Commeemes/b (1) Operator Must is Alerted that Symptom to Perfonn the Identified Sourte of Infore
O Act (T,) has Occurred (T,) Operator Activities (T,) (5)

(2) (3) (4)

Close any open 20 minutes 0 20 Minutes SEA Calculation C9049f-Ol-
MSIVs A16

Table G.2.90.5
Operator Action Performance Time

Activities Location Travel Performance Total Action Comments /
(1) (2) Time (T,) Time (T) Time (T,) Source of Infonnation

(3) (4) (5) (6)g

h Close any open CR - 2 minutes 2 minutes
MSIVs. At the
most,18
MSIVs could
be open.

<
S
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< Toble G.2.90.6
. Diagnosis Time for Operator Action

Action Maximum Time Total Action Time Available Comments /
(1) Available (T,) Time (T,) to Diagnosis (T) Sourte of

(2) (3) (4) Infonnation
(5)

Close open MSIVs 20 minutes 2 minutes 18 minutes

Table G.2.90.7
Diagnosis Analysis

Action Failure to Skill-Based Achusted/ Comments /
(1) Diagnose (3) Final IIEP Source of Information

(2) (4) (5)

$ Close any open Per ASEP HRAP Table 8-3, Med. = 0.0015 The operators have decided to flood and

$ MSIVs. the lower bound value from Mean = 0.004 have probably entemi EP-2, where they are
Figure 8-1 for 15 minutes instructed to close any open MSIVs when
diagnosis time was assigned, level exceeds -167 inches. Site interviews

indicated that the operators would not want
water runmng down the steam lines and that
they would be likely to check the position of
the MSIVs. Level alarms would indicate
mcreasing level. Thus, per ASEP HRAP,
Table B-3, the lower bound value was
judged appropriate.
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z Table G.2.90.8 x
Post-Diagnosis Action Type Identification per Step le, Table 8-1 of ASEP HRAP g

O
Pi
w Action Safety Systens EOPs, Training, Individual Dynannic or Cosensents
b (1) Failed Use EOPs Wdi Operator Must Step-by-Step Sourte of Infor==ha=,

' O (2) Designed EOPs Perfonn Concumnt (5) (6)
(3) Tasks

(4)

Close any open N/A Actions are specified No Ste@y-Step
MSIVs by procedure.

Interviews indicated
that the operators
were knowledgeable
about the need for
the actions and
requirernents.

I

O
42 Table G.2.90.9 1

E Post-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP HRAP

i

Action T < 2h Recirc. Phase More Than Two Operator Sims levd Commments/ '

(1) A6er IE in Safety Systens Farniliar (6) Source of Infonmation
(2) Large LOCA Fail W/Swue (7)

(3) (4) (5)

Close MSIVs. N/A' N/A No' N/A Moderately Substantial time before core
High damage and operators have been

perfornung correctly.

' At Icest nxxlerately high stress was assumed for all events.
*

For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessenly lead to an assumptxm of 1

extremely high stress. Each human action event was examined as a function of the context.

I
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< Table G.2.M.10
.E Total HEP ,

a

Action Original Independent Total HEP EF Coni ====eal

(1) Operator HEP Check / Correction (4) (5) Source of

(HEP ) HEP Infonnation
(2)' (HEP) (6)

(3)

1. Diagnosis Med. - 0.0015 - Med. Mean (10)
0.0015 0.004

Mean = 0.004

2. Close any open MSIVs to Med. = 0.02 Credit for a second 0.004 0.01 ,[1)_ Second check HEPs

prevent flooding down steam lines. Mean = 0.032 check was given 0.006 0.014 ( 5) are multiplied by the
because of the time original HEP for -

available and the fact Total Median HEP each action.

that the operators would = 0.006
want to be sure the "Ibe ermr factor
MSIVs were closed Total Mean HEP associated with the

C once they realized they = 0.01 domment HEP was i

y were open. HEPs for assigned.

failure to provide a
second check were: ;

Med. = .2

Mean = .323

,
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z Table G.2.1tl.1 m
% HEP 101 Calculation f
8

-

mm

:o Human Action Event (1) OPECS (5)&
3 Event Tree (s)(2) EX

Initiators (3) T1-5, TIASH, TIAF16, TIAF40, TIAF93

Sequence Locator Files (4)
~

OPCADH14.EAX, OPCSDCl3.EX, OPCADH14.TIA, OPSDCl3.TIA

Event Description (5) OPECS is this case includes diagnosing the need to initiate ECCS water solid operation
and pcifvimmg the relevant actions.

Event Context (6) De most important constant for the OPECS (5) calculation (HEP 101) is that the control
room has failed to diagnose the likelihood that SDC will isolate on high pressure when the
HPCS diesel generator cross-tie is completed (OPSDC fails). A failure to make this
diagnosis during the 37 minutes allowed for OPSDC is taken to mean that the operneors
are counting on restarting SDC and have not reshmed the need for some other form of
SDC. Since much of OPECS must be accomplished in parallel with the cross-tie, if the
operators do not cory.d. cal the situation during the time svadable for OPSDC and they

O wait until the cross-tie is completed before realizing SDC will isolate, then insufficant
y time will be available to complete OPECS. Therefore, it was assumed that OPECS was

completely dependent on OPSDC in the sense that if OPSDC failed, then OPECS would
also fail. Thus, per ASEP Table 8-1, Step 12, HEP 101 (OPECS (5)) was set to 1.0.
Since detailed ASEP calculations were not %j for HEP 101, Tables 10.1.101.2
through 10.1.101.9 were not included.

Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-02-111-1, Rev.15), RHR SOI (04-1-01-E12-
1 Rev. 44)

Note. Tables 10.1.101.2 through 10.1.101.9 were m -+ -4j for HEP 101 and therfore were not included.

<
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< Table G.2.lel.10
E- Total HEP,

! "

Action Original Independent Total HEP EF rw

| (1) Operator HEP Check / Correction (4) (5) Seura of Infonmotion
(HEP ) HEP (6)

'

(2)' (HEP)
(3)

Initiating ECCS water solid 'Med. = 1.0 Med. Mean ASEP TaNe 8-1 Step 12-

operation, in the context of a cross- 1.0 1.0
tie of the HPCS diesel ga.,..=ui- Mean = 1.0
and a failure of the operators to
realize SDC will isolate on high
pressure when the cross-tie is
complete (OPSDC fails), was
determined to be completely
dependent on OPSDC. Since
OPSDC fails, OPECS fails.

O
b
.

h
8
n
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Table G.2.102.1 =g
HEP 102 Calculaten M

x >
m
9 -

n
M Human Action Event (1) OPECS (6)

|
' O Event Tree (s)(2) HPSWA

Initiators (3) T1-5 TAB 5H, TAB 39 TIA5H, TIAF16, TIAF40, TIAF73

Sequence Locator Files (4) OPECS&.HPA, OPECAD10. TAB, OPCADH26.TIA

Event Description (5) OPECS is this case includes diagnosing the need to go ECCS water solid with HPCS and
performing the relevant actions.

Event Context (6) ne important constants for the HEP 102 calculation (OPECS (6)) are that a LOSP has
occurred, the DVl-2 diesels fail to start and HPCS is available. SDC (ADHR for these

scenarios) has failed due to the LOSP and all normal means of SDC are rendered
unavailable. Per the IDHR ONEP, the operators are directed to initiate ECCS water solid
operation. The operators would be aware that ADHR is lost with an LOSP and that
without power, no normal means of SDC are available. In addition, the ADHR pump trip
alarms would sound and the operators would be very likely to check temperature and

9 pressure increases on the chart recorders in the 23 minutes allowed for OPECS. However,
y the operators would have to retrieve and read the IDHR ONEP and the HPCS SOI, isolate

ADHR locally because power is not available (isolating ADHR is not explicitly directed by
procedure in this context), align HPCS for injection per HPCS SOI 04-1-01-E22-1, and
perform the related actions for initiating ECCS water solid operation per the IDHR ONEP.

Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-02-III-1, Rev.15) HPCS SOI (04-1-01-
E22-1, Rev. 28), l.oss of AC Power ONEP (05-1-02-I-4, Rev 21)

|

|
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Tr.ble G.2.102.2<
9- Sequence Timing rad Indictions
s

Event / Occurrence Time (T ) Annunciator / Indication Comments /

(of mort interest) Operator (3) Source of*

(1) Alerted information

(2) (4)

IDHR. Need for level O Operator knowledge regarding the effects of a LOSP and
control and cooling. DG failures would be one indication . In addition, the

ADHR pump trip would be alarmed and the operators
should accomplish periodic checks of temperature and
pressure in the time available. Reactor pressure and coolant
temperature would be rising with no operating SDC
systems.

Table G.2.102.3
Potential Operator Action

C
s>
Cf Description Number of Activities (Tasks) Comments /

of Event Abnormal Required to Perform Source of Information

(1) Events Action and Procedures (4)

(2) (3)

No normal means of SDC, One - the loss isolate ADHR to prevent overpressurizing low pressure piping (not

level control and vessel of power is explicitly called by procedure). With DVl-2 failed, the isolation of the 8
cooling is needed, IDHR the abnormal or 9 valve will have to be done locally.

ONEP directs operators to event. less of
initiate ECCS water solid SDC is an Per HPCS SOI (Step 5.2) Manual startup of HPCS system

operation (HPCS is the only artifact of the Per IDHR ONEP (Step 5.1.3c) Initiate ECCS water solid operation _

system available). loss of power.
1. Check closed MSIVs
2. Ensure that two SRVs are open
3. Increase RPV water level with any available injection system.

$ In this context HPCS is the only available ECCS system

$
0
N
|m Tb

$*
m
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Z
$ Tchie G.2.102.4 *

Time Available to Dignose and Perform the Task 5
E$

h Action Time by Which Time at Which Operator Maximum Time Available Comments /6 (1) Operator Must is Alerted that Symptom to Perfonn the Identified Source of InfonnationI Act (T) has Occurred (T ) Operator Activities (T,) (5)*
(2) (3) (4)

*

Initiate ECCS water 23 minutes 0 23 Minutes SEA Calculatmn C90-492-01-solid operation.
AI6

Table G.2.102.5
Operator Action Performance Time

~ Activities Location Travel Perfonnance Total Action Comments /(1) (2) Time (T ) Time (T) Time (T ) Source of Information''
(3) (4) (5) (6)

*

1. Given the loss of power, CR - 5 minutes (Table 5 minutes See HEP 1 (OPSDC (1)), same table, fora the operators will need to 8-1, Step Sa) rationale regarding time.A realize the neal and retrieve
2' and read the IDHR ONEP

and the HPCS SOI.

2. Isolate ADHR (not Outside the - 15 minutes - 15 minutes
explicitly proceduralized) CR - the 8 travel and
Key is to close the 8 or 9 valve is perfromance
valve locally to prevent outside time. Estimates
overpressurization of the containment based on
low pressure piping interviews with

plant personnel.

3. Check closed MSIVs CR - 1 minute I minute Steps 3 and 4 are critical actions for initiating
(Table 8-1, Step ECCS water solid operation. "Ihey were judged
$b) to be an integrated set of proceduralized actions

and were =mim~i to be completely depenitent.
, 4. Ensure 2 SRVs open CR - I minute I minute'

(Table 8-1, Step
Sb)

5. Align and initiate HPCS CR - I minute I minute The two critical steps required to start HPCSper HPCS SOI (step 5.2). (Table 8-1, Step 23 minutes injection when the system is in standby wereg HPCS is the only availble $b) Total time for judged to be completely dependent.-- injection system. all actions.a
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< TaWe G.2.It2.6
! 9- Diagnosis Timme for Operator Action

|
*

Action Maximien Timme Total Action Time AvailmWe Comuments/

(1) Available (T,) Tinie (T,) to Diagnosis (r) Soeste of
,

(2) (3) (4) Infes==ei=='

(5)

Diagnose need to initiate 23 minutes 23 annutes O minutes

ECCS water solid
operation (includes
isolating ADHR).

Table G.2.102.7
Diagnosis Analysis

,

Action Failure to Skill. Based A$tsted/ r ==n.-sai

a (1) Diagnose (3) Final HEP Sourte of Infor==ti==

g (2) (4) (5)
w

Diagnose nad to Since no time is available for Med. - 1.0
initiate ECCS water the diagnosis, HEP 102 is
solid operation. equal to 1.0. Even if it was Mean = 1.0
Diagnose need to less conservatively assumed
isolate ADHR that the proceduires would be
locally. Determine quickly retrieved and read in
what the appropnate this case, e.g., 2 minutes
actions should be. required rather than 5, the

HEP would still be equal to
1.0.

'2:
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z Table G.2.182.8 x
Nt-Diagnosis Action Type Identification pe* Step 10, Table 8-1 of ASEP HRAP f

O
Pi
:= Action Safety Systems Failed EOPs, Training, Individual Dynamic or Conunents
b (1) (2) Use EOPs Well Operator Must Step-by-Step Soorte of Infonnation
O Designed EOPs Perfonn Concurrent (5) (6)

(3) Tasks
(4)

Initiate Since diagnosis value is
ECCS equal to a failure probability
water solid of 1.0, the action HEPs are
operation. irrelevant.

Table G.2.102.9
Nt-Diagnosis Stress-level Identification per Step 10, Table 8-1 of ASEP HRAP

= ~ . _ _ . , _

Action T < 2h Recirt. Phase More Than Two Operator Stress level Comments /g
t 4 (1) After IE in Safety Systems Feiliar (6) Sourte of Information

M (2) Large LOCA Fail W/Sequeio (7)

| (3) (4) (5)
|

| Initiate Since diagnosis value is
ECCS equal to a failure pmbability
water solid of 1.0, the action HEPs are

inelevant.
-

'
| At least moderately high stress was assumed for all events.
| 2 For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of

| extremely high stress. Each human action event was examined as a function of the context.

!
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Table G.2.le2.10
$ TotalHEP
i

Operator HEP Chedd ometion 4 M
(HEP ) HEP

(2)* (HEP)
0)

g, y Med. - I.0 - Med. Mean

Mean = 1.0

2. Initiate ECCS water solid Not calculated gives: Total HEP = 1.0
per procedure. diagnosis = 1.0
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z Tthie G.2.105.1 x
$ HEP 105 Calculation g
8
a
:= Human Action Event (1) OPISV (4)
&
3 Event Tree (s) (2) EA,EAP

Initiators (3) TAB 5H, TAB 39 TDB5H, T5A5H, T5AF19, eld 5H, E2D5H, E2DF93 i

- Sequence locator Files (4)' OPECSADH. TAB, OPECSADH.TDB, OPECS3.T5A, OPECSADH.EID,
OPECSADP.EID, OPECSADH.E2D

Event Description (5) OPISV asks whether the operators will proceed with the initiation of ECCS water solid
'

operation when only 1 SRV can be opened and the IDHR ONEP calls for 2 SRVs to be
opened. In essence, OPISV is the same decision and actions as OPECS (HEP 16), except
that only 1 SRV, rather than the two specified by procedure, will open. OPISV is asked
only in sequences where OPECS succeeds.

I

Event Context (6) The important constants for the OPISV (4) calculation (HEP 105) are that the operators i

have detected the loss of SDC (OPSDC succeeds), HPCS is the only available ECCS
system, and ADHR may need to be isolated from the control room. Cloang of the 8 or 9

O valve from the control room is adequate to isolate ADHR. He operators have entered the
y ONEP for IDilR, they realize no normal means of SDC are available and they have

decided to initiate ECCS water solid operation as directed by procedure (OPECS
succeeds). De IDHR ONEP directs the operators to open 2 SRVs when initiatmg ECCS
water solid operation. He issue is whether the operators will initiate ECCS water solid
operation if only 1 SRV can be opened. OPISV is asked only in sequences where OPECS
m_ tc_

Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-02-111-1), RHR SOI (04-1-01-E12-1), HPCS
sol (04-1-01-E22-1), less of AC Power ONEP (05-1-02-I-4, Rev 20)

|

C
.-
'h

.-. , -
.* ,.

. -, - - . - __ . , - . . . -- _

'
.



< Tchle G.2.105.2
Sequence Timing cnd Indicotiom

Event / Cum mu Time (T ) Anrunciator/ Indication Comments /
*

(of most interest) Operator (3) Source of
(1) Alerted Information

(2) (4)

Deciding to proceed with O Control room is aware that normal SDC unavailable or
ECCS water solid inadequate. less of systems were alarmed ONEP for
operation when only i IDHR directs the control room to use ECCS to go water
SRV is available. Some solid in this context. ONEP has been entered and the
form of SDC is needed. operators have decided to initiate ECCS water solid

operation. Reactor coolant temperature will be rising. He
control room gets feedback reganling the opening and
closiug of SRVs.

Table G.2.105.3
Potential Operator Action

Q
h
5 Description Number of Activities (Tasks) Comments /

Sourte of information ~of Event Abnormal Evenis Required to Perform ~
(4)(1) (2) Action and Procedures

(3)

No normal means of SDC is One 1. Isolate ADHR from the contml Isolation of ADHR is not directed
available and level control is room (if necessary) by closing 8 or by procedure in this context.
needed. The IDHR ONEP directs 9 valve. However, on the basis of
the operators to initiate ECCS interviews with operators, it was
water solid operation. Operators 2. Per IDHR ONEP (Step 5.1.3c) clear that they would be aware of
have decided to go water solid, but the neal to isolate the low pressure
only 1 SRV is available. De - Check closed MSIVs piping if necessary. In addition,
question is whether they will - Ensure that two (one in during the site interviews, the
proceed with the initiation of water this case) SRVs are open operators clearly indicated that
solid operation if they cannot - Increase RPV water level HPCS would be initiated.

z match the ONEPs demand for 2 with any available injection However, it is not exr>1icitly called
C SRVs system. In this context by the procedure.
$ HPCS is the only available

k ECCS system. HPCS is initiated fmm 04-1-01-
:o E22-1, Step 5.2.
6 |I:
b $



< TrAle G.2.105.5
Operator Action Performance Time-

Activities Location Travel Performance Total Action Comments /

(1) (2) Time (T,) Time (T) Time (T,) Sowre of information
(3) (4) (5) (6)

1. Isolate ADHR from CR - 1 minute 0 minutes - if Per Table 8-1, Step Sb, a 1 min. travel and

the control room (in most action necessary, it manipulation time was assumed for each action
cases this action would was assumed to be inside the CR at a main panel.

already be accomplished done in parallel
by tts time the operators with OPECS
reached this point) actions listed

below

2. Check closed MSIVs CR - 1 minute 1 minute The critical actions for initiating ECCS water
solid operation were assumed to be completely
dependent. They werejudged to be an
integrated set of actions.

o 3. Make several attempts CR 5 minutes 5 minutes Operators at GGNS indic=W that proceedmg

Q to get the second SRV with ECCS water solid operation with only one

open and discuss SRV would be a viable and likely option. "llie-

proceeding with 1 SRV immadiate objective is to get some form of
decay heat removal operating and initiatmg
water solid operation with 1 SRV would
pn, vide core cooling.

4. Ensure 1 SRV open CR - 1 minute 1 minute

5. Initiate ECCS system CR - 1 minute I minute
(per Table 8-1, 8 min. Total
Step Sb, see action time
Column 6.
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Z Table G.2.105.6 :ch Diagnosis Time for Operator Action $$
a
N Action Maximum Time Total Action Ta'ne Available Comments /
h (1) Available (T,) Time (T,) to Diagnosis (T) Sourte ofw

(2) (31 (4) Information
(5)

Diagnose need to initiate 23 minutes 8 minutes 15 minutes
ECCS water solid
operation with only 1 SRV
open

Table G.2.105.7
Diagnmis Analysis

Action Failure to Skill-Based Adjusted / Comments /
o (1) Diagnose (3) Final HEP Source of Infonnation
Q (2) (4) (5)u

Diagnose need to Per Table 8-3, the median Median = 0.03 Operators at OGNS indicated that proceedmg
initiate ECCS water value from Figure 8-1 for 15 Mean = 0.08 with ECCS water solid operation with only
solid operation with minutes diagnosis time was one SRV would be a viable and likely option.
only 1 SRV open assigned (EF= 10) The immediate objective is to get some form

of decay heat removal operstmg and initiating
water solid operstmn with 1 SRV would
provide ccm cooling.
The median value from Figure 8-1 was
selected because the isolation of ADHR and
proceeding with 1 SRV is not explicitly called
out by procedure in this context. Site
interviews suggested that the operators would
perform these actions.

#o
-

b

, -



< Tcbie G.2.105.2
Sequence Timing r_nd Indications-

Event / Occurrence Time (T ) Annunciator / Indication Comments /*

(of most interest) Operator (3) Sourre of
(1) Alerted Information

(2) (4)

Deciding to proceed with O Control room is aware that normal SDC unas ailable or
ECCS water solid inadequate. Ioss of systems were alarmer'. ONEP for
operation when only 1 IDHR directs the control room to use ECCS to go water
SRV is available. Some solid in this context. ONEP has been entered and the
form of SDC is nealed. operators have decided to initiate ECCS water solid

operation. Reactor coolant temperature will be rising. The
control room gets feedback regarding the opening and
closing of SRVs.

Table G.2.105.3
IVential Operator Action

O
h
d Description Numher of Activities (Tasks) Comments /

of Event Abnonnal Events Required to Perform Sourte of Information
(1) (2) Action and Procedurts (4)

(3)

No normal means of SDC is One 1. Isolate ADHR from the control Isolation of ADHR is not directed
available and level control is room (if necessary) by closing 8 or by procedure in this context.
needed. The IDHR ONEP directs 9 valve. However, on the basis of
the operators to initiate ECCS interviews with operators, it was
water solid operation. Operators 2. Per IDHR ONEP (Step 5.1.3c) clear that they would be aware of
have decided to go water solid, but the need to isolate the low pressure
only 1 SRV is available. The - Check closed MSIVs piping if necessary. In addition,
question is whether they will - Ensure that two (one in during the site interviews, the
proceed with the initiation of water this case) SRVs are open operators clearly indicated that
solid operation if they cannot - Increase RPV water level HPCS would be initiatal.

z match the ONEPs demand for 2 with any available injection However, it is not explicitly called
y SRVs system. In this context by the procedure.
m HPCS is the only available
9 ECCS system. HPCS is initiated from 04-1-01-
O E22-1, Step 5.2.
s x
b h

- - - - - - - - - - - - - - - - - - _ -_-
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! Table G.2.105.4 m >z ~

Tiene Available to Diagnose and Perfonn the Task y
Q +

h
'

Action Time by Tinie at Which Maxisnwa Casunnents/

b (1) Whida Operator Tinne Source of
0 Operator is Alerted that Available to Infor-meiaa

Must Sympteen has Perform the (5) ,

Act (T,) Occurred (T,) Identified ;
f

(2) . -(3) 1)perator
Activities (T,) ;

(4)

Initiate ECCS water 23 minutes 0 23 minutes SEA Calculation C9(M92-01-A16 i

!solid operation with
I

only 1 SRV available. Note. Dere is clearly a dependency betwece OPECS and

nis task must occur in OPISV. Essentially they constitute the same action, but an

the same time frame additional diagnosis is involved in OPISV. Since OPISV is

allowed for OPECS. asked only when OPECS eM, it was decided that the
That is, it must occur HEP for OPISV would be desernused as ifit were OPECS,

in the same 23 minutes. except for one difference. Five annutes less would be

s Functionally, OPISV is available for the diagnosis h- of the time lost in

8 OPECS, except that responding to the failure to get two SRVs opam. It was

only 1 SRV is assumed that the operesors would make several attempts to

available. OPIS'! is get the second SRV open and would discuss the problem

asked only when among themselves before pw4 ;

OPECS succeeds

;

r
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b
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< Tchte G.2.105.5
2- Operator Action Performance Time

I
^

l

I
' Activities Imtion Travel Performance Total Action Commentsi

(1) (2) Time (T,) Time (T) Time (T,) Sourte of Information
|

(3) (4) (5) (6)

1. Isolate ADHR from CR - 1 minute 0 minutes -if Per Table 8-1. Step Sb, a 1 min. travel and

the control room (in most action necessary, it manipulation time was assumed for each action

cases this action would was assumed to be inside the CR at a main panel.

already be accomplished done in parallel
by the time the operators with OPECS
reached this point) actions listed

below

2. Check closed MSIVs CR - I minute 1 minute The critical actions for initiating ECCS water
solid operation were assumed to be completely
dependent. They werejudged to be an
integrated set of actions.

o 3. Make several attempts CR 5 minutes 5 minutes Operators at GGNS indicated that proceeding

Q to get the second SRV with ECCS water solid operation with only one

open and discuss SRV would be a viable and likely option. The-

proceeding with 1 SRV immediate objective is to get some form of
decay heat removal operstmg and initiatmg
water solid operation with 1 SRV would
provide core cooling.

4. Ensure 1 SRV open CR - 1 minute 1 minute

5. Initiate ECCS system CR - I minute 1 minute
(per Table 8-1, 8 min. Total
Step Sb, see action time
Column 6.

Z
C

h
O
N
|*2 %6

$*
m

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



_ _ _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ ._ _ . , _ ,

1

Z Table G.2.195.6 3:h Diagnosis Tiene for Operator Action $
6
n:* Action Maxismum Time Total Action Tiene Available Cosaments/ !

. h (1) Available (T,) Time (T,) to Diagnosis (T) Source of
i w

(2) (3) (4) Infonnation
.

| (5)

| Diagnose need to initiate 23 minutes 8 minutes 15 minutes
ECCS water solid
operation with only 1 SRV

| open :

s
i Table G.2.195.7

Diagnosis Analysis

Action Failure to Skill-Based Adianted/ Comments /
t o (1) Diagnose (3) Final HEP Source of Information

Q (2) (4) (5)w

Diagnose need to Per Table 8-3, the median Median = 0.03 Operators at GGNS indicated that proceedmg Iinitiate ECCS water value from Figure 8-1 for 15 Mean = 0.08 with ECCS water solid operation with only
solid operation with minutes diagnosis time was one SRV would be a viable and likely option.
only 1 SRV open assigned (EF= 10) h inunedsete obpetive is to get some form

of decay heat reenovel operating and initiatmg
water solid operation with 1 SRV would
provide core cooling.
h median value from Figure 8-1 was
selected because the isolation of ADHR and
proceeding with 1 SRV is not explicitly called
out by procedure in this context. Site
interviews suggested that the operators would
perform these actions.

!
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<- Table G.2.105.8
. Post-Diagnosis Action Type Identification per Step it, Tr_bie 8-1 of ASEP HRAP

Action Safety Systens Failed EOPs, Training, Individual Dynamic or Comneents
(1) (2) Use EOPs Well Operator Mist Step-by-Step Source ofInformation

Designed EOPs Perfonn Concurrent (5) (6)
(3) Tasks

(4)
.

Initiate N/A Except for No Step-by-Step
ECCS proceeding with I
water solid SRV, the actions for
operation initiating ECCS
with 1 SRV water solid operation
available. are specified by the

IDHR ONEP.
Interviews indicated
that the operators
were knowledgeable
about the need forg

a the actens and
O requirements.

Table G.2.105.9
Post-Diagnosis Stress-Imel Identification per Step it, Table 8-1 of ASEP HRAF

Action T Ch Recire. Phase More Than Two Operator Stress Level Comments /

(1) Aliter la. in Safety Systems Familiar (6) Source of Information
(2) Large LOCA Fail W/ba (7)

(3) (4) (5)

Initiate N/A' N/A No N/A Moderately HPCS is available and2

ECCS High substantial time before core

$ water solid damage

E
9 ' At least moderately high stress was assumed for all evcats.

.Q 2 For the LPS environment (usually long-termm m) a failure of more than two safety systems did not -rily lead to an assumphon of
8 extremely high stress. Each human action event was exammed as a function of the context. %

0 5
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Z. Table G.2.105.19 :c
~$ Total HEP $
8
8
g Action Original Independent Total HEP EF Ca====e=1 l

.;. (1) Operator HEP Check / Correction (4) (5) Soura of lefor==ei==
(HEP ) HEP (6)w

(2)' (HEP,) t

(3)

1. Diagnose Med. - 0.03 - Med. Mean (10)
0.03 0.08

Mean = 0.08

2. Initiate ECCS water solid Med. = 0.02 Credit for a second 0.02 0.032 f.)_ Since both HEPs contribute
as directed by procedure, Mean = 0.032 check was not given 0.05 0.112 (10) to the total HEP, the largest
except that only 1 SRV is because of the time of the two EFs was
available. Includes isolating limitations, additional Total Median assigned.
ADHR if necessary. concerns which might HEP = 0.05

be facing the operators
as a function of the Total Mean HEP

.
9 specific initiators, and = 0.112

! y because failures or
problems in closing

t

MSIVs or opemng 2
i SRVs have to be

.

considered by the !

operators in the same
time period i.e.,
OPMSV and OPISV.

.
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k Table G.2.1M.1
HEP 1N Calculation j

i

! Human Action Event (1) OPISV (5)

Event Tree (s)(2) E.EP

Initiators (3) RWC74, RWC26, TI-5, TIA5H, TIAF16. TIAF40, TIAF93, TDB5H. TSASH, T5AF19, TSD5H, ElB5H,
E2B5H, E2BF20, EIT5H, E2T5H, EIV5H, E2V5H, TIOF5, TlHPS, TLM5H, TRPTS

Sequence locator Files (4) OPECSSDC8.SDC, OPECSLP4.EP, OPCSEL32.TIA, OPECSLP8.TIA, OPECSDC6.TIA, OPECSDC10.TIA, 1
"OPECSLTDB, OPECS4.T5A, OPECSLAP.TSD, OPECSLEP.TSD, OPECS10.T5D, OPECSDCO.ElB,

OPECSDC6.E2B, OPECSDCF.EIT, OPECSDC5.E2T, OPECSADF.EIV, OPECSADS.E2V, OPECSLHY.TLM,
OPECSLP.TIF, OPECSLP.TIH, OPECSLP.TLM, OPECSLP.TRP

Event Description (5) OPISV asks whether the operators will proccal with the initiation of ECCS water solid operatim when only 1
SRV can be opened and the IDHR ONEP calls for 2 SRVs to be opened. In essence, OPISV is the same decisim
and actions as OPECS (HEP 18), except that mly 1 SRV, rather than the two specified by procedure, will open.
OPISV is asked only in sequences where OPECS succeeds and must occur in the sane time period.

O

Q Event Catext (6) ~Ihe important constants for the OPISV (5) calculation (HEP 106) is that the control room has initially failed to
diagnose a loss of SDC (either OPDHR or OPSDC have failed, see HEP 18 for more details on the context of the*

failures). With the loss of SDC, the vi.hu would need to enter the ONEP for IDHR. Dunng the time allowed
for OPECS and OPISV, additional indications for the loss of SDC would occur. The ONEP directs the operators
to initiate ECCS water solid operation. 'Ibe operators decide to initiate ECCS water solid operation as directed by
procedure (OPECS succeeds). The IDHR ONEP directs the operators to open 2 SRVs when initiating ECCS water
solid operation. 'Ibe issue is whether the operators will initiate ECCS water solid operation if only 1 SRV can be
opened. OPISV is asked only in sequences where OPECS succeeds.

Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-02-III-1), RHR SOI (04-1-01-E12-1), HPCS SOI (04-1-01-E22-1),
Ioss of AC Power ONEP (05-1-02-I-4, Rev. 20).
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@ Table G.2.106.2 h
Q Sequence Timing and Indications
O
b Event / Occurrence Time (T ) Annunciator / Indication Comments /O (of most interest) Operator (3) Sou;te of

*

(1) Alerted Infonnation
(2) (4)

Deciding to proceed with O Control room is aware that normal SDC unavailable or
ECCS water solid inadequate. Loss of systems were alarmal ONEP for
operation when only i IDHR directs the control room to use ECCS to go water
SRV is available. Some solid in this context. ONEP has been entered and the

j form of SDC is needed. operators have decided to initiate ECCS water solid
| operation. Reactor coolant temperature will be rising. 'Ihe

control room gets feedback regarding the opemng and
closing of SRVs.

Table G.2.106.3
Potential Operator Action

$$* Description Number of Activities (Tasks) Comments /
of Event Abnormal Events Required to Perform Somre of Infonnation

(1) (2) Action and Procedures (4)
(3)

No normal means of SDC is One Per IDHR ONEP (Step 5.1.3c) Where SDC(B) has failed, RHR(B)
available and level control is assumed unavailable. It was also
needed. "Ile IDHR ONEP directs - Check closed MSIVs assumed that at least initially, a
the operators to initiate ECCS water - Ensure that two (one in low pressure injection system
solid operation. Operators have this case) SRVs are open would be preferable to high
decided to go water solid, but only - Increase RPV water level pressure system. In some
1 SRV is available. 'Ibe question is with any available injection sequences, however, HPCS is the
whether they will proceed with the system. In this context, choice due to the initiator, e.g.,
initiation of water solid operation if LPCI(C) was assumed the T5A5H, (loss of SSW).
they cannot match the ONEPs system of choice. HPCS
demand for 2 SRVs would also be available. LPCI is initiated from 04-1-01-

E12-1, Step 5.4.2.

HPCS is imtiatal from 04-1-01-
< E22-1, Step 5.2.
P.-
4 ,
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i Table G.2.1M.4

Tisne Availmhie to Diagnome and Perfonn the Task

Action Timme by Tinie at Which Maxirnuni Comunesnts/

(1) Which Operator T*ne Source ofn
Operator is Alerted that Available to infonnation

- Munt Symptom has Phuforna the (5)
Act (T,) Occurred (T,) Identified

(2) (3) Operator
. divities (f )"

(4)

laitiate ECCS water 23 min. O minutes 23 min. SEA Calculation C90-492-01-A16.
solid operation with
only 1 SRV Note. There is clearly a 4Ay between OPECS and OPISV.
available. His task Essentially they constitute the same action, but an additional
nest occur in the diagnosis is involved in OPISV. Since OPISV is asked only wlun
same time frame OPECS succeeds and unast occur in the same time penod, it was

O allowed for OPECS. decided that the HEP for OPISV would be deternaned as ifit
ts Det is, it must were OPECS (HEP 18 in this case), except for one differece.
"

occur in the same Five minutes less would be available for the diagnosis tw== of
23 minutes. the time lost in w-e-i;; to the failure to get two SRVs opm.-

Functionally, Operators would probably make several attempts to get one more
OPISV is OPECS, SRV open and would discuss pi --- '; with 1 SRV among each-

except that only 1 other. The site interviews indacated the operators would be likely
SRV is available. to proceed with water solid operations even though only 1 SRV
OPISV is asked was available. However, given the earlier failures of the operators
only when OPECS and the fact that proceedag with 1 SRV is not explicitly imhcated
vrcM_ by procedure, the median diagnosis value from ASEP, Figure 8-1,

rather than the lower bound value, wm assigned.

Z
C
$
Q
N
|m
6 |I:

b 5
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$ Table G.2.106.5
9 Operator Action Performance Time
n
:23
&
8 Activities Location Travel Performance Total Action Comments /

(1) (2) Time (T,) Time (T) Time (T,) Sourre ofInformation
(3) (4) (5) (6)

_

l. Retrieve and Read CR 5 minutes, 5 minutes 5 minutes to retneve and read ONEP is a conservative
ONEP for IDHR (ASEP Table 8- assumption given the trummg the opeators rece:ve.

1, Step Sa) However, the delay seemed consistent with the
" diversity of activities" ongomg during LPS, which
might delay control room response to some extent.

2. Check closed CR I minute I minute The critical actmas for initiatmg ECCS water solid-

MSIVs operation were assumed to be %'My dependent.
'Ibey werejudged to be an integrated set of actions.

3. Make several CR 5 minutes 5 minutes Operators at GGNS indicated that proceedmg with
attempts to get the ECCS water solid operation with only one SRV wouldg

4 second SRV open and be a viable and likely option. The immediate objective
E discuss proceeding is to get some form of decay best removal operstmg

with 1 SRV and initiating water solid operation with 1 SRV would
provide core cooling.

4. Ensure 1 SRV CR - 1 minute I minute
open

5. Initiate SCCS CR - 1 minute I minute Also note that per ASEP Table 8-1, Step Sb, a 1 min.
system 13 min. Total travel and -P8-%i time was assumed for each

action time action,

o
-

A
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i Table G.2.1N.6
Ihagnosis T' ne for Operator Actionu

Action Maximum Time Total Action Time Available Comments /

(1) Available (r,) Tirne (T,) to Diagnosis (T) Source of

(2) (3) (4) Information
(5)

_

Diagnose need to initiate 23 minutes 13 minutes 10 minutes

ECCS water solid
operation with only 1 SRV
open

Table G.2.1M.7
Diagnosis Analysis

9 Action Failure to Skill-Based A4usted/ Cornments/

$ (1) Diagnone (3) Final HEP Source of Information

(1) (4) (5)

Diagnose need te Per Table 8-3, the median Median = 0.1 Operators at GGNS indWead that y> A
initiate ECCS water value from Figure 8-1 for 10 Mean = 0.27 with ECCS water solid operation with only

solid operation with minutes diagnosis time was one SRV would be a viable and likely option

only 1 SRV open assigned (EF= 10) even though it is not explicitly called by
procedure. De i==~Mana obrective is to get
some form of decay heat removal operstmg
and initiatmg water solid operation with 1
SRV would provide core cooling. However,
for this event, the operators initially failed to
diagnose the loss of SDC in spite of several

indications (OPSDC or OPDHR have failed).
Z Given these previous failures, it wasjudged

h
that the lower bound diagnosis value would

6 not be appropriate even though the site

B interviews indicated that the operators have a

$ clear unbMg of the y.-dwo and the =
requirements. gg

_ _ _ . _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - - _ _ _ _ - _ - - _ - _ _ _ _ _ - - - . --___ -_-__-___ - __ ____________________-___ . _ _ _ _ .
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Z
:

@ Table G.2.106.8 h
O Post-Diagnosis Action Type Identification per Step 10, Table 8-1 of ASEP HRAP
O
&
3 Action Safety Systens Failed EOPs, Training, Individual Dynamic or Comments

(1) (2) Use EOPs Well Operator Must Step-by-Step Source of Information
Designed EOPs Perform Concurrent (5) (6)

0) Tub -

(4)

Initiate N/A Except for No Step-by-Step Some form of SDC is
ECCS proceedmg with I clearly called for and
water solid SRV, the actions are mdtcated by procedure.
operation clearly specified by
with 1 SRV procedure.
available. Interviews indicated

that the operators
were knowledgeable
about the need for

o the actions and
y requirements.

Table G.2.106.9
Post-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP HRAP

Action T < 2h Recire. Phase More Than Two Operator Stress Level Comments /
(1) AEer IE in Safety Systems Familiar (6) Source of Information

(2) Large LOCA Fail W/ Sequence (7)
Q) (4) (5)

Initiate N/A' N/A No N/A Moderately Several safety systems are
2

ECCS High available and there is
water solid substantial time before core

damage

' At least moderately high stress was assumed for all events.
'p For the LPS environment (usually long-term sequeaces) a failure of more than two safety systems did not necessarily lead to an assumption of

~

extremely high stress. Each human action event was examined as a function of the context.

.
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i Table G.2.106.10'

Total HEP

Action Original Independent Total HEP EF Cosamunds/

(1) Operator HEP Check / Correction (4) (5) Sourre of Infonnation
(HEP ) HEP (6)

(2)* (HEP)
(3)

1. Diagnose Med. = 0.1 - Med. Mean (10)
0.1 0.27

Mean = 0.27

2. Initiate ECCS water solid Med. = 0.02 Credit for a second 0.02 0.032 R 'Ibe EF from the donunant
as directed by procedure, Mean = 0.032 check was not given 0.12 0.302 (10) HEP was assigned.
except that only 1 SRV is because of the time
available. limitations, the Total Median

additional concerns HEP = 0.12-

o which might be facing
' g operators as a function Total Mean HEP

of the specific initiators = 0.302~

and because failures or
problems in closing
MSIVs or attempting to

'
get 2 SRVs open would
have to be considered<

by operators in the same4

time period i.e.,
;

OPMSV and OPISV.

1

Ei

8
a
|m2

dh |I:

b $
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2 Table G.2.188.1 2 .

HEP 108 Cale=s.ein. y t

Q a

B
g Human Actwo Event (1) OPISV (13),

3, Event Tree (s)(2) E,EP
!

Initiators (3) TIOP5, TIOPF65, TLM5H, TRPTS
''

Sequence Locator Files (4) OPECSADS.TIO, OPECSADS.TLM, OPECSADS.TRP -

Event Description (5) OPISV anks whether the operators will prM with the initiatma of ECCS water solid operstma
I when only 1 SRV can be opened and the IDHR ONEP calls for2 SRVs to be ar===t in ,

OPISV is the sarne decision and actions as OPECS (HEP 78), except that only I SRV, rather than t

the two specified by procedure, will opea. OPISV is asked only in v whese OPECS
succeeds and must occur in the sanne tiene penod.

Event Context (6) 'lhe important constants for the OPISV (13) calculation (HEP 108) is that the control room has
failed to diagnose the loss of SDC (ADHR) in 37 minutes (OPSDC fails). That is, in 37 main. the
control room has not diagnosed the loss of SDC or entered the IDHR ONEP. I'_,, , by'

requirements (every 30 unin.) the reactor temperature (and/or pressure) chest recorder would very !

@ likely be checked (to reveal increases) in the 23 min. available for this event. In addetson, if a boil-
;3 off had begun, a low level alarm (level 4) may occur. The operators must recogman the loss of

ADHR and enter the IDHR ONEP. In some cases, prior to instnating ECCS water solid operation,
the operators will need to isolate ADHR from the control roona. b operators decide to intante
ECCS water solid operation as dincted by y,4. (OPECS h). The IDHR ONEP dueces

; the operators to open 2 SRVs when. initiating ECCS water solid operetnam. h issue is whether the
operators will initiate ECCS weser sond operaten if only 1 SRV can be opened. OPISV is =*=1

,

only in sequences where OPECS succeeds.
L

, Applicable Procedures (7) I- * ; -- Decay Heat Removal ONEP (05-1-02-III-1), RHR SOI (04-1-01-E12-1), HPCS 301
| (04-101-E22-1), Loss of AC Power ONEP (05-1-02-I-4, Rev. 20).
t

>

<
9-
.

.
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< Tcble G.2.108.2
Sequence Timing and Indications

EvenUOccurrence Time (T ) Annunciator / Indication Com..J
*

(of most interest) Operator (3) Source of
(1) Alerted Information

(2) (4)

Deciding to proceed with O Control room is aware that normal SDC unavailable or
ECCS water solid madequate. loss of systems were alarmed. ONEP for
operation when only 1 IDHR directs the control room to use ECCS to go water
SRV is available. Some solid in this context. ONEP has been entered and the
form of SDC is needed. operators have decided to initiate ECCS water solid

operation. Reactor coolant temperature will be rising. He
control room gets feedback regarding the opening and
closing of SRVs.

Table G.2.108.3
o Potential Operator Action

b
w

Description Number of Activities (Tasks) Comments /
of Event Abnormal Events Required to Perform Source of Information

(1) (2) Action and Procedures (4)
(3)

No normal means of SDC is One 1. Isolate ADHR from the control It was also assumed that at least
available and level control is room by closing 8 or 9 valve. initially, a low pressure ugection
needed. The IDHR ONEP directs system would be preferable to high
the operators to initiate ECCS 2. Per IDHR ONEP (Step 5.1.3c) pressure system. In some
water solid operation. Operators sequences, however, HPCS is the
have decided to go water solid, but - Check closed MSIVs choice due to the initiator, e.g.,
only 1 SRV is available. He - Ensure that two (one in T5A5H (loss of SSW).
question is whether they will this case) SRVs are open

proceed with the initiation of water - Increase RPV water level LPCI is initiated from 04-1-01-

C solid operation if they cannot with any available injection E12-1, Step 5.4.2.

@ match the ONEPs demand for 2 system. In this context,
C SRVs LPCl(C) was assumed the

Q system of choice. HPCS HPCS is initiated fmm 04-1-01-
g would also be available. E22-1, Step 5.2. :I:

0 $

-_ -- _-- - - - - - - _ -
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z Tcble G.2.108.4 ::
Time Available to Diagnose and Ptsform the Task $

0
Fi
:o Action Time by Time at Which Maximum Comments /b (1) Which Operator Time Source ofO Operator is Alerted that Available to Information

M ust Symptom has Perform the (5)
Act (T) Occurred (T,) Identified

(2) (3) Operator
Activities (T )"

(4)

Initiate ECCS water 23 min. O minutes 23 min. SEA Calculeam C90-492-01-A16.
solid operation with
only 1 SRV No e. Thw is cierziy a dependency between OPECS and OPISV.
available. This task Esse ntially they ems &te the same action, but an additional
must occur in the diagner.'s is ireciwt 4 OPISV. Since OPISV is asked only when

i same time frame OPECS .sv_eds r. - tust occur in the same time period, it was
allowed for OPECS. decided **2tt. Edl .x OPISV would be determmed as ifit

| That is, it must were ' .: ECS (,fEP 78 in this case), except for one differenceg
4 occur in the same Five minutes less would be available for the diagnosis because of
f 23 minutes. the time lost in responding to the failure to get two SRVs open.

Functionally, Ope-ators would probably make several attempts to get one more,

! OPISV is OPECS, SRV open and would discuss proceedmg with 1 SRV among each
except that only 1 other. 'Ihe site interviews indicated the operators would be likely

| SRV is available. to procad with water solid operations even though only 1 SRV
j OPISV is asked was available. However, given the earlier failures of the operators
; only when OPECS and the fact that proceedmg with 1 SRV is not explicitly indic=te i'

succeeds. by procedure, the median diagnosis value fmm ASEP, Figure 8-1,
rather than the lower bound value, was assigned.

<
.E
.



< Toble G.2.106.5
. Operator Action Performance Time

Activities Imcation Travd Performance Total Action G ._._.;J
(1) (2) Time (T,) Time (T) Time Q) h gIgnah

(3) (4) (5) (6)

1. Retrieve and CR 5 minutes, 5 minutes 5 minutes to retrieve and read ONEP is a
Read ONEP for (ASEP Table 8- conservative assumption given the trammg the
IDHR 1, Step Sa) operators receive. However, the delay seemed

consistent with the * diversity of activities" ongomg
dunng LPS which might delay control room
response to some extent.

2. Isolate ADHR CR - I minute 0 minutes -if action
from the contml necessary, assumed
room by closing 8 to be done in
or 9 valve, if parallel with OPECS
necessary actions below

o 3. Check closal CR - 1 minute I minute The critical actions for initiatmg ECCS water solid
@ MSIVs operation were assumed to be completely*

dependent. They werejudged to be an integrated
set of actions.

4. Make several CR 5 minutes 5 minutes Operators at GGNS indicated that proceeding with
attempts to get the ECCS water solid operation with only one SRV
second SRV open would be a viable and likely option. He
and discuss immediate objective is to get some form of decay
proceeding with I heat removal operstmg and initiating water solid
SRV operation with 1 SRV would provide core cooling.

5. Ensure 1 SRV CR - I minute I minute
open

6. Initiate ECCS CR - I minate 1 minute Also note that per ASEP Table 8-1, Step 5b, a i
system 13 min. Total action min. travel and manipulation time was assumed for

y time each action.

E
O
N
|m

b
e 5'
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2: Table G.2.108.6 :::

Diagnosis Time for Operator Action $
Q
R
W Action Maximum Time Total Action Time Available Comments /

h (1) Available (T,) Time (T,) to Diagnosis (T,) Source of

(2) (3) (4) Informationw

(5)

Diag' ose need to initiate 23 minutes 13 minutes 10 minutesn

ECCS water solid
operation with only 1 SRV
open

Table G.2.108.7
Diagnosis Analysis

Action Failunt to Skill. Based Adjusted / Comments /

o (1) Diagnose (3) Final HEP Source of Information

@ (2) (4) (5)
as

Diagnose need to Per Table 8-3, the median Median = 0.1 Operators at GGNS indicated that procealmg

initiate ECCS water value from Figure 8-1 for 10 Mean = 0.27 with ECCS water solid operation with only

solid operation with minutes diagnosis time was one SRV would be a viable and likely option

only 1 SRV open assigned (EF= 10) even though it is not explicitly called by
'

procedure. The immediate objective is to get
some fonn of decay heat removal operating
and initiating water solid operation with 1
SRV would provide core cooling. However,
for this event, the operators initially failed to
diagnose the loss'of SDC in spite of several

indications (OPSDC failed). Given this
previous failure, it was judged that the lower
bound diagnosis value would not be
appropriate even though the site interviews
indicated that the operators have a clear
understandmg of the procedure an I the

requirements.
g
P

'a
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< Table G.2.168.8
. hat-Diagnosis Action Type Identification per Step it, Table 8-1 of ASEP HRAP

i Action Safety Systeams Failed EOh, Training, Individnal Dynamic or Comanets
(1) (2) Use EOh WeII Operator Must Step.4y-Step Source ofInfosh,

Designed EOPs hrform Concurrent (5) (6)
(3) Tasks

(4) ,

Initiate N/A Except for No Step-by-Step Some fann of SDC is
ECCS pinceeding with I clearly called for and
water solid SRV, the actions are mdscated by rem
operation clearly specified by
with 1 SRV procedure.
available. Interviews bdbat-I

that the operators
were knowledgeable

.! about the med for
the actions and

g - requirements.

b
u

.

f
Table G.2.198.9

hat-Diagnosis Stress-Imel Identification per Step le, Table 8-1 of ASEP HRAP i

Action T < 2h Recirt. Phase More Than Two Operator Sems Imel Conaments/
(1) Aliter IE in Safety Systesns Familiar (6) Sourte of Infonnation

(2) LarEe LOCA Fail W/ Sequence (7)
(3) (4) (5)

Initiate N/A' N/A No* N/A Moderately Several safety systems are
ECCS - High available and there is
water solid substantial time before core 1

damage 1

7
C
E ' At least moderately high strees was assumed for all events,

k For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessanlY lead to an assumption of2
,

:n extremely high strees. Each human action event was exammed as a function of the context.
& %

b h
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Z Table G.2.108.10 m
h Total HEP $m
O
Pi
y Action Original In&psids.t Total HEP EF Conunents/
g (1) Operator HEP Check / Correction (4) (5) Sourte of Infonnation

(HEP ) HEP (6)
w

(2)' (HEP,)
(3)

1. Diagnose Med. = 0.1 - Med. Mean (10)
O.1 0.27

Mean = 0.27

2. Initiate ECCS water solid Med. - 0.02 Cralit for a second E 0.032 .11L The EF from the donunant
as directed by procedure, Mean = 0.032 check was not given 0.05 0.302 (10) HEP wu assigned.
except that only 1 SRV is because of the time
available. limitations and the Total Median

additional concerns HEP = 0.12
which might be facing
operators as a function Total Mean HEP

y of the specific initiators. = 0.302
=

$
-

A



< Tchle G.2.ll6.1
E HEP 116 Calculation
a

Recovery Action (1) RA-CRD-1

Event Description (2) RA-CRD-1 is the operator action to provide makeup with CRD for *='~ ming * the vessel.

Event Context (3) For the RA-CRD-1 calculation (HEP 116), the operators have diagnosed the fact that they am by default
*steammg* the vessel and have opened at least 1 SRV. With the SRVs open, the operators will now have
approximately 1.6 hours to provide makeup to the vessel before boil-off to the top of the core occurs (2.6 hours
minus I hour allowed for earlier operator actions which may or may not have succeeded (OPECS, OPFLD,
OPSTM etc., see Table F.2.1). Except for diagnosing that they are steaming the vessel and that they have opened
1 SRV, no assumptions about prior operator actions were made. RA-CRD-1 is the operator action to diagnose the
need for makeup, select CRD, restore IA if necessary, and initiate CRD (both pumps required). Other injection
systems may be available, e.g., CDS, HPCS, but CRD is assumed to be the system of choice, since it is the usual
makeup system during LP&S. In addition, si:x:e it may be necessary to restore IA before CRD can be used, the
HEP for initir. ting CRD is more conservative than for the other systems. It was assumed that IA could be restored
and CRD aligned for injection within 36 min., leaving I hr for the diagnosis. Restoration of IA (A'ITH. 7 of EP-
2) could be easily accomplished from the control room, unless it was necessary tojumper around an isolation
signal, which might require a trip to the relay room. CRD can be initiated from the control room.

O
Applicable Procedures (4) EP-2 (RPV Control, Rev.19), EP-2 (Attachment 7, Defecting Auxiliary Building, Contamment, and Drywell

Instrument Air Isolation Interlocks,05-S-01-EP2-2).

Z
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Z Tchie G.2.116.2 :::
Sequence Timing and Indratiom $

0
8
* Event / Occurrence Time (T ) Annunciator / Indication Comments /
.b (of most interest) Operatdr (3) Source of;-

(1) Alerted Informationw

(2) (4)
'

Operators need to O The operators have diagnosed that they are steannng the
provide makeup with vessel by default and have opened 1 SRV. Temperature
CRD to successfully will increase to a point and level will gradually decrease.
steam the vessel. They Given their correct diagnosis, they will be aware of the
have already opened I need to provide some form of makeup. EP-2 will indicate a
SRV. need for level control. Isolation signals in the CR will

indicate the need to unisolate IA if they plan to use CRD.

Table G.2.116.3
Potential Operator Action

O
6
8 Description Number of Activities (Tasks) Comments /

of Event Abnormal Events Required to Perfonn Source of Information
(1) (2) Action and Procedures (4)

(3)

Operators need to provide makeup One - Unisolate IA if necessary
; with CRD to successfully steam

the vessel. They have already - Initiate two pump CRD|

opened 1 SRV. In some cases they injection.
| may need to unisolate IA. While
! other injection systems may be
| availat,le, CRD is assumed the

| system of choice.
!

I
.-
h



< Tchle G.2.116.4
Time Avadable to Diagnone and Perfonn the Task

Action Time by Which Time at Which Operator Maumum Time Available Comments /

(1) Operator Must is Alerted that Symptom to Perfonn the Identified Source of Information

Act (T) has Occurred (T) Operator Activities (T,) (5)
(2) (3) (4)

Diagnose the need % minutes 0 % ' Minutes SEA Calculation C90-492-01-
and cany-out the A16. Also see Table F.2.1.
actions requiral to
initiate CRD to
provide level for
steaming.

Table G.2.116.5
Operator Action Performance Time

O
e
2 Activities Location Travel Performance Total Action Comments /

(1) (2) Time (T,) Time (T) Time (T) Source of Information
(3) (4) (5) (6)

1. Unisolate IA if CR and in - Estimated travel 35 minutes Specific estimates regarding pufwa time were
necessary. some cases and performance not obtained from the plant. The travel and

the relay time for performance time estimate was based on the PRA
room overriding an IA teams familiarity with the plant and the action and on

isolation, general discussions with operators during the site
including interviews regardingjumpenng relays etc. outside the
jumpenng a CR.
bypass in the
relay room was
approximately 35
minutes.

7
C> 2. Initiate two pump CR - 1 minute 1 minute Also note that per ASEP Table 8-1 Step Sb, a 1 min.

o CRD injection. 36 minutes travel and manipulation time was assumed for each
Pi Total. action in the CR.
n
dh %

b h
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2 Table G.2.116.6 gC Diagnosis Tiene for Operator Action 5-

b
-

.

Pi
'

28 Acties M==i==ams Tinne Total Are=== Thee Armanhae Censmaases/

f (1) Avail =ha. (r,) Tiene (T,) to Diagnosis (T) Seuree of
'

m o) (4) w. -mi-

(5)

Diagnose the need to % ininutes Approx. 36 nunutes 60 niinutes
I initiate CRD to provide

level for =*=meng and
uniaolate IA if necessary.

i

Table G.2.116.7
Diagnosis Analysis.

Action Failure to Skill-Based A(justed / Ca=====*al

o (1) Diagnose Q) Maal HEF ' Seura of Informatiam

g (2) (4) (5)

Diagnose the need Per ASEP H. RAP Table 8-3, Median = 1.0E-4 Interviews with operators nadic=nad a good
to initiate CRD to the median value from ASEP awar==== of the notion of steammag the
provide level for Figure 8-1 for 60 minutes EF = 30 vessel. In fact, several opersoors ==dic=aad it
steannng and diagnosis time was assigned. would be preferable to flooding the vessel and
umsolate IA if Mean = 9.0E-4 more likely to be used. In the present context,
necessary. the operators have decided to steeni and have

opened 1 SRV. Thus, eve though *== mar is
not proceduralimd, they will be likely to
realim the need for makeup. EP-2 directs the
need for level control even without the notson

of * ==nnt.
t

I

!

<
b
.
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< Tcble G.2.116.8
.E Post-Diagnosis Action Type le=e# cation per Step le, Table 8-1 of ASEP HRAFi

.

Action Safety Sy ames Failed EOPs, Training, Individual Dy===mie or Canaments/
(1) (2) Use EOPs Well Operator Must Step-by-Seep Senree of

Designed EOPs Perfona Camr-rrent (5) Infor==*i==
0) Tasks (6)

(4)

Unisolate IA N/A Actions clearly No Step-by-Step
and start - specified by
CRD pumps pi C..-

for injection. Interviews indicated
that the operators
were knowledgeable
about the need for
the actions and
requiresnents.

O
$$
" Table G.2.116.9

Pbst-Diagnosis Stress-level Identification per Step 10, Tahle 8-1 of ASEP HRAP

Action T < 2h Recire. Phase More Than Two Operator Series levd Comumsents/

(1) Aliter IE in Safety Systans Fannitiar (6) Searum of Infor==*i==
(2) Large LOCA Fail WW (7)

(3) (4) (5)

Unisolate IA N/A' N/A No N/A Moderately Several synna== may still be2

and start High available.
CRD pumps
for injection.

'
7 At least moderseely high stress was amanned for all events.

2c For the LPS envim===r (usually long-term sequences) a failure of more than two safety systems did not necessanlY iend to an - f-s of
h extrensely high stress. Each humma action event was e===== art as a function of the context.
O
8
38
6 %
b $
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2: Table G.2.116.10 |I:

$ Total HEP $
8
a
*8 Action Original Independent Total HEP EF Comments /

h (1) Operator HEP Check / Correction (4) (5) Source of

(HEP ) HEP Informationw

(2)* (HEP) (6)

(3)

1. Diagnose the need Median = 1.0E-4 - Med. Mean (30)
to initiate CRD to 1.0E-4 9.0E-4
provide level for Mean = 9.0E-4
steannng and unisolate
IA if necessary.

2. Override IA Med. - 0.02 Credit for a second 0.02 0.032 -{5) This recovery HEP was assumed to be a

isolation Mean = 0.032 check was not given in " generic * value in the sense that

this instance (see previous operator performance (except
Column 6 for for diagnosing that they were at~ ming

rationale). and opemng i SRV) was not taken into

9 account. Moreover, it was assumed that

y other systems may still be available.

3. Initiate two pump Med. = 0.02 0 02 0.032 (5)_ The error factor associated with the

CRD injection. Mean = 0.032 0.04 0.065 (5) dommant HEPs was assigned.

Total Median HEP
= 0.04

Total Mean
HEP = 0.065

<
b
.

. . . . ,



< Tchie G.2.117.1
E- HEP 117 Calculation
a

Recovery Action (1) RA-CRD-MOD 1

Event Description (2) RA-CRD-MODI is the operator action to provide makeup with CRD for "steammg* the vessel.

Event Context (3) For the RA-CRD-MODI calculation (HEP 117), the operators have diagnosed the fact that they are by default
"steammg* the vessel and have opened at least 1 SRV. With the SRVs open, the operators will now have
approximately 1.6 hours to provide makeup to the vessel before boil-off to the top of the core occurs (2.6 hours
minus I bour allowed for earlier operator actions (e.g., OPECS, OPFLD, OPSTM etc., see Table F.2.1). RA-
CRD-MODI is the operator action to diagnose the need for makeup, select CRD, and initiate CRD (both pumps
required). In calculating the HEP for this recovery action, it was assumed that IA would ng.have to be restored
and that the operators had attempted to follow procedure in earlier parts of the relevant sequences (i.e., they had
attempted ECCS water solid operation (OPECS succeeds)) and had been perfor ning correctly. It was also assumed
that CRD might be their last available injection system. CRD can be initiated from the control room.

Applicable Procedures (4) EP-2 (RPV Contml, Rev.19), EP-2 (Attachment 7, Defeating Auxiliary Building, Contamment, and Drywell
Instrument Air Isolation Interlocks, 05-S41-EP2-2).

O
bw

4.

Z
C
h
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8
% =

C
-

e

___-_ -_-_______-_______-- - _-_ - _ _ -_ _ _ -- - - --_____-__- ______--_- ___--_____ - __- -__________ -



______ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ __ _ .

|

2, Table G.2.117.2 x
hp==re T'uning and Indications 5

a r

Fi
N Event / Occurrence Thee (T ) Ans==rimear/Indicatica Consniasts/I (of useet inemust) Operato'r 0) Seurre of

(1) Alerted Infer ==ei==w

(2) (4)

Operators seed to O b operators have W that they are stennung the
provule makeup with vessel by default and have opened 1 SRV. T+ ; .
CRD to --fully will increase to a point and level will gradually decrease,
steam the vessel. They Givan their correct diagnosis, they will be aware of the
have already opened I need to provule some form of makeup. EP-2 will imhcate a
SRV. need for level control.

Tide G.2.117.3
Pbtentias Operator Action

O
& Description Nienber of Activities (Tasks) Camussents/8 of Event Abnonnal Events Required to Perfonn Soorte of Infor==*ia=

(1) (2) Action and Procedures (4)
(3)

Operators need to provide makeup One Initiate two pump CRD injection.
with CRD to successfully steam
the vessel. They have already
opened I SRV.

r

i
i

P

!<.

S
r
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< Tame G.2.117.4
Timme Available to Diaguese and Mann the Task

Action Thee by Whkh Timme at Which Operator Maximumm Timme AvaileMe Commmames/

(1) Operator Mint is Alerted that Synaptoms to Mann the Ideutsfied Sourse of Infsnisation

Act (T) has Occurnd (T) Operator Activities (T,) (5)
(2) Q) (4)

Dugnose the need % minutes 0 96 Minutes SEA Calc =h C906-Cl-
and cany-out the A16. Also see Table F.2.1.
actions required to
initiate CRD to
provide level for
stemning.

Table G.2.117.5
Operator Action Monnance Ta' ne

O
&
S Activities lacation Travel Monnance Total Action Comunents/

(1) (2) Time (T,) Time (T) Time (T,) Sourte of Infonestion
0) (4) (5) (6)

1. Initiate two pump CR - I minute I minute Per ASEP Table 8-1, Step Sb, a 1 min. travel and
CRD injection. I minutes manipulation time was assumed for each actaca in the

Total. CR.

>

Z
C

O
N
|c
6 %

b
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T Table G.2.117.6 :t

Diagnosis Time for Operator Action $
O
8
:8 Action Maximum Time Total Action Time Available Comments /

h (1) Available (T,) Time (T,) to Diagnosis (T) Source of

(2) (3) (4) Informationw

(5)

Diagnose the need to 96 minutes I thinutes Approx. 95 minutes |
initiate CRD to provide

'

level for steaming.

Table G.2.117.7
Diagnosis Analysis

_

Action Failure to Skill-Based AUusted/ Comments /

(1) Diagnose (3) Final HEP Source of Information

o (2) (4) (5)

S
cm

Diagnose the need Per ASEP HRAP Table 8-3, Median = 1.0E-4 Interviews with wueurs imi;c='ai a good
to initiate CRD to the median value from ASEP awareness of the notion of =t-emmg the

provide level for Figure 8-1 for % minutes EF = 30 vessel. In fact, several operators i=&-e~i it
steammg the vessel. diagnosis time was assigned. would be preferable to floodmg the vessel and

Mean = 9.0E-4 more likely to be used. In the present context,
the operators have decided to steam and have

Note. He diagnosis opened 1 SRV. Hus, even though steammg is
values for 60 minutes not proceduralizext, they will be likely to
rather than 95 minutes realize the need for makeup. EP-2 directs the
were incorrectly used. need for level control even without the notion

| However, the contribution of steammg.
of the diagnosis HEP toE

the overall HEP is
negligible in either case.

<o
--

b

_ - _-.
_ - _

.
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< Table G.2.117.8
_ [2. PeM-Diagnosis Action Type Identification per Step le, Table 8-1 of ASEP HRAF|
^

!

Action Safety Systems Failed EOPs, Training, Individual Dynamic or Comuments/

(1) (2) Use EOPs Well Operator Must Step-by-Seep Sowce of
Designed EOPs Perform Concurrent (5) Infore

O) Tasks (6)
(4) .

Initiate CRD N/A Actions clearly No StW-Step
pumps for specified by
injection. gea.

Interviews indicatal
that the operators
were knowledgeable
about the need for
the actiom and
requirements.

O
6
8 Table G.2.117.9

Post-Diagnosis Stress-Leeel Identification per Step le, Table 8-1 of ASEP HRAP

<

Action T < 2h Recire. Phase More Then Two Operator Stress W f'a=== =8=1

(1) AAer IE in Safety Systems Familiar (6) Source of Inforumatian

(2) Large LOCA Fail W/ Sequence (7)

(3) (4) (5)

2Initiate CRD N/A' N/A No N/A Moderately.

purnps for High
injection.

t

' At least moderately high stress was assumed for all events.
For the LPS environnunt (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of2

2
C' extremely high stress. Each human action event was exammed as a function of the context.
5-
O
8
|c
& Z

b 5
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'

2 Table G.2.117.10 :x:
E Total HEP 3
is
n
28 Action Original Independent Total HEP EF Counsnents/

h (1) Operator HEP Check /Correchan (4) (5) Source of
(HEP ) HEP Infonnntionw *

(2)' (HEP) (6)
(3)

1. Diagnose the need to initiate Median = 1.0E-4 - Med. Mean (30)
CRD to pmvide level for steanung 1.0E-4 9.0E-4
the vessel. Mean = 9.0E-4

2. Initiate two pump CRD injection. | Med. = 0.02 Credit for a ser- and 0.0008 0.0033 _(11. Second check HEPs
Mean = 0.032 third check were given. 0.0009 0.0042 (5) are andtiplied by

It was assumed that the the original HEP
operators have Total Median HEP for each acten and
performed correctly to = 0.0009 the third check
this point and that CRD HEP is multiphedf

; may be their last line of Total Mean by the result.
'

9 defense. Ample time is HEP = 0.0042
| $ available for recovery He error factor
I credit for any failed associated with the -
l actions. He HEPs for donan==t HEP was

the second and third assigned
check were:

Median = .2

Mean = .323

i

! <
E
.

.
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g Tchle G.2.118.1
HEP 118 Calculation~

a

Recovery Action (1) RA-CRD-MOD 2

Event Description (2) RA-CRD-MOD 2 is the operator action to provide makeup with CRD for "steammg* the vessel.

Event Context (3) For the RA-CRD-MOD 2 calculation (HEP 118), the operators have diagnosed the fact that they are by default
*steammg* the vessel and have openal at least 1 SRV. With the SRVs open, the operators will now have -
approximately 1.6 hours to provide makeup to the vessel before boil-off to the top of the core occurs (2.6 hours
minus I hour allowed for earlier operator actions (OPECS, OPFLD, OPSTM etc., see Table F.2.1). RA-CRD-
MOD 2 is the operator action to diagnose the need for makeup, select CRD, restore IA if necessary, and initiate
CRD (both pumps required). In calculating the HEP for this recovery action, it was assumed that the operators had
attempted to follow procedure in earlier parts of the relevant sequences (i.e., they had attempted ECCS water solid
operation (OPECS succeeds)) and had been performmg correctly. It was also assumed that CRD might be their last
available injection system.
It was assumed that IA could be restored and CRD aligned for injection within 36 min., leaving I bour for tie
diagnosis. Restoration ofIA (ATTH. 7 of EP-2) could be easily accomplished from the control room, unless it was
necessary tojumper around an isolation signal, which might require a trip to the relay room. CRD can be initiate f
from the control room.

O
b Applicable Procedures (4) EP-2 (RPV Control, Rev.19), EP-2 (Attachment 7, Defeating Auxiliary Building, Contamment, and Drywell
~ Instrument Air Isolation Interlocks, 05-S-01-EP2-2).

2:
C
h
O
Fi
Oc
6 |I:

b
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2 Table G.2.118.2 :=
bae Timing and Indications $

O
F3
K Event /Ocaarnnee Time (T ) Annunaator/ Indication Commsents/

h (of most interest) OperatEr (3) Sourte of
(1) Alerted Infonnationw

(2) (4)

Operators need to O The operators have diagnosed that they are steannng the
provule makeup with vessel by default and have opened 1 SRV. Temperature
CRD to successfully will increase to a point and level will gradually decrease.
steam the vessel. They Given their correct diagnosis, they will be aware of the
have already opmed I need to provide some form of makeup. EP-2 will indicate a
SRV. need for level control. Isolation signals in the CR will

indicate the need to unisolate IA if they plan to use CRD.

Table G.2.118.3
Potential Operator Action

O_
w
U Dewription Number of Activities (Tasks) Comments /

of Event Abnormal Events Requind to I%rform Source of Infonnation
(1) (2) Action and Piad-m (4)

(3)

Operators need to provide makeup One - Unisolate IA if necessary
with CRD to successfully steam
the vessel. ~1 hey have already - Initiate two pump CRD
opened 1 SRV. In some cases they injection.
may need to unisolate IA. While
other injection systems may be
available. CRD is assumed the
system of choics.

<
o
-
.

1

I

I
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< Tr ble G.2.118.4
Time Available to Diagnose and Perform the Task

Action Time by Which Time at Which Operator Maximwn Time Available Comments /

(1) Operator Must is Alerted that Symptom to Perform the Identified Sourte of Information
Act (T,) has Occuritd (T,) Operator Activities (T,) (5)

(2) (3) (4)

.

Diagnose the need 96 minutes 0 % Minutes SEA Calculation C90-49241-
and carry-out the A16. Also see Table F.2.1.
actions required to
initiate CRD to
provide level for
steaming.

Table G.2.118.5
Operator Action Perfonnance Time

O
&
C Activities Iecation Travel Performance Total Action Comments /

(1) (2) Time (T,) Time (T) Time (T,) Sourte of Infonnation
(3) (4) (5) (6)

1. Unisolate IA if CR and in - Estimated travel 35 minutes Specific estimates regarding performance time were
necessary. some cases and performance not obtained from the plant. The travel and

the relay time for performance time estimate was based on the PRA
'

room overriding an IA teams familiarity with the plant and the action and on
isolation, general discussions with operators during the site
including interviews regarding jumpering relays etc. outside the
jumpering a CR.
bypass in the
relay room was
approximately 35
minutes.

E 2. Initiate two pump CR - I minute I minute Also note that per ASEP Table 8-1, Step Sb, a 1 min.

$ CRD injection. 36 minutes travel and manipulation time was assumed for each

8 Total. action in the CR.
:=
dh Z

b h
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Z Tr.ble G.2.118.6 :c
E Diagnosis Time for Operator Action 5 |m .

O |

Pi
y Action Maximan Time Total Action Time Available Comments /

g (1) Available (T,) Time (T,) to Diagnosis (T) Sourte of ;

(2) (3) (4) Infonnation
]

'd

(5)

Diagnose the need to
-

96 minutes Approx. 36 minutes 60 minutes |.

initiate CRD to provide i
level for steaming and i

unisolate IA if necessary.

4

Table G.2.118.7
Diagnosis Analysis

Action Failure to Skill-Based Achusted/ Conunents/
o (1) Diagnose (3) Final HEP Source of Infonnation
b (2) (4) (5)
* l

Diagnose the need Per ASEP HRAP Table 8-3, Median = 1.0E-4 Interviews with operators mdicated a good ;

to initiate CRD to the median value from ASEP awanness of the notion of steammg the L
Iprovide level for Figure 8-1 for 60 minutes EF = 30 vessel. In fact, several operators educated it

steaming and diagnosis time was assigned. would be preferable to floodmg the vessel and ,

unisolate IA if Mean = 9.0E-4 more likely to be used. In the present context,
'

necessary. the operators have decided to stearn and have
opaned 1 SRV. 'Ilius, even though *manng is
not proceduralised, they will be likely to
reelim the need for makeup. EP-2 directs the
need for level control even without the notion -

!
of steaming.

i

<
b
.
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< Tr.ble G.2.118.8
E Pbst-Diagnosis Action Type Identirurtionper Step 10, Tc.ble 8-1 of ASEP HRAP
r

Action Safety Systems Failed EOPs, Training, Individual Dynamic or CoM ,

(1) (2) Use EOPs Well Operator Must Step-by-Step Soune of
,

Designed EOPs Perfonn Concurnnt (5) Infonnation '

(3) Tasks (6)
(4)

Unisolate IA N/ Actions clearly No Step-by-Step
and start specified by .

'
CRD pumps procedure.
for injection. Interviews indicated

that the operators
were knowledgeable
about the need for e

the actions and i

requirements.

O
b
u Table G.2.118.9

Post-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP HRAP

Action T <2h Recire. Phase More Than Two Operator Stres Imel Cenunents/

(1) AfterIE in Safety Systems Familiar (6) Source of Information
'

(2) Large LOCA Fail W/ Sequence (7)
(3) (4) (5) :

Unisolate IA N/A' N/A No' N/A Moderately
and start High
CRD pumps
for injection.

' At least moderately high stress was assumed for all events.2
C For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead *.o an assumption of :2

E extremely high stress. Each human action event was examined as a function of the context.
O
8
|c
6 |I:

b k
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z Table G.2.118.10 ::
E TotalIIEP $
8
n
:= Action Original Independent Total HEP EF Commestts/
h (1) Operator HEP Check /Correcten (4) (5) Sourte of

OIEP ) HEP Informationw

(2)* OIEP ) (6)
(3)

~

1. Diagnose the need Median = 1.0E-4 - Med. Mean (30)
to initiate CRD to 1.0E-4 9.0E-4
provide level for Mean = 9.0E-4
steaming and unisolate
IA if necessary.

2. Override IA Med. = 0.02 Credit for a second and third checks on both 0.0008 0.0033 (5) Second check
isolation Mean = 0.032 actions were given. It was assumed that the HEPs are

operators have performed correctly to this multiplied by
point and that CRD may be their last line of the original
defense. Ample time is available for recovery HEP for each

9 credit for any failed actions. He HEPs for the action and the
y second and third check were: third check HEP

is multiplied by
Median = .2 the result.

Mean = .323

3. Initiate two pump Med. = 0.02 Yes, see above. 0.0008 0.0033 (_5L The error factor
CRD injection. Mean = 0.032 0.0025 0.0075 (5) =W='~i with

g the dommant
Total Median HEP HEPs was
= 0.0025 assigned.

Total Mean
HEP = 0.0075

I
--

. __
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< Tchle G.2.119.1
$ HEP 119 Calculation i

's

Recovery Action (1) RA-OPICT-1 and RA-OPICT-3
i

Event Description (2) RA-OPICT-1 and RA-OPICT-3 are operator actions to close contamment if only the lower p.~_ lock is ope
'

(containment is open * low *) and not the large equipment hatch.

Event Context (3) For RA-OPICT-1 and RA-OPICT-3, the operators have decided ta either flood the vessel /contenmant or steam the
vessel, respectively. In either case,'they should want to prevent water from going to places it is not supposed go
and they should want to prevent any possible release if the situation detenorates. Therefore, if primary contamment
is open, they should diagnose the ned to close it if possible. If only the lowermm._1 lock is open, it can be-

closed easily within I to 7 hours. While no procedures explicitly instruct the operators to close con *===wnt, the
operators will be aware of the status of containment and should realize the need to close the lower personnel locks
if they are open. Obviously, these actions will take place outside the control room.

_

Note. If the environment in containment permitted it, they operators would also want to close the lowerm m,._1
lock into the drywell.

Applicable Procedures (4) EP-2 (RPV Control Rev.19)
O
bf
a
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Z Tchte G.2.119.2 m
Sequence Timing and Indications @

O
8 '

:= Event / Cum ma Time (T ) Annunciator / Indication Conunents/

f (of most interest) Operator (3) Souree of
*

(1) Alerted Infonnationw

(2) (4)

Operators are O The operators have initiated steammg or flooding. Telephone conversations with plant
successfully steaming or Procedures do not explicitly direct them to close personnel indicated that if it appeared
flooding the containment. However, they are in shutdown and will be that normal means of SDC might not
vessel /contamment. aware of the status of containment. Given the previous be immediately restorable, then they
They need to diagnose problems, the fact that normal means of SDC are would begin to close contamment.
the need to close unavailable, and that steam or water will begin to enter
containment (ifit is only unacceptable areas (or have the potential to do so), the
open low) and carry-out operators should be aware of the need to close contamment.
the relevant actions.

o Table G.2.119.3

@ Potential Operator Action
oo

Description Number of Activities (Tasks) Comments /
of Event Abnormal Events Required to I%rform Sourte of Infonnation

(1) (2) Action and Procedures (4)
(3)

Close the lower personnel locks in One Obstructions such as boards, hoses,
containment. cables etc. will have to be

removed. The air lock doors will
then need to be closed. .

<
.E
.
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< Tchie G.2.119.4
Time Available to Diagnose and Perform the Task

Action Time by Which Time at Which Operator Maximum Time Available Comments /
(1) Operator Must is Alerted that Symptom to Perform the Identifm' i Source of Information

Act (T,) has Occurred (T,) Operator Activities (T,) (5)
(2) (3) (4)

Diagnose the need % minutes 0 % Minutes SEA Calculation C90-492-Ol-
and carry-out the A16. Also see Table F.2.1.
actions required to
close the lower
personnel lock into
containment.

Table G.2.119.5
Operator Action Performance Time

O
a
G Activities Location Travel Performance Total Action Comments /

(1) (2) Time (T,) Time (T) Time (T,) Source of Information
(3) (4) (5) (6)

1. Remove Primary - - See below in telephone conversations with plant personnel, it
obstructions containment was stated that the personnel lock could be closed
from air lock easily within I to 2 hours. The outside estimate of
area (boards, 2 hours was assumed for determmmg the HEP.
hoses, cable

etc.)

2. Secure the Primary - - 2 hours Total
~

air lock doors. Containment to complete
closing of the
personnel lock.

Z
C
h
O
N
|c

M %

b h
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Z Tcble G.2.119.6 :c
h Diagnosis Time for Operator Action $
o
8
N Action Maximum Time Total Action Time Available Comments /

-f (1) Available (T,) Time (T,) to Diagnosis (T) Source of
(2) (3) (4) Infonnationw

(5)

Diagnose the need to close % minutes Approx. 2 hours 36 minutes
containment.

Table G.2.119.7
Diagnosis Analysis

Action Failure to Skill-Based Achusted/ Cm...~.;J

(1) Diagnose (3) FinalIIEP Sourte of Information
(2) (4) (5)

O
a
E$ Diagnose the need Per ASEP HRAP Table 8-3, Median = 0.01 Interviews with operators indicated a good

to close the lower the upper bound value from awareness of the neal to close containment.
personnel lock in ASEP Figure 8-1 for 36 EF = 10 However, exactly when the operators should
order to seal minutes diagnosis time was begin to close containment in the present
containment in the assigned. Mean = 0.027 scenario is not explicitly indicated by
context of flooding procedure amt the operators could delay the

( or steaming. action on the assumption that normal SDC
will be restored. Thus, the upper bound value
from ASEP llRAP Figure 8-1 was assigned.

t

!

|
|
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< Tcble G.2.119.8
1%st-Diagnosis Action Type Identirwation per Step it, Table 8-1 of ASEP HRAP

,

Action Safety Systems Failed EOPs, Training, Individual Dynamic or Comunsts/

(1) (2) Use EOPs Well Operator Must Step-by-Step Source of
Designed EOPs Perform Concurrent (5) Infore

(3) Tasks (6)
(4)

Remove N/A Interviews indicated No Step-by-Step
I

obstructions and that the operators
close the lower were knowledgeable

personnel hatch about the need for

into contaimnent. the actions and
requirements.

.

,

Table G.2.119.9
'

Pbst-Diagnosas Stress-Level Identification per Step 10, Table 8-1 of ASEP HRAPo
b
-

Action T < 2h Recire. Phase More Than Two Operator Stress levd Comunents/

(1) After 1E in Safety Systerns Familiar (6) Sourte of Informention

(2) Large LOCA Fail W/4 s (7)

-(3) (4) (5)

Remove N/A' N/A No N/A Moderately Several systems may still be2

obstructions and High available and there is

close the lower substantial time before core

personnel hatch damage.

into
containment.

' At least moderately high stress was assumed for all events.
For the LPS environment (usually long-term sequences) a failure of more than two safety systen s did not th;1v lead to an assumption of2

r2
c extremely high stress. Each human action event was examined as a function of the context. {
E
O
b i

'

|c
& *C

b h -
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2: Tchle G.2.119.10 :::
Total HEP $

Q
Fi
M Action Original Independent Total HEP EF Comments /
h (1) Operator HEP Check /Correctmn (4) (5) Source of

(HEP ) HEP Information
w

(2)' (HEP ) (6)
(3)

1. Diagnose the need Median = 0.01 - Med. Mean (10)
to close contamment 0.01 0.027
in the context of Mean = 0.027
steammg or flooding
the vessel.

2. Remove Median 0.02 See below 0.02 0.032 (5)
obstructions. Mean = 0.032

3. Secure air locks. Median 0.02 Credit for a second 0.02 0.032 (5)_ Since all HEPs made significant
o Mean = 0.032 check was not given 0.05 0.09 (10) contributions to the total HEP, the
h for either action in larger error factor was assigned."

this instance because Total Median HEP
of the limited time = 0.05
available and the
location of the Total Mean
personnel lock. HEP = 0.09

#
o
-

4

-



< Tcble G.2.120.1
E HEP 120 Calculation
a

Recovery Action (1) RA-OPICT-2

Event Description (2) RA-OPICT-2 is the operator action to close containment if only the lower personnel lock is open (containment is
open " low") and not the large equipment hatch.

Event Context (3) For RA-OPICT-2, the operators have initiated ECCS water solid operation. %ey would want to prevent any
generated steam from leaving containment (particularly if SPC and CS had failed) and they would want to prevent
any possible release if the situation deteriorated. Herefore, if primary containment is open, they should diagnose
the need to close it if possible. If only the lower personnel lock is open, it can be closed easily within I to 2

-

hours. While no procedures explicitly instruct the operators to close containment, the operators will be aware of
the status of containment and should realize the need to close the lower personnel locks if they are open.

Obviously, these actions will take place outside the control room.

Note. If the environment in containment permitted it, they operators would also want to close the lower personnel
lock into the drywell.

Applicable Procedures (4) EP-2 (RPV Control, Rev.19)
O
k$m

2
C
b
Q
N
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z Tchle G.2.120.2 :::
Sequence Timing and Indications $

O
Fi
:c Event / Occurrence Time (T ) Annunciator / Indication Comments /

h (of most interest) Operator (3) Sourre of
*

(1) Alerted Infonnationu

(2) (4)

. Operators have O The operators have initiated water solid operation. Telephone conversations with plant
successfully initiated Procedures do not explicitly direct them to close personnel indicated that if it appeared
ECCS water solid containment. However, they are in shutdown and will be that normal mmas of SDC might not
operation. They need to aware of the status of containment. Given the previous be imWi=taly restorable, then they
diagnosc the need ta problems, the fact that normal means of SDC are would begin to close contamnwnt.

close containment (ifit unavailable, and that steam could begin to enter

carry-out the relevant _
unacceptable areas (or have the potential to do so), theis only open low) and
operators should be aware of the need to close containment.

actions.

Table G.2.120.3o
Potential Operator Action

Description Number of Activities (Tasks) Comments /
of Event Abnormal Events Required to Perform Sourte of Information

(1) (2) Action and Procedures (4)
(3)

Close the lower personnel locks in One Obstructions such as boards, hoses,

containment. cables etc. will have to be
removed. The air lock doors will
then need to be closed.

<
o
.-

_ _ _ _ _ _
, ;;
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< Tchie G.2.120.4
Time Available to Diagnose and INrfonn the Task

;

|
Action Time by Which Time at Which Operator Maximum Time Available Conunents/

; (1) Operator Must is Alerted that Symptom to Perform the Identified Sourte of Infonnabon
Act (T,) has Occurred (T,) Operator Activities (T,) (5)i

(2) (3) (4)

Diagnose the need 6.4 hours Under ECCS water solid 5.4 hours SEA Calculation C90-492 01-
and carry-out the conditions, operators indicated A16.
actions required to that if normal SDC had not
close the lower been restored within an hour,
personnel lock into they would be likely to be
containment. begin to consider the closing of

containment.

I hour

O
4 Table G.2.120.5
U Operator Action Perfonnance Time

Activities Location Travel IVrformance Total Action Comments /
(1) (2) Time (T,) Time (T) Time (T,) Sourte of Information

(3) (4) (5) (6)

1. Remove Primary - - See below In telephone conversations with plant personnel, it
obstructions containment was stated that the contamment personnel lock
from air lock could be closed easily within I to 2 hours. 'Ibe
area (boanis, outside estimate of 2 hours was assumed for
hoses, cable determining the HEP.
etc.)

2. Secure the Primary - - 2 hours Total

g air lock doors. Containment to complete
x closing of the

$ personnel lock.
Pi
W

6 =
c 7
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2 Tr ble G.2.120.6 :::
Diagnosis Time for Operator Action 5

O
8
* Action Maximum Time Total Action Time Available Comments /

h (1) Available (T,) Time (T,) to Diagnosis (T) Source of
(2) (3) (4) Informationw

(5)

Diagnose the need to close 5.4 hours Approx. 2 hours 3.4 hours
containment.

Table G.2.120.7
Diagnosis Analysis

Action Failure to Skill-Based Adjusted / Comments /

(1) Diagnose (3) FinalIIEP Source of Information
(2) (4) (5)

o
a
M Diagnose the need Per ASEP HRAP Table 8-3, Median = 0.001 Interviews with operators indicated a good

to close the lower the upper bound value from awareness of the need to close containment.
personnel lock in ASEP Figure 8-1 for EF = 10 However, exactly when the operators should
order to seal approximately 3.4 hours begin to close containment in the present
containment in the diagnosis time was assigned. Mean = 0.0027 scenario is not explicitly indicated by
context of a loss of procedure and the operators could delay the
normal SDC and the action on the assumption that normal SDC
initiation of ECCS will be restored. Hus, the upper bound value
water solid from ASEP HRAP Figure 8-1 was assigned.
operation.

O
e
A



< Tchte G.2.120.8
lbst-Diagnosis Action Type Identifica. tion per Sten 10, Tcble 8-1 of ASEP HRAP

Action Safety Systems Failed EOPs, Training, Individual Dynamic or Comments /
(1) (2) Use EOPs Well Oper3 tor Must Step-by-Step Source of

Designed EOPs Perfonu Concurrent (5) Information
(3) Tasks (O

(4)

Remove N/A Interviews indicated No Step-by-Step
obstructions and that the operators
close the lower were knowledgeable
personnel hatch about the need for
into containment. the actions and

requirements.

Table G.2.120.9
o Post-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP HRAF

b
u

Action T <2h Recire. Phase More Than Two Operator Stress Level Comments /
(1) After IE in Safety Systems Familiar (O Source of Information

(2) Large LOCA Fail W/ Sequence (7)
(3) (4) (5)

Remove N/A' N/A No' N/A Moderately Several systems may still be
obstructions and liigh available and there is
close the lower substantial time before core
personnel hatch damage.
into-
containment.

' At least moderately high stress was assumed for all events.
2

2 For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of
C extremely high stress. Each human action event was examined as a function of the context.
$
0
N
|z
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Z Tr.ble G.2.120.10 :c
~$ Total HEP $
8
n
y Action Original Independent Total HEP EF Camnwnes/

g (1) Operator HEP Check /Cometion (4) (5) Source of
(HEP ) HEP Infonnationw

(2)' (HEP) (6)
(3) ,

l. Diagnose the need Median = 0.001 - Med. Mean (10)
to close containment 0.001 0.0027
in the context of Mean n 0.0027 c

steanung or flooding
the vessel.

2. Remove Median 0.02 See below 0.02 0.032 ~

(5)
obstructions. Mean = 0.032

1

3. Secure air locks. Median 0.02 Credit for a second 0.02 0.032 L51. "Ihe error factor from the donunant
o Mean = 0.032 check was not given 0.041 0.067 (5) HEP was assigned.

M for either action in
' * this instance because Total Median HEP

of the limited time = 0.041 ;

available and the t

| location of the Total Mean
personnel lock. HEP = 0.067

!

!
!

,!

.<
$
.

|
(_ _ _ _ _ _ _ ____- _ -_ _ . .. - , . . . . - . . - - . . - - - . . . , , . .- . . . . - - - . . . .- -



g Tchie G.2.121.1
P HEP 121 Calculation
u

Recovery Action (1) RA-SWXT-1

Event Description (2) RA-SWXT-1 is the operator action to provide makeup with SSWXT for *=teammg* the vessel.

Event Context (3) For the RA-SWXT-1 calculation (HEP 121), the operators have diagnosed the fact that they are by default
"steammg* the vessel and have opened at least 1 SRV. With the SRVs open, the operators will now have -

approximately 1.6 hours to provide makeup to the vessel before boil-off to the top of the' core occurs (2.6 hours
minus I bour allowed for earlier operator actions which may or may not have succeeded (OPECS, OPFLD,
OPSTM etc., see Table F.2.1). Except for diagnosing that they are steaming the vessel and that they have opened
i SRV, no assumptions about prior operator actions were made. RA-SWXT-1 is the operator action to diagnose
the need for makeup, select SSWXT (FW is the only other system available), and initiate the system. Power was
assumed to be available, so SSWXT can be initiated from the control room.

Applicable Procedures (4) EP-2 (RPV Control, Rev.19), RHR SOI (04-1-01-E12-1, Step 6.10)

o
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Z Tcble G.2.121.2 :I:
E Sequence Timing and Indicatiom $
o
a
:= Event / Occurrence Time (T ) Annunciator / Indication Comments /

h (of most interest) Operator (3) Source of
*

(1) Alerted Informationw

(2) (4)

Operators need to O The operators have diagnosed that they are steanung the .

provide makeup with vessel by default and have opened 1 SRV. Teir4.eatwo
SSWXT to successfully will increase to a point and level will gradually decrease.
steam the vessel. They Given their correct diagnosis, they will be aware of the
have already oper.ed I need to provide some form of makeup. EP-2 will indicate a
SRV. need for level control.

Table G.2.121.3
1%tential Operator Action

O
& Description Number of Activities (Tasks) Comments /
$ of Event Abnonnal Events Required to Perform Source of Infonnation

(1) (2) Action and Procedures (4)
(3)

Operators need to provide makeup One Initiate injection with SSWXT per
with SSWXT to successfully steam RHR SOI, Step 6.10.
the vessel. They have already
opened 1 SRV.

<o
-

A
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< Tcbie G.2.121.4
- Time Available to Ihagnose and Perfonn the Task

Action Time by Which Time at Which Operator Maximum Time Available Counnunts/
(1) Operator Must is Alerted that Symptom to Perfonn the Identified Sourte of Infor==+iam

Act (T) has Occuned (T,) Operator Activities (T,) (5)
(2) (3) (4)

Diagnose the need 96 minutes 0 % Minutes SEA Calculation C90-492-Ol-
and carry-out the A16. Also see Table F.2.1.
actions requiral to
initiate SSWXT to

'provide level for
steaming.

.

"

'able G.2.121.5
Operator %sa. Penfonnance Time

O
t'a
"

Activities Location Travel Perfonnance Total Action Comments /

(1) (2) Time (T,) Time (T) Time (T,) Sourte of Infonnation
(3) (4) (5) (6)

1. Initiate vessel CR - 1 minute I minute Per ASEP Table 8-1, Step Sb, a 1 min. travel and
injection with Total. manipulation time was assumed for each action in the
SSWXT. CR.

Z
C
h
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Z Tchte G.2.121.6 =
E Diagnosis Time for Operator Action 5.
$
-a

38 Action Maximen Time Total Action Time Available Ceaunents/

f (1) Available (T,) Time (T,) to Diagnosis (T,) Source of-

(2) (3) (4) Informationw

(5)

Diagnose the need to % minutes I minute Approx. 95 minutes
initiate SSWXT to provide
level for steaming.

Table G.2.121.7
Diagnosis Analysis

__

Action Failure to Skill-Based A(justed / Comments /

(1) Diagnose (3) FinalIIEP Source ofInformation

a (2) (4) (5)
^

b
u

Diagnose the need Per ASEP HRAP Table 8-3, Median = 1.0E-4 Interviews with operators indicated a good

to initiate SSWXT the median value fmm ASEP awareness of the notion of steammg the

to provide level for Figure 8-1 for 95 minutes EF = 30 vessel. In fact, several operators indicated it

steammg. diagnosis time was assigned. would be preferable to floodmg the vessel and
Mean = 9.0E-4 more likely to be used. In the present context,

the operators have decided to steam and have
opened 1 SRV. Thus, even though steammg is
not proceduralimd, they will be likely to
realim the need for makeup. EP-2 directs the
need for level control even without the notion
of steaming and SSWXT is one of the options.

#e
.-
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< Tr_ble G.2.121.8
Nt-Diagnosis Action Type Identification per Step 10, Table 8-1 of ASEP IIRAP

_

Action Safety Systems Failed EOPs, Training, Individual Dynamic or Comments /

(1) (2) Use EOPs Well Operator Must Step-by-Step Soune of
Designed EOPs Perform Concurrent (5) Information

(3) Tasks (6)
(4)

Initiate N/A Actions clearly No Step-by-Step

injection with specified by
SSWXT. procedure.

Interviews indicated
that the operators
were knowledgeable
about the need for
the actions and
requirements.

O
&
U Table G.2.121.9

Post-Diagnosis Stnss-Level Identification per Step 10, Table 8-1 of ASEP IIRAP

Action T <2h 'Recirt. Phase More Than Two Operator Stress Level Comments /

(1) After IE in Safety Systems Familiar (6) Source of Information

(2) Large LOCA Fail W/ Sequence (7)

(3) (4) (5)

2Initiate N/A' N/A No N/A Moderately

injection liigh
with
SSWXT.

' At least moderately high stress was assumed for all events.2
g For the LPS envitonment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of'

extremely high stress. Each human action event was examined as a function of the context.m
O
8
W x
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Z TaNe G.2.121.10 :I:
Total HEP $

0
Pi
y Action Original Independent Total HEP EF Cornments/

(1) Operator HEP Check / Correction (4) (5) Sowce of-

(HEP ) HEP Informationw

(2)' (HEP) (6)
_ (3)

1. Diagnose the need MMian = 1.0E-4 Med. Mean (30)-

to initiate SSWXT to 1.0E-4 9.0E-4
provide level for Mean = 9.0E-4
steaming.

I
l 2. Initiate SSWXT Med. = 0.02 Credit for a second 0 02 0,032 (it " Ibis recovery HEP was assumed to be a
| injection. Mean = 0.032 check was not given in 0.02 0.032 (5) *genenc* value in the sense that
: this instance (see pevious operator im fma (except
; Column 6 for Total Median HEP for dugnosmg that they were me===ng
| rationale). = 0.02 and openmg i SRV) was not taken into

account. Moreover, it was ass ==wl that
O Total Mean another systems (FW) may still bey HEP = 0.032 available.

'Ihe ermr factor associated with the
dominant HEPs was assigned.

<
?-*
.
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< TcNe G.2.122.1
'

HEP 122 Calculation

Recovery Action (1) RA-SWXT-MODI

Event Description (2) RA-SWXT-MODI is the operator action to provide makeup with SSWXT for **ennng" the vessel

Event Context (3) For the PA-SWXT-MODI calculation (HEP 122), the operators have diagnosed the fact that they are by default
* steaming" the vessel and have opened at least 1 SRV. With the SRVs open, the operators will now have
approximately 1.6 hours to provide makeup to the vessel before boil-off to the top of the core occurs (2.6 hours
minus I hour allowed for earlier operator actions in the sequence (OPECS, OPFLD, OPSTM etc., see Table
F.2.1). In calculating the HEP for this recovery action, it was assumed that the operators had attempted to follow
procedure in earlier parts of the relevant sequences (i.e., they had a%,,,i,a ECCS water solid operaban (OPECS
succeeds)) and had been performing correctly. RA-SWXT-1 is the operator action to diagnome the neal for
makeup, select SSWXT, and initiate the system. Power was assumed to be available, so SSWXT can be initiated
from the control room.

Applicable Procedures (4) EP-2 (RPV Control, Rev.19), RHR SOI (04-1-01-E12-1 Step 6.10)

O
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2 Tcble G.2.122.2 :z:

Sequence Timing and Indications $
O
Pi
:c Event / Occurrence Time (T ) Annunciator / Indication Comments /

, h (of most interest) Operator (3) Sourte of
*

| (1) Alerted Informationw

(2) (4)

Operators need to O The operators have diagnosed that they are steaming 1he
provide makeup with vessel by default and have opened 1 SRV. Temperature
SSWXT to successfully will increase to a point and level will gradually decrease.
steam the vessel. They Given their correct diagnosis, they will be aware of the
have already opened I need to provide some form of makeup. EP-2 will indicate a

| SRV. need for level control.

Table G.2.122.3
Pbtential Operator Action

O
& Description Number of Activities (Tasks) Comments /
$ of Event Abnormal Events Required to Perform Source of Information

| (1) (2) Action and Procedures (4)

i (3)
1

. Operators need to provide makeup One Initiate injection with SSWXT per
| with SSWXT to successfully steam RHR SOI, Step 6.10.

the vessel. They have already
opened i SRV.

I
|

|
i

|
1

-

A

|

1



< Tr.ble G.2.122.4,
Time Available to Diagnose and Perfonn the Taskr

u -

Action Time by Which Time at Which Operator Maximum Time Available Comments /

(1) Operator Must is Alerted that Symptom to Perform the Identified Source of Infonnation

Act (T,) has Occurred (T,) Operator Activities (T,) (5)
(2) (3) (4)

Diagnose the need % minutes 0 % Minutes SEA Calculation C90-4924)l-
and carry-out the A16. Also see Table F.2.1.
actions required to
initiate SSWXT to
provide level for
steaming.

_

Table G.2.122.5
Operator Action Performance Time

Q
6
D Activities Location Travel Performance Total Action Comments /

(1) (2) Time (T ) Time (T) Time (T,) Source of Infonnation
(3) (4) (5) (6)

1. Initiate vessel CR - 1 minute 1 minute Per ASEP Table 8-I, Step Sb, a 1 min. travel and
injection with Total. manipulation time was assumed for each action in the
SSWXT. CR.

Z
C
m
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Z Table G.2.122.6 :r:
k Diagnosis Time for Operator Action $m -

O
Fi
W Action Maximum Time Total Action Thne Available Ca====#al

h (1) Available (T,) Time (r,) to Diagnosas (T) Source of
(2) (3) (4) Infonnetionw

(5)

Diagnose the need to 96 minutes I minute Approx. 95 minutes
.-

initiate SSWXT to provide
level for steaming.

Table G.2.122.7
Diagnosis Analysis

Action Failure to Skill-Based Adjusted / Comments /
(1) Diagnose (3) Final HEP Source of Infor==*ian

o (2) (4) (5)
b
on

Diagnose the need Per ASEP HRAP Table 8-3, Median = 1.0E-4 Interviews with operators uxhcated a good
to initiate SSWXT the median value from ASEP awareness of the notion of *amanny the
to provide level for Figure 8-1 for 95 minutes EF = 30 vessel. In fact, several operators indicated it
steammg. diagnosis time was assigned. would be preferable to floodmg the vessel and

Mean = 9.0E-4 more likely to be used. In the present context,
the operators have decided to steam and have
opened 1 SRV. Dus, even though da===ng is
not pid limed, they will be likely to
ruline the need for makeup. EP-2 directs the
need for level control evest without the n6tson
of =**=mmt and SSWXT is one of the options.

$
.-
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g . Table G.2.122.8 '

Post-Diagnosis Action Type Identification per Step le, Table 8-1 of ASEP HRAPr
r

Action Safety Systems Failed EOPs, Training, Individual Dynamic or Comuments/
(1) (2) Use EOPs Well Operator Must Step 4y-Step Soum of

Designed EOPs Perfonn Concurrent (5) laf= 4
(3) Tasks (6)

(4)

Initiate N/A Actions clearly No SteNy-Step '

injection with specified by
SSWXT. procedure.

Interviews imiic*tal
that the operators
were knowledgeable'
about the need for
the actions and
requirements.

O
b
* Table G.2.122.9

Post-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP HRAP

'
Action T <2h Recirt. Phase More Than Two Operator Stress Level Canunents/

(1) After 1E in Safety Systems Familiar (6) Sourte of Infer ==*ia=
(2) Large LOCA Fail W/ Sequence (7)

(3) (4) (5)

Initiate N/A' N/A No N/A Moderately2

injection High
with
SSWXT.

'
2 At least moderately high stress was assunal for all events.

2C For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not neccesanlY lead to an assenption of
E extremely high stress. Each human action event was exammed as a function of the context.
o
8
20
6 3'.
5 E
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2 Table G.2.122.10 :z:

$ Total HEP '$
m
O
6
? Actkm Original Ir.4~. " ." Total HEP EF Comments /,

{ (1) Operator HEP Check /Correctum (4) (5) Sourte of'

(HEP ) HEP Informationw >

(2)' (HEP,) (6)
'

(3)

1. Diagnose the need Median = 1.0E-4 - Med. Mean (30)
to initiate SSWXT to 1.0E-4 9.0E-4
provide level for Mean = 9.0E-4
steaming. |

2. Initiate SSWXT Med. = 0.02 Credit for a second and third check were 0.0008 0.0033 L5L Second check HEPs i,

injection. Mean = 0.032 given. It was assumed that%e operators 0.0009 0.0042 (5) are multiplied by the p

have performed correctly to this point original HEP for each
and that SSWXT may be their last line of Total Median HEP action and the third ,

defense (given the time required to align = 0.0009 check HEP is '!

FW). Ample time is available for multiplied by the

{ recovery credit for any failed actions. Total Mean result.

g "Ihe HEPs for the second and third check HEP = 0.0042
were: The error factor ;

associated with the *

Median = .2 dommant HEP was

Mean = .323

| *

1

!

|
t

i
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< Tchie G.2.123.1
| E HEP 123 Calculation
|

*
t

| Recovery Actim(1) RA-FWLVL-1

| Event Description (2) RA-FWLVL-1 is the operator action to align FW for RPV injectim to * steam * the vessel.

I Event Context (3) For the RA-FWLVL-1 calculation (HEP 123), the operators have diagnosed the fact that they are by default
"steammg* the vessel and have opened at least 1 SRV. With the SRVs open, the operators will now have
approximately 1.6 hours to provide makeup to the vessel before boil-off to the top of the core occurs (2.6 hours
minus I hour allowed for earlier operator actions (OPECS, OPFLD, OPSTM etc., see Table F.2.1). RA-
FWLVL-1 is the opentor action to diagnose the need for makeup, select FW (which is the only available system),
and align and initiate FW for RPV injection (per Attachment 26 of EP-2). In calculating the HEP for this recovery
action, it was assumed that the operators had attempted to follow procedure in earher parts of the relevant
sequences (i.e., they had attempted ECCS water solid operation (OPECS succeeds)) and had been performmg
correctly.

_

Applicable Procedures (4) EP-2 (RPV Control, Rev.19), EP-2 (Attachment 26, Injection into the RPV with Fire Protection Water System,
05-S-01-EP2-2).

O
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Z Table G.2.113.2 m
Sequence Timing and Indications $

0

h Event /Occumnce Time (T ) Annunciator / Indication Comunents/
*g (of most intmst) Operator (3) Source of

g (1) Alested Information
(2) (4)

Operators need to O The operators have diagnosed that they are steammg the
provide makeup with vessel by default and have opened 1 SRV. Temperature
FW to successfully will increase to a point and level will giadually decrease.
steam the vessel. They Given their correct diagnosis, they will be aware of the
have already opened I need to provide some form of makeup. EP-2 will indicate a
SRV. need for level control and FW is the only available system.

Attachment 26 of EP-2 describes how to align FW for RPV
injection.

Table G.2.123.3
Potential Operator Action

_
.s_g

Q Description Number of Activities (Tasks) Comments /
w of Event Abnormal Events Required to Perform Sourte of information

(1) (2) Action and Proceduns (4)
(3)

Operators need to align One. Per EP-2, Attachment 26:
and provide makeup
with FW to successfully 1. As many as 10 different hose connections
steam the vessel. They must be made in the Auxiliary Building for
have already opened I comr>lete alignment of the FW system.
SRV. However, a couple of connections would be

adequate to begin injection and the others
could follow (Step 2.1).

2. Open any one of 4 valves (Step 2.2.1).

3. Start the FW pumps and pressurize the
hose (Step 2.2.2a,b).

4. Open the test connection valves
(connected in Step 2.1) and check for flow
(2.2.2c)<

.

. _ . . , - . . - _ _ . . . _ .



g Tchie G.2.123.4
-

Time Ardlabic to Diagnose r.nd Perform the Task
a

Action Time by Which Time at Which Operator Maximum Time Available Comments /
(1) Operator Must is Alerted that Symptom to Perform the Identified Source of Information

Act (T) has Occurred (T,) Operator Activities (T,) (5)
(2) (3) (4)

.

Diagnose the need 96 minutes 0 % Minutes SEA Celculation C90-492-Ol-
and carry-out the A16. Also see Table F.2.1.
actions required to
initiate FW to provide
level for steaming.

Table G.2.123.5
Operator Action Performance Time

Q
& Activities Location Travel Performance Total Action Comments /
O (1) (2) Time (T,) Time (T) Time (T,) Source of Information

(3) (4) (5) (6)

Align FW system for Aux. - 60 to 70 minutes 60 to 70 The travel and performance time estimate was based
RPV injection (see Building minutes on examination of the pmcedure (EP-2, Attachment
Table G.2.123.3 26) and discussions with plant personnel. At least
above for description some injection with FW could be easily completed
of actions). within an hour.
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Z Tab 3e G.2.123.6 :
E Diagnosis Time for Operator Action s
$
s
W Action Maximum Time Total Action Time Available Comments /

h (1) Available (T,) Time (T,) to Diagnosis (T) Source of
(2) (3) (4) Informationw

(5)

Diagnose the need to align % minutes Approx. 70 minutes 26 minutes
and initiate FW to provide
level for steaming.

Table G.2.123.7
Diagnosis Analysis

Action Failure to Skill-Based Adjusted / Comments /

(1) Diagnose (3) Final IIEP Sourte of Information
a (2) (4) (5)
&
t

Diagnose the need Per ASEP HRAP Table 8-3, Median = 0.003 Interviews with operators indicated a good
to align and initiate the median value from ASEP awareness of the notion of steaming the
FW to provide level Figure 8-1 for 26 minutes EF = 10 vessel. In fact, several operatom indicated it
for steaming, diagnosis time was assigned. would be preferable to flooding the vessel and

Mean = 0.008 more likely to be used. In the present context,
the operators have decided to steam and have
opened i SRV. 'Rus, even though steaming is
not proceduralized, they will be likely to
realize the need for makeup. EP-2 directs the
need for level control even without the notion
of steaming. FW the only system available
and the operators are tramed to use FW in
similar situations and alignment is described
in EP-2.

#o
-

A

,.



g Ts.ble G.2.123.8
Post-Diagnosis Action Type Identification per Step 10, Table 8-1 of ASEP HRAP--

a,

a

~

Action Safety Systans Failed EOPs, Training, Individual Dynamic or Comments /
(1) (2) Use EOPs Well Operster Must Step-by-Step Source of

Designed EOPs Perform Concurrent (5) Infonnation
(3) Tasks (6) .

(4) .

Align FW for N/A Actions clearly No Step-by-Step
RPV specified by
injection (see procedure.
Table Interviews indicated
G.2.123.3 that the operators
above for were knowledgeable
description of about tim need for
actions. the actions and

requirements.

O
I
* Table G.2.123.9

Post-Diagnosis Stress-Level identification per Step 10, Table 8-1 of ASEP HRAP

Action T < 2h Recirt. Phase More Than Two Operator Stress Level Conunents/
(1) After IE in - Safety Systems Familiar (6) Souru of Information

(2) Large LOCA Fail W/ Sequence (7)
(3) (4) (5)

Align FW N/A' N/A No N/A Moderately2

for RPV High -

injection.

' At least moderately high stress was assumed for all events.
*

y For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of
g extremely high stress. Each human action event was exammed as a function of the context.

'

o
a
:c i
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Tchie G.2.123.10 :I:,

Total HEP $
Q

h Action Original Independmt Total HEP EF Canunets/
j & (1) Operator HEP Check /Corrtction (4) (5) Source of :

'

T (MEP ) HEP Information
(2)' (HEP) (6)

"

(3)''

1. Diagnose the need Median = 0.003 - Med. Mean (10) :
'

to align and initiate 0.003 0.008
FW to provide level Mean = 0.008
for steaming.

2. As many as 10 Med. = 0.02 Credit for a second check on all the actions 0.004 0.0104 (5) Second check
different hose Mean = 0.032 were given. It was assumed that the operators HEPs are
connections must be have performed correctly to this point and that multiplied by

,

made in the Auxiliary FW may be their last line of defense. the original '

Building for comolete Furthermore, more than one person would be HEP for each
alignment of the FW involved in the activity and a failure on a action,
system. However, a single test connection would not be likely to
couple of connections fail the entire procedure. The HEPs for the

O would be adequate to second were:
begin injection and the*

$ others could follow Median = .2
(Step 2.1). I

Mean = .323

3. Open any one of 4 Med. = 0.02 Yes, see above. 0.004 0.0104 (5)
valves (Step 2.2.1). Mean = 0.032

4. Start the FW pumps Med. = 0.02 Yes, see above. 0.004 0.0104 (5)
and pressurize the hose Mean = 0.032
(Step 2.2.2a,b). p

5. Open the test Med. = 0.02 Yes, see above. 0.004 0.0104 (5.) The error factor
connection valves Mean = 0.032 0.015 0.05 (5) associated with
(connected in Step 2.1) the dormnant
and check for flow Total Median HEP HEPs was

(2.2.2c) = 0.015 assigned.

Total Mean
HEP = 0.05

<
S I

.
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< Tr.ble G.2.124.1 -

.-- HEP 124 Calculation
s

Recovery Action (1) RA-ECCS-CONTROL

Event Description (2) RA-ECCS-CONTROL is the operator action to control level after the auto-initiation of LPCI on
low level. The operators have been steaming the vessel at low pressure with MSIVs open and need
to control the level increase in order to avoid floodmg down the open main steam lines.

Event Context (3) For HEP 124, the operators are steaming the vessel at low pressure with MSIVs " pen. Theo

operators have watched vessel level decrease and are aware that normal means of SDC are
unavailable. As level has dropped, the operators will have received several alarms. At level 1
LPCI will auto-start and additional alarms will sound. At low pressure, LPCI will increase level
rapidly and the operators will have about 7 minutes to control level before the begin to flood down
the steam lines through the open MSIVs. The question is whether the operators will diagnose the
need and control level. As noted, several alarms and indications will be available and additional
alarms will sound as level increases. It was assumed that if the operators diagnose the need to
control level, the action would be am "immediate emergency action" per ASEP HRAP. Given the
indications available, the operators awareness of the injection rate of LPCI, and (on the basis of
interviews) their desire not flood down the steam lines, the conect diagnosis should be

[ straightforward.
.
" Applicable Procedures (7) EP-2 (RPV Control, Rev.19)
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Z Table G.2.124.2
E Sequence Timing and Indications $
o
a
y Eveet/ Occurrence Time (T ) Annunciator / Indication Comments /

*

(of rcost intaest) Operator (3) Sourre of-
,

(1) Alerted Infonnation!
w

! (2) (4)

LPCI has auto-started. O Several low level alarms would occur and the auto-start of
he operators must the LPCI system would be alarmed. As level increased
realize the need to rapidly, additional alarms wwld occur.

'
control level to avoid
flooding dow11 open

,

main steam lines.'

Table G.2.124.3
! Potential Operator Action

O
g Description Number of Activities (Tasks) Comments /
= of Event Abnormal Events Required to Perfonn Source of Information

(1) (2) Action and Procedures (4)
(3)

De operators are steaming the One Control level from the control
core at low level with MSIVs panel.
open. LPCI auto-starts on low
level. He operators must realize
the need to control level to avoid
flooding down the open main
steam lines.

I
-

A



g Tchte G.2.124.4
r Time Available to Diagnme and Perform the Task
u

Action Time by Which Time at Which Operator Maximum Time Avadable Comments /
(1) Operator Must is Alerted that Symptom to Perfonn the Identified Source of Information

Act (T,) has Occurred (T,) Operator Activities (T,) (5)
(2) (3) (4)

Controllevel after 7.7 minutes 0 7.7 minutes SEA Calculation C90-492-01-
auto-start of LPCI A16

Table G.2.124.5
Operator Action Perfonnance Time

Activities Location Travel Performance Total Action Comments /

(1) (2) Time (T,) Time (T) Time (T,) Source of Infonnation
(3) (4) (5) (6)o

e
% Control level CR - I minute I minute Controlling level would be more or less continuous process,

to prevent (per Table 8-1, I min. Total but it was assumed that the initial steps to control level would
flooding down Step Sb require about I minute.
open main
steam lines.

Z
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2 Table G.2.124.6 =
E Diagnosis Time for Operator Action $
o
a
y Action Maximum Time Total Action Time Available Comments /

(1) Available (T,) Time (T,) to Diagnosis (T,) Source of-

(2) (3) (4) Information"

(5)

Diagnose need to control 7.7 minutes 1 minute Approx. 6.6 minu+.es Whether or not the
level after auto-start of operators would control
LPCI in order to prevent level once they figured-out
flooding down open main what w1is going on was not
steam lines. really in question. He

operators know the
injection rates and would
want to control level. He
limitation is the amount of
time available.

9
O Table G.2.124.7

Diagnosis Analysis

Action Failure to Skill-Based Adjusted / Comments /

| (1) D.iagnose (3) Final IIEP Sourte of Information
(2) (4) (5)

Diagnose need to Per ASEP HRAP Table 8-3, Med. = 0.02 Whether or not the operators would control
| control level after an the lower bound value from level once they figuredent what was going

| aut6-start of LPCI on Figure 8-1 for 6.6 minutes Mean = 0.05 on was not really in question. The operators
low level. diagnosis time was assigned. know the injection rates and would want to

control level. He limitation is the amount
of time available. Hus, lower bound value
for the diagnosis was assigned.

$,
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g Tchle G.2.124.8
Post-Diagnosis Action Type Identification per Step 10, Table 8-1 of ASEP IIRAP-

s.

Action Safety Systems EOPs, Training, Individual Dynamic or Cornments

(1) Failed Use EOPs Well Operator Must Step-by-Step Source of Information

(2) Designed EOPs Perform Concurrent (5) (6)

(3) Tash
(4)

Control level. N/A The nature of the No N/A 'Re action was assumed to be

action is obvious. an *immediate emergency
action * per ASEP HRAP
Table 8-5, Item 10. As soon
as the operators realized LPCI
was injecting, they would be
very likely to control level.

Table G.2.124.9

o Post-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP 11 RAP

b
_

Action T <2h Recire. Phase More Than Two Operator Stress Level Comments /

(1) After IE in Safety Systems Familiar (6) Source of Information

(2) Large LOCA Fail W/ Sequence (7)

(3) (4) (5)

Control level. N/A' N/A No N/A N/A The action was assumed to be an2

"immediate emergency action *
per ASEP HRAP Table 8-5,
item 10. As soon as the
operators realized that LPCI was
injecting, they would be very
likely to control level.

'
2 At least moderately high stress was assumed for all events.

%
For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of2

g extremely high stress. Each human action event was examined as a function of the context.
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2 Tcble G.2.124.10 :::
E Total HEP $
8
a
y Action Original Independent Total HEP EF Cenunants/
.;- (1) Operator HEP Check /Correchon (4) (5) Source of

(HEP ) HEP Infor-ahamw

(2)* (HEP) (6)
(3)

1. Diagnosis Median = 0.02 - Med. Mean (10)
0.02 0.05

Mean = 0.05

2. Control level after immediate emergency N/A 0.001 0.0027 R The error factors were the same
an auto-start of LPCI action. 0.021 0.053 (10) for both HEPs.
on low level to
prevent flooding down Median = 0.001 Total Median HEP
open steam lines. = 0.021

; Mean = 0.0027
#

Total Mean HEP

$ = 0.053
=

i
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g Toble G.2.125.1
P HEP 125 Calculation
a

Recovery Action (1) RA-DEPRESSURIZE

Event Description (2) RA-DEPRESSURIZE is the operator action to depressurue the vessel in order to steam at low pressure.

Event Context (3) For the RA-DEPRESSURIZE calculation (HEP 125), the operators have decided to steem the vessel at high
pressure. However, CRD and HPCS are not available and the operators have watched vessel level decrease. Since
several low pressure systems are available, the logical action would be to depressurue the vessel by opemng 2 ,

SRVs, and steam at low pressure. LPCI has auto-started at level 1 and as soon as the operators depressurue, LPCI
will begin to inject automatically. It was assumed that the operators would (conservatively) have about 10 minutes
for the diagnosis and action once level 1 is reached. With level becoming critical and low pmssure systems
available or already running (LPCI en level 1), the decision to depressurue would be obvious and imiic=wt by EP--

2. He result would be steammg at low pressure with the needed makeup.

EP-2 (RPV Control. Rer 49)Applicable Procedures (4)
__

o
b
w
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Z Ttble G.2.125.2 :::
E Sequence Timing and Indications $
$
n
* Event! Occurrence Time (T ) Annunciator / Indication Comments /

h (of most interest) Operat/r (3) Source of
(1) Alerted Informationw

(2) (4)
_

Operators are steaming O Low level signals and arto-start of LPCI on low level. EP-
at high pressure, but 2 will indicate a neaf for level control and depressurization
neither CRD or HPCS is in order to use low pressure systems for makeup.
available for injection
and level is critical.
Operators need to open
2 SRVs to depressurize
the vessel. LPCI will
begin to inject,

o Table G.2.125.3
Potential Operator Action

Description Number of Activities (Tasks) Comments /
of Event Abnonnal Events Required to Perform Source of Information

(1) (2) Action and Procedures (4)
(3)

Operators are steaming at high One Open 2SRVs from the CR
pressure, but neither CRD or
HPCS is available for injection and
level is critical. Operators need to
open 2 SRVs to depressurize the
vessel. LPCI will begin to inject.

<
o
--

b



< Tr_ble G.2.125.4
Time Available to Diagnose and Perform the Task

Action Time by Which Time at Which Operator Maximum Time Available C-el
(1) Opaator Must is Alerted that Symptom to Perfonn the Identified Source of Information

Act (T,) has Occurred (T) Operator Activities (T,) (5)

(2) (3) (4)

Diagnose the need 10 minutes 0 10 minutes Assumed per instmetions of

and cany-out the PRA team leader.

actions required to
depressurize the
vessel to allow
steaming at low
pressure.

Table G.2.125.5

o Operator Action Perfonnance Time

b
u

Activities Location Travel Performance Total Action Comments /

(1) (2) Time (T,) Time (T) Time (T,) Source of Information
(3) (4) (5) (6)

1. Open 2 SRVs. CR - I minute I minute Per ASEP Table 8-1 Step Sb, a 1 min. travel and
manipulation time was assumed for each action in the
CR.

2
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2: Ttble G.2.125.6 2:
E Diagnosis Time for Operator Action $
8
n
{ Action Maximum Time Total Action Time Available Comments /

(1) Available (T,) Time (T,) to Diagnosas (T) Source of-

(2) (3) (4) Informationw

(5)

Diagnose the need and 10 minutes I minute Approximately 9 minutes
carry-out the actions
required to depressurize the
vessel to allow steaming at
low pressure.

Table G.2.125.7
Diagnosis Analysis

o Action Failure to Skill-Based Ac(justed / Comments /

$ (1) Diagnose (3) FinalIIEP Source of Information
*

(2) (4) (5)
-

Operators are Per ASEP HRAP Table 8-3, Median = 0.01 Interviews with operators indicated a good
steaming at high the lower bound value from awareness of the notion of steammg the
pressure, but neither ASEP Figure 8-1 for EF = 10 vessel. In fact, several operators indicated it
CRD or HPCS is approximately 9 minutes would be preferable to flooding the vessel and
available for diagnosis time was assigned. Mean = 0.027 more likely to be used. In the present context,
injection and level is the operators have low pressure systems
critical. Operators available for injection and level is low. All
need to open 2 high pressure systems are unavailable. With
SRVs to the multiple indications and the guidance in
depressurize the EP-2 reganhng level control, deciding to
vessel. LPCI will depressurize should be obvious. Thus, the
begin to inject, since lower bound from ASEP HRAP Figure 8-1
it auto-started on was assigned.
level 1.

#
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g . Ttble G.2.125.8
Post-Diagnosis Action Type Identification per Step 10, Table 8-1 of ASEP HRAP-

r

Action Safety Systans Failed EOPs, Training, Individual Dynamic or Commeds/
(1) (2) Use EOPs Well Operator Must Step-by-Step Source of

Designed EOPs Perform Concurrent (5) Information
(3) Tasks (6)

(4)

Open 2 N/A Actions are obvious. No Step-by-Step
SRVs. Interviews indicated

that the operators
were knowledgeable
about the need for
the actions and
requirements.

o Table G.2.125.9
Post-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP HRAP

Action T <2h Recire. Phase More Than Two Operator Stress Level Comments /

(1) AfterIE in Safety Systans Familiar (6) Source of Information
(2) Large LOCA Fail W/ Sequence (7)

(3) (4) (5)

Open 2 N/A' N/A No' N/A Moderately
SRVs. High

' At least moderately high stress was assumed for all events.
* For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of

extremely high stress. Each human actio event was examined as a function of the context.
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Z Tr ble G.2.125.10 :c
E Total IIEP $
8
8
g Action Original Independent Total HEP EF Comments /

(1) Operator HEP Check / Correction (4) (5) Source of-

(HEP ) HEP Infonnation"

(2)' (HEP,) (6)
(3)

1. Diagnose the Median = 0.01 - Med. Mean (30)
need to 0.01 0.027
depressurize Mean = 0.027
the vessel to
allow steaming
at low
pressure.

2. Open 2 Med. = 0.02 Credit for a second and third checks on 0.0008 0.0033 (1)_ Second check HEPs are
SRVs Mean = 0.032 the action were given. Even though time 0.01 0.03 (10) multiplied by the original

is limited, the operators will be very HEP for each action and the

{ concerned at this point and will be Total Median HEP third check HEP is multiplied
g attending to any problems once the = 0.01 by the result.

decision is made. Feedback should be
immediate. The HEPs for the second and Total Mean The error factor associated
third check were: HEP = 0.03 with the dommant HEPs was

assigned.
Median = .2

Mean = .323 .

#
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< Tr.ble G.2.126.1
HEP 126 Calculation

Recovery Action (1) RA-HPCS-HW-1 and RA-CRD-HW-1

Event Description (2) RA-HPCS-HW-1 and RA-CRD-HW-1 are not operator actions. Their failure probabilities represent the Ma
probabilities of being unavailable because the system is out for maintenance or because of a hardware failure.

Event Context (3) 'Ibe failure probabilities for RA-HPCS41W-1 and RA-CRD-HW-1 were used dunng recovery if the systems has
not been asked earlier, but were asked for recovery.

Applicable Procedures (4) N/A

,
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Z Tcble G.2.126.10 :I:
E Total HEP $
8
8
M Action Original Independent Total HEP EF Comments /
h (1) Operator HEP Check /Comction (4) - (5) Source of Infonnatica

'

(HEP ) HEP (6)
w

(2)* (HEP ) '

(3)

1. RA-HPCS-HW-1 Mean = 0.25 N/A Mean = 0.25
Hardware +
unavailability for HPCS

2. RA-CRD-HW-1 Mean = 0.003 N/A Mean = 0.003
Hardware +
unavailability for CRD "

o
0.
8

i

o
--

A

. - . . . , , , _ , , . . . _ .



g Tsble G.2.127.1

{ HEP 127 Calculation

! Human Action Event (1) OPDHR1 (1)

Event Tree (s)(2) RWC26

Initiators (3) RWC26

Sequence locator Files (4) OPDHR26.FLD

Event Description (5) OPDHR1 is the operator action to diagnose and isolate a break in the RWCU line by closing RWCU isolation
valves. In this event, to be successful the operators must isolate the break before level 3 is reached and SDC auto-
isolates.

_

Event Context (6) For the_OPDHR1 (1) calculation (iiEP 127), the initiator i.t a break in the RWCU line. Dependmg on where the
break is located in the line, the GPM lost will vary, as will the amount of time the operators have to respond.
OPDHR is this case the operator action to isolate letdown (RVCU) before level 3 is reached, which results in
SDC auto-isolating. A level 4 alarm will sound within 4 minutes after the break. It was assumed that the level 4
alarm and the continued decrease in level would indicate to the opmtors that letdown should be isolated. 'this was
assumed to be the case even if they are not yet aware of a break or vhere it is located. That is, a substantial loss

$ oflevel should indicate a need to stop letdown in any way possible Isolating RWCU is an obvious place to start.
S If OPDHR1 fails, SDC will auto-isolate on level 3. Numemus ala.ms and indications will alent the operators to the

loss of SDC.

Applicable Procedures (7) No specific procedures, but the rapid loss of level and associated alarms will indicate the need to stop letdown.

2
C
W
b
a
W
dh Z

b h
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Z Table G.2.127.2 :n

h Sequence Timing and Indications $
$
n
W Event /Oum.oa Time (T ) Annunciator / Indication Comments /-

h (of most interest) Operator (3) Sourte of
*

(1) Alerted Informationw

(2) (4)
~

Break in RWCU line, 4 minutes Alevel 4 alarm will sound within 4 minutes after the
resulting in a need to break. It was assumed that the level 4 alarm and the
isolate the break before continued decrease in level would indicate to the operators

level 3 is reached and that letdown should be isolated. This was assumed to be the
SDC auto-isolates. case even if they are not yet aware of a break or where it

is located. That is, a substantial loss of level should
indicate a need to stop letdown in any way possible.
Isolating RWCU is an obvious place to start. If OPDHRI
fails, SDC will auto-isolate on level 3. Numerous alarms
and indications will alert the operators to the loss of SDC

O
Q Table G.2.127.3

Ibtential Operator Action"

Description Number of Activities (Tasks) C ---- - -;;I

of Event Abnormal Events Required to Perform Source of Information

(1) (2) Action and Procedures (4)
(3)

Break in RWCU line, resulting in One The operators need to close the i Since RWCU is the normal means

a naxi to isolate the break before or the 4 valve. ofletdown during LP&S, the

level 3 is reached and SDC auto- operators will be familiar with

isolates. how to isolate the system (i.e.,
stop drairdown).

#
o
-

A

_ _ _ _ _ _ i ll ~~''
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1Ttble G.2.127.4

{g Time Available to Diagnone and Monn the Task

Action Time by Which Time at Which Operator Maximian Time Available Conunents/ ,

'

(1) Operator Must is Alerted that Symptom to Morm the Identified Soum ofInfW

Act (T) has Occurred (T,) Operator Activities (T,) (5)

(2) (3) (4)

De operators need to 27.3 minutes 4 minutes Approx. 23 minutes SEA Calculation C90-492-Ol-

diagnose the need to A16
!

isolate RWCU prior
to vessel water level
. reaching level 3.

Table G.2.127.5
Operator Action Monnance Time

C
e Activities Location Travel Monnance Total Action Comunents/
0 (1) (2) Time (T,) Time (T) Time (T,) Source of Infonnation

(3) (4) (5) (6)
~

1 minute I minute Note that travel and manipulation (m'mw)Isolate RWCU. by CR -

closing 1 or 4 valve. times in the control room were determmed using ;

ASEP Table
8-1. Step Sb, and are grouped under the
performance time colunm.

t
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Z Tr.ble G.2.127.6 %
E Diagnosis Time for Operator Action $
0
s
{ Action Maximum Time Total Action Time Available Comments /
g (1) Available (T,) Time (T,) to Diagnosis (T,) Source of
w

(2) (3) (4) Infonnation
(5)

He operators need to 23 minutes I minute 22 minutes
diagnose the need to isolate
RWCU in response to a
loss of level from a break
in the RWCU line and a
level 4 signal.

Table G.2.127.7
Diagnosis Analysis

o
h Action Failure to Skill-Based Adjusted / Comments /
"

(1) Diagnose (3) Final IIEP Source of Information
(2) (4) (5)

Diagnose need to Per ASEP Table 8-3, the Med. = 0.005 He site interviews indicated that (obviously)
isolate RWCU in median value from Figure 8-1 the operators are aware of the nad for SDC
response to loss of for 22 minutes diagnosis time Mean = 0.01 during LP&S. They would also (obviously) be
level. was assigned. concerned about a dramatic loss of level and

would certainly want to isolate the break to
prevent isolation of SDC. Even if they were
unaware of the break location, isolation of
RWCU would be a natural response to a loss
of level.

#o
--

A



g Tchle G.2.127.8
Post-Diagnosis Action Type Identification per Step 10, Table 8-1 of ASEP llRAP~

a
.__ ,_ d'

Action Safety Systems Failey EOPs, Training, Individual Dynamic or Comments

(1) (2)
^ Use EOPs Well Operator Must Step-by-Step Source of Information

Designed EOPs Perform Concurrent (5) (6)
(3) Tasks

(4) -

Isolate N/A Interviews indicated No Step-by-step.
'1WCU. that the operators

would be The operators

1[ knowledgeable about would know how
the need for the to close the
actions. relevant valves -

from the control
room.

o Table G.2.127.9

g Post-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP IIRAP

Action T < 2h Recire. Phase More Than Two Operator Stress level Conunents/

(1) AfterIE in Safety Systems Familiar (6) Sourte of Information
(2) Large LOCA Fail W/ Sequence (7)

(3) (4) (5)

Isolate N/A' N/A No N/A Moderately Several systems available
RWCU High and substantial time before
before core damage.
vessel
water level
3 is
reached.

2
C
W 'm At least rmxlerately high stress was assumed for all events.

k For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarilY lead to an assumption of2

M extremely high stress. Each human action event was examined as a function of the context.

k
0 >
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Z Tcble G.2.127.10 :I:

h Total HEP $
8
h
y Action Original Independent Total IEP EF Comments /
g (1) Operator IEP Check / Correction (4) (5) Source of

(IEP ) IEP Infonnation"

(2)' (IEP,) (6)
(3)

1. Diagnosis Med. = 0.005 - Med. Mean (10)
0.005 0.01

Mean = 0.01

2. Isolate RWCU by closing 1 or 4 Med. = 0.02 Credit for a second 0.004 0.01 11L Second check HEPs
valve. Mean = 0.032 check was taken because 0.009 0.02 (10) are multiplied by the

of theimmediate original HEP for
feedback from continued Total Median each action.
loss of level. HEPs for HEP = 0.009
failure to provide a Since all the HEPs
second check were: Total Mean HEP make significant

9 = 0.02 contributions to the

h Med. = .2 total HEP, the larger
error factor was

Mean = .323 assigned.

i

!
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p Tr.ble G.2.128.1
HEP 128 Calculation i{

Human Action Event (1) OPDHR1 (2)

Event Tree (s)(2) . RWC74

Initiators (3) RWC74

Sequence Locator Files (4) OPDHR74.FLD
t,

Event Description (5) OPDHR1 is the operator action to diagnose and isolate a break in the RWCU line by closing RWCU isolatma !

valves. In this event, to be successful the operators must isolate the break before level 3 is reached and SDC auto-
isolates, i

Note: This event is identical to OPDHR1 (1), HEP 127, except that the amount of tirne available to respond is
different because of the location and size of the break in the RWCU line.

Event Context (6) For the OPDHRI (2) calculation (HEP 128), the initiator is a break in the RWCU line. Dependmg on where the
break is located in the line, the GPM lost will vary, as will the amount of time the operators have to respond.
OPDHR is this case the operator action to isolate letdown (RWCU) before level 3 is reached, which results in
SDC auto-isolating. A level 4 alarm will sound within 4 minutes after the break. It was ==-mad that the level 4

,

$ alarm and the continued decrease in level would indicate to the operators that letdown should be isolanad This was

$ assumed to be the case even if they are not yet aware of a break or where it is le=*ad. That is, a substantial loss
of level should indicate a need to stop letdown in any way possible. Isolating RWCU is an obvious place to start.
If OPDHR1 fails, SDC will auto-isolate on level 3. Numerous alarms and inchcations will alert the operators to the
loss of SDC.

Applicable Procedures (7) No specific procedures, but the rapid loss of level and associated alarms will indicate the need to stop letdown.
t
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E $

1 8
8 r ble G.2.128.2a

$ Sequence Timing and Indications
~

t w'
t,a

Event /Ou- e u.cc Time (T ) Annunciator / Indication Comments /
*

( (of most interest) Operator (3) Sourte of
(1) Alerted Information

(2) (4)

Break in RWCU line, 4 minutes A level 4 alarm will sound within 4 minutes after the
resulting in a need to break. It was assumed that the level 4 alarm and the
isolate the break before continued decrease in level would indicate to the operators
level 3 is reached and that letdown should be isolated. His was assumed to be the
SDC auto-isolates. case even if they are not yet aware of a break or where it

is located. That is, a substantial loss of level should
indicate a need to stop letdown in any way possible.
Isolating RWCU is an obvious place to start. If OPDHR1

a fails, SDC will auto-isolate on level 3. Numerous alarms
and indications will alert the operators to the loss of SDC

Table G.2.128.3
Potential Operator Action

| Decription Number of Activities (Tasks) Comments /
4 of Event Abnormal Events Required to Perfonn Source of Information

(1) (2) Action and Pmcedures (4)
(3)

Bn:ak in RWCU line, resulting in One The operators need to close the 1 Since RWCU is the normal means
a need to isolate the break before or the 4 valve. of letdown during LP&S, the
level 3 is reached and SDC auto- operators will be familiar with
isolates. how to isolate the system (i.e.,

stop draindown).

<
o
-
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g Tcble G.2.128.4

{ Time Available to Diagnose and Perform the Task

Action Time by Which Time at Which Operator Maximum Time Availabi e Comments /

(1) Operator Must is Alerted that Symptom to Pttfonn the Identifwd Sourte of Information
Act (T,) has Occurnd (T,) Operator Activities (T,) (5)

(2) (3) (4)
.

The operators need to 13.3 minutes 4 minutes Approx. 9 minutes SEA Calculation C9049241-
diagnose the need to A16
isolate RWCU prior
to vessel water level
reaching level 3.

Table G.2.128.5
Operator Action Performance Time

oIg Activities Location Travel Performance Total Action Comments /
* (1) (2) Time (T,) Time (T) Time (T,) Source of Information

(3) (4) (5) (6)

Isolate RWCU, by CR - I minute 1 minute Note that travel and manipulation (performance)
closing I or 4 valve. times in the control room were determined using

ASEP Table
8-1, Step 5b, and are grouped under the

,

performance time column.

2
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2 Tcble G.2.128.6 :c

f Diagnosis Time for Operator Action 5
O
n
y Action Maximian Time Total Action Time Available Comments /

g (1) Available (T,) Time (T,) to Diagnosas (T) Source of
(2) (3) (4) Informationw

(5)

The operators neal to 9 minutes 1 minute 8 minutes
diagnose the need to isolate
RWCU in response to a
loss oflevel from a break
in the RWCU line and a
level 4 signal.

Table G.2.128.7
Diagnosis Analysis

O
$ Action Failure to Skill-Based Adjusted / Comments /
o '

(1) Diagnose (3) Final HEP Sourte of Information
(2) (4) (5)

Diagnose need to Per ASEP Table 8-3, the Med. = 0.15 The site intemews indic=*ad hat (obviously)t
isolate RWCU in median value from Figure 8-1 the operators are aware of the need for SDC
response to loss of for 8 minutes diagnosis time Mean = 0.4 during LP&S. They would also (obviously) be
level. was assigned. concerned about a dramatic loss of level and

would certamly want to isolate tiie break to
prevent isolation of SDC. Even if they were
unaware of the break location, isolation of
RWCU would be a natural response to a loss
oflevel.

<,
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g Table G.2.128.8

{ Post-Diagnosis Actioni Type Identification per Step 10, Table 8-1 of ASEP HRAP

Action Safety Systems Failed EOPs, Training, Individual Dynamic or Conuments
(1) (2) Use EOPs Well Operator Mist Step-by-Step Sourte of Informaation

Designed EOPs Perform Concurrent (5) (6)
(3) Tasks

(4)

Isolate N/A Interviews indicated No Step-by-step.
RWCU. that the operators

would be The operators
knowledgeable about would know how
the need for the to close the

- actions. relevant valves
from the control
room.

o Table G.2.128.9

p Post-Diagnosis Stress-Ime! Identification per Step 10, Table 8-1 of ASEP HRAP

Action T < 2h Recire. Phase More Than Two Operator Stress Icel Comments /

(1) After IE in Safety Systems Familiar (6) Souree of Infonnation
(2) Large LOCA Fail WiSequence (7)

(3) (4) (5)

2Isolate N/A' N/A No N/A Moderately Several systems avadable
RWCU High and substantial time before
before core damage.
vessel

water level
3 is
reached.

Z
C
E ' At least moderately high stress was assumed for all events.

k For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessanly lead to an assumption of'

:o extremely high stress. Each human action event was examined as a function of the context.
t :
e 5'

!
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2 Table G.2.128.10 %

E Total IIEP $
8
Pi
y Action Original Independent Total IIEP EF Comments /
.;- (1) Operator IIEP Check / Correction (4) (5) Souire of

(IIEP ) IIEP Informationw

(2)' (IIEP ) (6)
(3)

1. Diagnosis Med. = 0.15 - Med. Mean (10)
0.15 0.4

Mean = 0.4

2. Isolate RWCU by closing i or 4 Med. = 0.02 Credit for a second 0.004 0.01 _L5L Second check HEPs
valve. Mean = 0.032 check was taken because 0.154 0.41 (10) are multiplied by the

of the immediate original HEP for
feedback from continued Total Median each action.
loss oflevel. HEPs for HEP = 0.154
failure to provide a The EF from the
second check were: Total Mean HEP dominant HEP was

[ = 0.41 assigned.
;j Med. = .2

Mean = .323
,

<o
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j Tr ble G.2.129.1
P HEP 129 Cciculation
a

Human Action Event (1) OPLEC (1)

Event Tree (s)(2) RRW

Initiators (3) RWC26

Sequence Locator Files (4) OPLEC26.FLD
^

Event Description (5) OPLEC is the operator action to pmvide makeup with an ECCS system in order to bring level back-up to where it
should be after the operators have isolated a break in the RWCU line.

Event Context (6) For the OPLEC (1) calculation (HEP 129), the iaitiator is a break in the RWCU line. The operators have detected
the loss of level and isolated RWCU before level 3 was reached (OPDHR1 succeeded). It was assumed that a level
4 alarm occurred within 4 minutes after the break. The decision and action to return level to normal must occur in
the same time period as the OPDHR1 operator event.

Applicable Procedures (7) No specific procedures, but with the hws of level, the operators would want to return level to the normal point for
LP&S conditions (approximately 36 inches from instrument zero, which is above level 4).
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Z :r:

E 5
8
8 Table G.2.129.2

$ Sequence Timing and Indications
%
w

EvenUOccurrence Time (T ) Annunciator / Indication Comments /
*

(of most interest) Operator (3) Sourte of
(1) Alerted Infbrmation

(2) (4)

Break in RWCU line has 4 minutes A level 4 alarm will sound within 4 minutes after the
been isolated and the break. It was assumed that the level 4 alarm occurred
operators nud to restore before the operators isolated RWCU. Since the operators
level. have recognized the. loss of level and isolated letdown, the

need to restore level should be apparent.

Table G.2.129.3
o Potential Operator Action
"a
. _

Description Number of Activities (Tasks) Comments /
of Event Abnonnal Events Required to Perform Source of Information

(1) (2) Action and Procedures (4)
(3)

Break in RWCU line which has One The operators need to Operators are aware of the need to

been isolated by the control room. " bump" level up with an ECCS maintain level at a assigned point

Operators need to restore level. system. LPCI is assumed to be the during LP&S.
system of choice.

_

--

A
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< Tcble G.2.129.4
Time Available to Diagnose and Perform the Task

Action Time by Which Time at Which Operator Maximum Time Available C u _ ~ .;s/

(1) Operator Must is Alerted that Symptom to Perfonn the Identified Source of Information
Act (T,) has Occuned (T,) Operator Activities (T,) (5)

(2) (3) (4)

The operators need to 27.3 minutes 4 minutes Approx. 23 minutes SEA Calculation C90-492-Ol- -

diagnose the need to A16
restore level. They
have imlated the
break.

Table G.2.129.5
~

Operator Action Performance Time

Activities Location Travel Perfonnance Total Action Comments /
(1) (2) Time (T ) Time (T) Time (T ) Sourte of Infonnation

' *

(3) (4) (5) (6)O
$j Isolation of RWCU must CR I minute I minute
" occur in the same time (see OPDHRI, HEP

period. Thus, the action 127)
time will be sub'.racted
from the total available
time.

Initiate LPCI or any CR - 2 minute 2 minute Note that travel and manipulation
ECCS system and restore (performance) times in the control room were
level. (1 minute determmed using ASEP Table

assumed to 8-1, Step Sb, and are groupal under the
decide which performance time column.
system to use
after diagnosing
the need, and I
minute to
carry-out the

y action.
m
@ Total Acti(m
3 time = 3

minutes.

E C
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Z Table G.2.129.6 :::

h Diagnosis Time for Operator Action $
m
O
8
W Action Maximum Time Total Action Time Available Comments!

h (1) Available (T,) Time (T,) to Diagnosas (T,) Source of
(2) (3) (4) Informationw

(5)

The operators need to 23 minutes 3 minute 20 minutes
diagnose the need to
restore level and initiate
LPCI or any ECCS
system.

Table G.2.129.7
Diagnosis Analysis

o Action Failure to Skill-Based Adjusted / Comments!

6 (1) Diagnose (3) Final IIEP Sourte of Infonnation
* (2) (4) (5)

Pestore level with Per ASEP Table 8-3, the Med. = 0.01 The site interviews indicated that (obviously)
ECCS after isolation median value from Figure 8-1 the operators are aware of the need for SDC
of break in RWCU for 20 minutes diagnosis time Mean = 0.027 during LP&S. They would also (obviously) be
line, was assigned. concerned about a dramatic loss of water level

and would want to restore level to the normal
place aRer a break had been isolated.

$
.-
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.g Toble G.2.129.8
,

{ Post-Diagnosis Action Type Identification per Step 10, Table 8-1 of ASEP HRAP

Action Safety Systems Failed EOPs, Training, Individual Dynamic or Commsents

(1) (2) Use EOPs Well Operator Must Step-by-Step Source of Infos ==eia=
Designed EOPs Perform Concurnnt (5) (6)

(3) Tasks
- (4)

Initiate N/A The necessary No Step-by-step. ,

LPCI actions would be
obvious. The operators

know how to
initiate LPCI.

_

,

Table G.2.129.9
Post-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP HRAP

i

B

Q
@ Action T < 2h Recire. Phase More Than Two Operator Stass Level Comments /

(1) AEerIE in Safety Systems Familiar (6) Sourte of Information"

(2) Large LOCA Fail W/ Sequence (7)
(3) (4) (5)

Initiate N/A' N/A No* N/A Moderately Several systems available

LPCI and High and substantial time before

bring core damage. Break is

vessel level isolated.

up to
LP&S .

!

normal.

' At least moderately high stress was assumed for all events.
For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an :_- ,&+ of2

z extremely high stress. Each human action event was examined as a function of the context.
C -
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'2: Teble G.2.129.10 :
$ TotalIEP $m

k Action Original Independent Total HEP EF CommeMs/
* (1) Operator IEP Check / Correction (4) (5) Sourre of
b GEP) HEP Infonnation
O (2)' QEP) (6)

(3)

1. Diagnosis - Med. = 0.01 - Med. Mean (10)
0.01 0.027

Mean = 0.027

2. Initiate LPCI and " bump * vessel Med. - 0.02 Credit for a second 0.004 0.01 [5_} Second check HEPs
level to normal. Mean = 0.032 check was taken because 0.014 0.037 (10) are multiplied by the

in this context the original HEP for
operators are aware of Total Median each action.
the loss oflevel and HEP = 0.014
when using a system Since all the HEPs
like LPCI, they would Total Mean HEP make significant
expect to see the level = 0.037 contributions to the

9 going up very soon. total HEP, the larger
y HEPs for failure to error factor was

providem second check assigned.
were:

Med. = .2

Mean = .323

#
.o.-
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g Tcble G.2.130.1
~ HEP 130 Calculation
u

Humen Action Event (1) OPLEC (2)

Event Tree (s)(2) RRW

Initiators (3) RWC74

Sequence Locator Files (4) OPLEC74.FLD
~

Event Description (5) OPLEC is the operator action to provide makeup with an ECCS system in order to bring level back-up to where it
should be after the operators have isolated a break in the RWCU line.

Event Context (6) For the OPLEC (2) calculation (HEP 130), the initiator is a break in the RWCO line. The optors have detected
the loss of level and isolated RWCU before level 3 was reached (OPDHR1 succeeded). It was assumed that a level
4 alarm occurred within 4 minutes after the break. The decision and action to return level to normal must occur in
the same time period as the OPDHR1 operator event. 'Ihis event is identical to OPLEC (1), HEP 129, except that
because of the size of the break, the time available to respond is less for HEP 130.

Applicable Procedures (7) No specific procedures, but with the loss of level, the operators would want to return level to the nornu. point for
Q LP&S conditions (approximately 36 inches from instrument zero, which is above level 4).
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8 Table G.2.130.2
y ba Timing and Indications
I
w

| EvenUOccurrace Time (T ) Annunciator / Indication Counments/*
! (of most interest) Operator (3) Source of

(1) Alerted Information
(2) (4)

Break in RWCU line has 4 minutes A level 4 alarm will sound within 4 minutes after the
! been isolated and the break. It was assumed that the level 4 alarm occurred

operators need to restore before the operators isolated RWCU. Since the operators
, level. have recognized the loss of level and isolated letdown, the
'

need to restore level should be apparent.

|
,

Table G.2.130.3
o Potential Operator Action
h
o

Description Number of Activities (Tasks) Canurmis/
of Event Abnormal Events Required to 1%rfonn Source of Information

(1) (2) Action and Procedures (4)
(3)

Break in RWCU line which has One The operators need to Operators are aware of the need to
been isolated by the control room. " bump" level up with an ECCS . maintain level at a assigned point
Operators need to restore level. system. LPCI is assumed to be the during LP&S.

,

system of choice.

<
S
.

- _ . ._ , - - . , . . ., , .. . . , _ , , _ . . -, , __ , , . _ . ,, -_ , .-. ,,,,-



__ - _

< Tchle G.2.130.4

{ Time Avcilable to Dugnose and 1%rform the Task

Action Time by Which Time at Which Operator Maximan Time Available Comments /
(1) Operator Must is Alerted that Symptom to 1%rform the Identified Source of Infor= adam

Act (T,) has Occurred (T,) Operator Activities (T,) (5) ;

(2) (3) (4) F

The operators need to 13.3 minutes 4 minutes Approx. 9 minutes - SEA Calculation C90492-01-
diagnose the need to A16
restore level. They
have isolated the t

break.

Table G.2.130.5
Operator Action 1%rformance Time !

Activities Location Travel 1%rformance Total Action Comments /
(1) (2) Time (T ) Time (T) Time (T ) Source of Information

' *9 (3) (4) (5) (6)
M

isolation of RWCU must CR 1 minute I minute i
~

occur in the same time (see OPDHR1, HEP >

period. Thus, the action 127)
time will be subtracted
from the total available
time.

Initiate LPCI or any CR - 2 minute 2 minute Note that travel and manipulation
ECCS system and restore (pJw v) times in the contml room were
level. (1 minute deteranned using ASEP Table

assumed to 8-1, Step Sb, and are grouped under the
decide which pJw __c.e time column.
system to use
after diagnosing
the need, and 1

,

minute to
carry-out the
action.

k Total Action
po time = 3
& minutes. %
E hm

- _ _ - - - - -_-_-_._ - _ _ ____
. - - - _ . - , , - - - - , . -_. - - - - _ . _ _ _ - - _
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Z Ttble G.2.130.6 :
E Diagnosis Time for Operator Action $
o
N
38 Action Maximum Time Total Action Time Available Commets/
h (1) Available (T,) Time (T,) to Diagnosis (T) Sourre of

(2) (3) (4) Infonnationw

(5)

He operators need to 9 minutes 3 minute 6 minutes
diagnose the need to
restore level and initiate
LPCI or any ECCS
system.

Table G.2.130.7
Diagnosis Analysis

o Action Failure to Skill-Based Adjusted / Comments /

h (1) Diagnose (3) Final IIEP Source of Information
N (2) (4) (5)

Restore level with Per ASEP Table 8-3, the Med. = 0.2 He site interviews indicated that (obviously)
ECCS after isolation median value from Figure 8-1 the operators are aware of the need for SDC
of break in RWCU for 6 minutes diagnosis time Mean = 0.53 during LP&S. They would also (obviously) be
line, was assigned. concerned about a dramatic loss of water level

and would want tc, restore level to the normal
place after a break had been isolated.
However,6 minutes is not much time and
they be attending to other concems, e.g., tlw
cause and nature of the break etc.

<
.E
.
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< Tchie G.2.130.8
. Pbst-Diagnosis Action Type Identification per Step 10, Table 8-1 of ASEP IIRAP

Action Safety Systems Failed EOPs, Training, Individual Dynamic or Comments
(1) (2) Use EOPs Well Operator Must Step-by-Step Soune of Infonnation

Designed EOPs Perfonn Concurrent (5) (6)
(3) Tash

(4)
__

initiate N/A The necessary No Step-by-step.
LPCI actions would be

{
obvious. The operators

know how to
initiate LPCI.

,= :=:r
_

Table G.2.130.9
Post-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP IIRAP

Q
6 Action T < 2h Recire. Phase More Than Two Operator Stress Level Comments /
O (1) AIter IE in Safety Syst:5ns Familiar (6) Source of Information

(2) Large LOCA Fail W/ Sequence (7)
(3) (4) (5)

2Initiate N/A' N/A No N/A Moderately Several systems available
LPCI and High and substantial time before
bring core damage. Break is
vessel level isolated.
up to
LP&S
normal.

* At least moderately high stress was assumed for all events.
2 For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of

2 extremely high stress. Each human action event was examined as a function of the context.
C
b
O
8
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Z Trble G.2.134.14 :z:

E Total HEP $
El
3 Action Original Independent Total HEP EF Communts/

' M (1) Operator HEP Check / Correction (4) (5) Sourte of
b (HEP ) HEP Infor==*ia= ;.
D (2)* (HEP ) (6)

(3)a
.

1. Diagnosis Mal. = 0.2 - Med. Mean (10) ,
'

0.2 0.53
Mean = 0.53

2. Initiate LPCI and " bump" vessel Med. = 0.02 Credit for a second 0,004 Qal .L1)_ Second check HEPs
level to normal. Mean = 0.032 check was taken because 0.204 0.54 (10) are unitiplied by the

|
! in this context the original HEP for

operators are aware of Total Median each actmn.
the loss oflevel and HEP = 0.204
when using a system The error factor from
like LPCI, they would Total Mean HEP the dominant HEP
expect to see the level = 0.54 was assigned.

{ going up very soon. ,
g HEPs for failure to

provide a second check
were:

,

1

( Med. = .2
,

| Mean = .323
.

!

<
b
.
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< Tr.ble G.2.131.1
E HEP 131 Calculation
a

Human Action Event (1) OPSDCI (1)

Event Tree (s)(2) RWCHI
,

|

| Initiators (3) RWC26, RWC74

Sequence Locator Files (4) OPSDCH26.FLD, OPSDCH74.FLD

Event Description (5) OPSDCI is the operator action to diagnose the need for unisolating and starting SDC and opemng an SRV if
necessary.

Event Context (6) For the OPSDCI (1) calculation (HEP 131), the initiator is a break in the RWCU line during a HYDRO test.
There is less than a minute before the vessel will drain down to level 2 and RWCU isolates (which also isolates the
break). It is assumed that the operators will fail to stop the drain down before level 2 is reached in the less than 1
minute time frame. HPCS should auto-start on level 2, and in this scenario it either succeeds or fails. If HPCS
successfully auto-starts and then auto-stops on level 8 (HPCAO), level will be restored and the operators will need
to unisolate and start some form of SDC. IF HPCS fails to auto-start, but the vyeisuns stccessfully bring level up-

with LPCI (OPLEC1 succeeds), then SDC will also be needed. Rus, in both of the two scenarios, level is

[ restored and OPSDCI is asked. OPSDCI is the operator action to diagnose the need for unisolating and startmg

g SDC and opemng an SRV if necessary. De operators may need to open an SRV if pressure is still high for the
use of SDC (SDC(B) or ADHR).

Applicable Procedures (7) ne use of SDC during shutdown is specified in shutdown procedures and other shutdowm related procedures,
e.g., in Refueling Integrated Operating Instruction, 03-1-01-5.
Alignment of SDC is covered in the RHR S01 (04-1-01-E12-1).
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g Table G.2.131.2
y Sequence Timing and Indications
I
w

Event / Occurrence Time (T ) Annunciator / indication Comments /*

(of most interest) Operator (3) Sour = of
(1)~ Alerted Infonuation

(2) (4)

Vessel level has been 0 1.evel 4, 3, & 2 alanns would sound as level dropped and
restored after a loss of the auto-start of HPCS would be indicated. Increasing level
level due to a break in would also be indicated and in the sequences where HPCS
the RWCU line. Initiate auto-isolates at level 8, additional alarms would occur. If
of SDC is needed. the operators are bringing level-up, they would obviously

be aware of the context. At this point the need for SDC
should be obvious and the operators would check pressure
levels and open an SRV if necessary.

O

h
c' Table G.2.131.3

i Potential Operator Action
.

| Description Number of Activities (Tasks) Comments /
| of Event Abnormal Events Required to Perform Soun:e of Infonnation

(1) (2) Action and Procedures (4)
(3)

Break in RWCU line during One The operators need to Operators are aware of the need
ilYDRO test, which has been align some normal means of SDC and procedures cover how to align
isolated by the control room. Level (SDC(B) or ADHR. SDC.
dropped, but at this point has been
restored. Operators need to initiate
SDC.

,

|

o
-

A
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< Trble G.2.131.4
Time Available to Diagnose and Perform the Task

Action Time by Which Time at Which Operator Maximum Time Available Comments /

(1) Operator Must is Alerted that Symptom to Perform Llw Identified Sourte of Information

Act (T) has Occurred (T,) Operator Activities (T,) (5)
(2) (3) (4)

The operators need to 37 minutes O Approx. 37 minutes SEA Calculation C90492-01-
diagnose the need (conservative estimate) A16
initiate SDC after
level has been
restored after a break
in the RWCU line.
Open one SRV if
necessary.

o Table G.2.131.5
Operator Action Perfonnance Time

Activitics Location Travel Perfonnance Total Action Comments /

(1) (2) Time (T,) Time (T) Time (T,) Source of Infonnation
(3) (4) (5) (6)

Initiate some normal CR - 5 minutes 5 minutes Note that travel and manipulation

means of SDC (SDC(B) (performance) times in the control room were
or ADHR) and open an determined using ASEP Table 8-1, Step 5b,

SRV if necessary. and are grouped under the performance time

Abgnment can be column.
accomplished from the
CR.

2
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Z Tchie G.2.131.6 :::
Diagnosis Time for Operator Action $

Q
Fi
* Action Maximum Time Total Action Time Available Comments /

h (1) Available (T,) Time (T,) to Diagnosis (T) Source of
(2) (3) (4) Informationw

,

| (5)
|

Diagnose need to initia'e 37 minutes 5 minute 32 minutes
some normal means of>

| SDC (SDC(B) or ADifR)
' and open an SRV if

|necessary. ;

i

Table G.2.131.7
Diagnosis Analysis

o Action Failure to Skill-Based Adjusted / Comments /
g (1) Diagnose (3) FinalIIEP Sourre of Information
= (2) (4) (5)

Level has been Per ASEP Table 8-3, the Med. = 0.001 The site interviews i_adic*e~i hat (obviously)t

restored after a median value from Figure 8-1 the operators are aware of the need for SDC
break in RWCU line for 32 minutes diagnosis time Mean = 0.0027 during LP&S.
during a HYDRO was assigned.
test Operators need
to start SDC.

o
.-

__



< Tchie G.2.131.8

{ Post-Diagnosis Action Type Identification per Step 10, Table 8-1 of ASEP HRAP

Action Safety Systems Failed EOPs, Training, Individual Dynamic or Comments
(1) (2) Use EOPs Well Operator Must Step-by-Step Source of Information

Designed EOPs Perfonn Concurrent (5) (6)
(3) Tub

(4) -

Initiate N/A The necessary No Step-by-step.
SDC and actions would be
open an obvious and they are
SRV if proceduralized,
necessary.

Table G.2.131.9
Post-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP HRAP

O
e
E Action T < 2h Recire. Phase More Than Two Operator Stress Level Comments /

(1) AfterIE in Safety Systems Familiar (6) Source of Information
(2) Large LOCA Fail W/ Sequence (7)

(3) (4) (5)

Initiate N/A' N/A No N/A Moderately Several systems available2

SDC and High and substantial time before
open an core damage. Break is
SRV if isolated.
necessary -

'
At least moderately high stress was assumed for all events.

2
For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of
extremely high stress. Each human action event was examined as a function of the context.
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Z Table G.2.131.10 :I:
E Total HEP $
8
n
g Action Original independent Total HEP EF Comments /
g (1) Operator HEP Check / Correction (4) (5) Source of

(HEP ) IIEP Informationw

(2)' (HEP,) (6)
(3)

1. Diagnosis Med. = 0.001 - Med. Mean (10)
0.001 0.0027

Mean = 0.0027

2. Open an SRV , if necessary, and Med. = 0.02 Credit for a second and 0.0008 0.0033 _(5)_ Second check HEPs
start SDC. Mean = 0.032 third check was taken 0.0018 0.006 (10) are multiplied by the

because in this context original HEP for
the operators would be Total Median HEP each action and the
closely monitoring the = 0.0018 third check HEP is
relevant parameters. multiplied by the
HEPs for failure to Total Mean HEP result.

9 provide a second and . = 0.006

$ third check were: Since all the HEPs
make significant

Med. = .2 contributions to the
total HEP, the larger

Mean = .323 error factor was
assigned.

;

i

l
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< Tchte G.3.132.1
E- HEP 132 Calculation
,

!

Human Action Event (1) OPLEC1 (1)

Event Tree (s) (2) RWCHI

Initiators (3) RWC26. RWC74

Sequence locator Files (4) OPLECH26.FLD, OPLECH74.FLD
-

Event Description (5) OPLEC1 is the operator action to provide makeup with an ECCS system in onler to bring level back up to where
it should be after break in the RWCU line has been isolated. ;

Event Context (6) For the OPLEC1 (1) calculation (HEP 132), the initiator is a break in the RWCU line dunng a HYDRO test. |
There is less than a minute before the vessel will drain down to level 2 and RWCU isolates (which also isolates the ;

break). It is assumed that the operators will fail to stop the drain down before level 2 is reached in the less than I l

minute time frame (OPDHR1 fails). HPCS should auto-start on level 2, but in this scenano it fails. Thus, the j

operators need to diagnose the need the bring level back up with LPCI. Dey may need to open an SRV if pressure |

is still high for the use of LPCI.

O Applicable Procedures (7) No specific procedures, but with the loss of level, the operators would want to return level to the normal point for
y LP&S conditions (approximately 36 inches from instrument zero, which is above level 4).

i
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M Table G.2.132.2
y % s Timing and Indications
%

! w
1

Event / Occurrence Time (T ) Annunciator /Indacation Conansents/ ,*

(of mest interest) Operator (3) Source of
,

; (1) Alerted Infonmation
'

(2) (4)
,

Break in RWCU line has 0 Vessel level would reach level 2 in less than a minute. I

been isolated, HPCS has Several level alarms would sound and the failure of HPCS
failed to auto-start, and to auto-start would also be alarmed. With the break
the operators need to isolated, the need to restore level should be apparent. i

restore level.i ,

Table G.2.132.3 j.

i o Potential Operator Action !

bw
Description Number of Activities (Tasks) Comments /

of Event Abnormal Events Required to Perform Source of Information
(I) (2) Action and Procedures (4) {

(3)

; Break in RWCU line which has One The operators need to Operators are aware of the need to
been isolated, but HPCS has failed restore level. LPCI is assumed to maintain level at an assigned point -
to auto-start. The operators need to be the system of choice. during LP&S.
restore level.

|

'
.

i
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g Tchie G.2.132.4
Time Available to Diagno<e and Perform the Task~~

u

Action Time by Which Time at Which Operator Maximum Time Available Comments /

(1) Operator Must is Alerted that Symptom to Perform the Identified Sourre of Information

Act (T,) has Occurred (T,) Operator Activities (T,) (5)

(2) (3) (4)

The operators need to 10 minutes O minutes Approx.10 minutes. His is a SEA Calculation C90-192-01-
diagnose the need to conservative estimate given that A16
restore level. He the event occurred during a

break has auto- HYDRO test which would come
isolated and HPCS late in the shutdown.
has failed to auto-
start.

Table G.2.132.5
o Operator Action Performance Time

M
w

Activities Location Travel Performance Total Action Comments /

(1) (2) Time (T,) Time (T) Time (T,) Source of Information
(3) (4) (5) (6)

Initiate LPCI and restore CR - 1 minute I minute Note that travel and manipulation

level. Open SRV if (performance) times in the control room were

necessary. determmed using ASEP Table 8-1, Step Sb,
and are grouped under the performance time
column.
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Z Tr.ble G.2.132.6 =
E Diagnosis Time 6. Operator Action $
$g - u.

* Action Maumum Time Total Action Time Available Comments /

h (I) Available (T,) Time (T,) to Diagnosis (T) Source of
(2) (3) (4) Informationw

(5)

The operators need to 10 minutes 1 minute 9 minutes
diagnose the need to
restore level and initiate
LPCI.

Table G.2.132.7
Diagnosis Analysis

Action Failure to Skill-Based Adjusted / Comments /
o (1) Diagnose (3) Final HEP Sourte of Information
@ (2) (4) (5)
a

Restore level with Per ASEP Table 8-3, the lower Med. = 0.015 The site interviews indicated that (obviously)
LPCI after isolation bound value from Figure 8-1 the operators are aware of the neal for SDC
of break in RWCU for 9 minutes diagnosis time Mean = 0.04 during LP&S. They would also (obviously) be
line and failure of was assigned. concerned about a dramatic loss of water level
HPCS to auto-start and would want to restore level to the normal
on level 2 signal. place after a break had been isolated,

particularly when a level 2 signal had
occurred and HPCS had failed to start. Hus,
the lower bound value wasjudged
appropriate.

:
l



< Tcble G.2.132.8
-E Post-Diagnosis Action Type Identification per Step 10, Table 8-1 of ASEP HRAP
=

Action Safety Systens EOPs, Training, Individual Dynamic or Conunents
(1) Failed Use EOPs Well Operator Must Step-by-Step Source of Infonnation

(2) Designed EOPs Perfonn Concurrent (5) (6)
(3) Teb

(4)

Initiate LPCI N/A He necessary No Step-by-step.
and open SRV actions would be
if necessary. obvious. He operators

know how to
initiate LPCI.

_

Table G.2.132.9
Post-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP IIRAP

O
e Action T <2h Recirt. Phase More Than Two Operator Statss Level Comments /
0 (1) After IE in Safety Systans Familiar (6) Sourre of Information

(2) Large LOCA Fail W/ Sequence (7)
(3) (4) (5)

Initiate N/A' N/A No N/A Moderately Several systems available2

LPCI and High and substantial time before
bring core damage. Break is
vessel level isolated.
up to
LP&S
normal.

' At least moderately high stress was assumed for all events.
2 For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of

2 extremely high stress. Each human action event was examined as a function of the context.
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< Table G.2.133.1
S IIEP 133 Calculation
a

Human Action Event (1) OPADH (1)

Event Tree (s)(2) TAB 39

Initiators (3) TAB 39

Sequence Description Files (4) OPADIO9.FLD

Event Description (5) OPADH includes diagnosing the need to perform the necessary steps to initiate ADHR for
SDC after a flood has resulted in the loss of all DIV 1,2, & 3 AC and DC power.

Event Context (6) For the OPADH (1) calculation (HEP 133), a flood has occurred and all DIV 1,2,3, AC
and DC power is lost. Offsite power is still available. The operators can provide SDC with
ADHR if they unisolate 1A (requires using air bottles to open AV 26 A & B), unisolate
PSW from the CR once 1A is restored (open F120 & F121), manually (locally) open MV 8
and 9 valves to unisolate SDC, and then start ADHR from the CR. He task must be
accomplished before pressure reaches 50 psi. Per calculation, 2 hours would be available
to diagnose the need and carry-out the actions.

I Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-02-III-1, Rev.15), loss of AC Power
" ONEP (05-1-02-I-4, Rev. 20)
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! Z. Tcbie G.2.133.2 :C

h Seny- Timing and Indications 5
O
F5

g Event / Occurrence Time (T,) Annunciator / Indication Cama = nest
g (of most interest) Operator (3) Source of
"

(1) Alerted Inforunneian
(2) (4)

1
i IDHR. Need for some O Loss of power and systems would be alarmed. Iii the
'

form of SDC. With only context of being in shutdown the operators would be aware
BOP power available, of the need for some form of SDC. Through traimag the
ADHR is the only crew will be aware that ADHR will be the only available

| available system. SDC system. h operators will have to diagnose the
necessary actions.

Table G.2.133.3
'

Potential Operator Action

O
g Description Number of Activities (Tasks) Comments /

of Event Abnormal Events Required to Perform Source of Infoe==neia i
=

(1) (2) Action and Procedures (4)
(3)

| With the loss of all DIV I,2,3 One 1. Unisolate IA. Would require the ~Ihe activities required to align
| AC and DC power (from the operators to use air (nitrogen) ADHR in this context are not .

effects of flooding), normal SDC bottles to manually unisolate AV 26 explicitly called by the procedure.
would be lost. ADHR in on BOP A & B. However, given the loss of power
power and offsite power is dunng shutdown (which would not
available. The operators need to 2. Unisolate PSW by openmg F120 be missed), the operators would be
diagnose the need to take the steps and F121 from the CR (BOP). " Ibis likely to realize the need for SDC.
necessary to align ADHR for would provide cooling to TBCW, 'Ihey would be aware that ADHR;

I SDC. which cools the IA compressors. is BOP and would try to deterame
the actions hy to achieve

3. Unisolate SDC and make ADHR the goal. h diagnosis and related
available by manually (locally) actions would clearly be within a
opemng MV 8 and 9 valves. Start normal crew's capabilities.
ADHR.

|
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< Tchte G.2.132.8
E Post-Diagnosis Action Type Identification per Step 10, Table 8-1 of ASEP HRAP
r

Action Safety Systems EOPs, Training, Individual Dynamic or Cornments ,

(1) Failed Use EOPs Well Operator Must Step-by-Step Sourre of Infonnation
(2) Designed EOPs Perform Concurrent (5) (6) ,

(3) Tasks
(4)

Initiate LPCI N/A The necessary No Step-by-step.
ard open SRV actions would be '

if necessary. obvious. The operators
know how to
initiate LPCI.

-

Table G.2.132.9
Post-Diagnosis Stress-Level Identification per Step 10, Table 8-1 of ASEP HRAP

Q
& Action T <2h Recirt. Phase More Than Two Operator Striss Level Comments /
S (1) AIter IE in Safety Systems Familiar (6) Sourte of Information .

(2) Large LOCA Fail W/ Sequence (7)
(3) (4) (5)

2Initiate N/A' N/A No N/A Moderately Several systems available
LPCI and High and substantial time before
bring core damage. Break is
vessel level isolated.
up to
LP&S
normal.

* At least moderately high stress was assumed for all events.
2 For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of

.g extremely high stress. Each human action event was examined as a function of the context.
C

O
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b
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Z Tchte G.2.132.10 :::
E Total HEP @
$
3 Action Original Independent Total IEP EF Comments /

{ (1) Operator IEP Check / Correction (4) (5) Source of
g (IEP ) HEP Information
w

(2) (IEP ) (6)
(3)

1. Diagnosis Med. = 0.015 - Med. Mean (10)
9.015 0.M

Mean =- 0.M

2. Initiate LPCI and " bump" vessel Med. = 0.02 Credit for a second 0.0 M 0.01 .f5)_ Second check HEPs
level to normal. Open SRV if Mean = 0.032 check was taken because 0.019 0.05 (10) are multiplied by the
necessary. isthis context the original HEP for

operators are aware of Total Median each action.
the loss of level and HEP = 0.019
when using a system Since all the HEPs
like LPCI, they would Total Mean HEP make significant
expect to see the level = 0.05 contributions to the

[ going up very soon. total HEP, the larger
g HEPs for failure to error factor was

provide a second check assigned.
were:

Med. = .2

Mean = .323

<
o
--
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Table G.2.133.1y
P llEP 133 Calculation
u

,

Human Action Event (1) OPADH (1)

Event Tree (s) (2) TAB 39

Initiators (3) TAB 39

Sequence Description Files (4) OPADH'39.FLD

Event Description (5) OPADH includes diagnosing the need to perform the necessary steps to initiate ADHR for
SDC after a flood has resulted in the loss of all DIV 1,2, & 3 AC and DC power.

Event Context (6) For the OPADH (1) calculation (HEP 133), a flood has occurred and all DIV 1,2, 3 AC
and DC power is lost. Offsite power is still available. He operators can provide SDC with
ADHR if they unisolate IA (requires using air bottles to open AV 26 A & B), unisolate
PSW from the CR once I A is restored (open F120 & F121), manually (locally) open MV 8
and 9 valves to unisolate SDC, and then start ADHR from the CR. He task must be
accomplished before pressure reaches 50 psi. Per calculation, 2 hours would be available
to diagnose the need and carry-out the actions.

4 Applicable Procedures (7) Inadequate Decay Heat Removal ONEP (05-1-02-111-1, Rev.15), Loss of AC Power
" ONEP (05-1-02-I-4, Rev. 20)

.

C
h
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Z Tchte G 2.133.2 =
| h Sequence Timing and Indications $

Q
f5
y Event /Owm.uw Time (T,) Annunciator / Indication Comments /

(of most interest) Operator (3) Sourte of-

'd
(1) Alerted Information

(2) (4)

IDHR. Need for some O Ioss of power and systems would be alarmed. Ih the
form of SDC. With only context of being in shutdown the operators wotdd be aware
BOP power available, of the nmi for some form of SDC. Through trammg the
ADHR is the only crew will be aware that ADHR will be the only available
available system. SDC system. The operators will have to diagnose the

necessary actions.

Table G.2.133.3
lbtential Operator Action

o F
i

g Description Number of Activities (Tasks) Comments /
| of Event Abnormal Events Required to Perform Sourte of Infonnation=

| (1) (2) Action and Procedures (4)
( (3)

With the loss of all DIV 1,2,3, One 1. Unisolate IA. Would require the h activities required to align
| AC and DC power (from the operators to use air (nitsugen) ADHR in this context are not
| effects of flooding), normal SDC bottles to manually unisolate AV 26 explicitly called by the procedure.
! would be lost. ADHR in on BOP A & B. However, given the loss of power
I

power and offsite power is during shutdown (which would not
available. The operators need to 2. Unisolate PSW by opening F120 be missed), the operators would be
diagnose the need to take the steps and F121 from the CR (BOP). This likely to realize the need for SDC.
necessary to align ADHR for would provide cooling to TBCW, 'Ibey would be aware that ADHR

| SDC. which cools the IA compressors. is BOP and would try to determme
!

the actions necessary to achieve
3. Unisolate SDC and make ADHR the goal. b diagnosis and related
available by manually (locally) actiom would clearly be within a

, opemng MV 8 and 9 valves. Start normal crew's capabilities.
! ADHR.

$
-

,

l A

i
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g Tchte G.2.133.4
Time Available to Diagnose and Perform the Task~

a

Action Time by Which Time at Which Operator Maximwn Time Available Comments /

(1) Operator Must is Alerted that Symptom to Perform the Identified Source of Infonnation

Act (T) has Occurred (T,) Operator Activitia (T,) (5)

(2) 0) (4)

Align ADHR for SDC 2 hours Approx.10 minutes after loss 110 minutes SEA Calculation (per SNL

after a loss of all DIV of power. De operators would request on July 21,1993.
1,2,3, AC and DC know immediately of the loss
power. BOP is of power. However, it was
available. assumed that the operators

would initially be concemed
with trying to restore power
d ilmt 0.ey would not
immediately attend to other
indicators. While the selection
of 10 minutes is arbitrary, it is

[ assumed that the crew would

3 concern themselves with the
loss of SDC fairly soon.

Z
C
h
O
8
|x:3
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Z Tehle G.2.133.5 %
E Operator Action Perfonnance Time hm
9
n
:o Activities location Travel Perfonnance Total Action Comments /
b (1) (2) Time (T ) Time (T) Time (T ) Source of Infonnation
D (3) (4) (5) (6)

*

,

l. Unisolate IA. Would require the AV 26A is in - I hour (estimate Ibour Time estimate is based PRA analysts
operators to use air (nitrogen) Aux. Bldg. includes travel familiarity with plant and the nature
bottles to manually unisolate AV 26 AV 26B is in and performance of the required actions.
A & B. Turbine Bldg. time.

2. Unisolate PSW. Open PSW CR - 2 minutes 2 minute Per Table 8-1, Step 5b, a 1 min.
valves F120 and F121 from the travel and manipulation time was
control room. May need to start assumed for each set of actions). The
PSW from CR. steps necessary to unisolate and start

PSW were assumed to be completely
dependent.

3. Manually (locally) open RHR One valve is in - 30 minutes 30 minutes Operators may need to suit-up tog
L MV 8 and 9 to unisolate SDC and the drywell and Approx. 90 carry-out the necessary actions.
8 allow use of ADHR. Start ADHR the other in minutes total However, much of the task could be

from the CR. containment. action time. carried-out in parallel with
unisolating IA. Thus, 30 minutes is a
conservative estimate.

,

--

k
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< Tchte G.2.133.6
Diagresis Time for Operator Action

Action Maximum Time Total Action Time Available Comments /
(1) Available (T,) Time (T,) to Diagnosis (T,) Source of

(2) (3) (4) Information
(5)

_

Diagnose need to align 110 minutes 90 minutes 20 minutes
ADHR for SDC after a
loss of all DIV 1,2,3. AC
and DC power. BOP is
available.

Table G.2.133.7
Diagnosis Analysis

o Action Failure to Skill-Based Adjusted / Comments /

h (1) Diagnose (3) Final IIEP Source of Information
(2) (4) (5)

~

Diagnose need to Per Table 8-3, the upper bound Median = 0.1 The upper bound value from Figure 8-1 was
align ADHR for value from Figure 8-1 for 20 selected because the necessary steps are not
SDC after a loss of minutes diagnosis time was Mean = 0.27 explicitly proceduralized and the pattern of
all DIV 1,2,3, AC assigned, actions are probably not explicitly trained.
and DC power. However, such diagnosis and actions were
BOP is available. judged to be within the capabilities of a
Operators must normal crew.
diagnose the need
and identify the
steps necessary to
unisolate IA, PSW,
and SDC, and start2

C ADHR.
Eo
N
||c
6 |I:

b h
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,

it Table G.2.133.8 ::
Post-Diagnosis Action Type Identification per Step 19, Table 8-1 of ASEP HRAP $

Q
R
28 Action Safety Systems Failed EOPs, Training, Individual Dynamic or Comuments

.

( (1) (2) Use EOPs Weil Operator Must Step-by-Step Source of Infor-meiami

Designed EOPs Perfonn Concurrent (5) (6)
w

(3) Tasks
(4)

Align N/A The necessary No Step-by-Step
ADHR for actions are not
SDC after a complicated given a
loss of all successful diagnosis
DIV 1,2, and determmation of
3, AC and how to proceed.
DC power.

i

Table G.2.133.9
'

o Post-Diagnosis Stress-Imel Identification per Step 10, Table 8-1 of ASEP HRAP

bo
Action T < 2h Recire. Phase More Than Two Operator Stress Imel Comuments/,

(1) After IE in Safety Systems Familiar (6) Source of Information
(2) Large LOCA Fail W/ Sequence (7)

(3) (4) (5)

Align . N/A' N/A No N/A Moderately Substantial time before core
2

: ADHR for High damage and vessellevelis
SDC after not low,

a loss of all
DIV 1,2,
3 AC and
DC power.

'
i At least moderately high stress was assumed for all events. -

2
For the LPS environment (usually long-term sequences) a failure of more than two safety systems did not necessarily lead to an assumption of
extremely high stress. Each human action event was exammed as a function of the context.;

$i

.-

i

- , - - . - , , - c.~- v .v. - y , - - . - , , - ~ ._ n..-~~ , , -



I

< TcNe G.2.133.18
9- Total HEP
u

i

Action Original Independent Total HEP EF CM
(1) Operator HEP Check /Cometion (4) (5) Source ofInfonnation

(HEP ) HEP (6)
(2)' (HEP,)

(3)

1. Diagnosis Med. = 0.1 - Med. Mean (10)
O.1 0.27

Mean = 0.27

2. Unisolate IA Median = 0.02 Credit for a second check was not 0.02 0.032 (5)
Mean = 0.032 given for any of the actions because

of the tinv limitations and the several
separate actions required outside the4

CR.

o 3. Unisolate PSW Malian = 0.02 0.02 0.032 (5)
h Mean = 0.032
w

4. Unisolate SDC and Median = 0.02 0.02 0.032 f)_ Since both the diagnosis acd
start ADHR Mean = 0.032 0.16 0.367 (10) action HEPs made

significant contributions to
Total Median the total HEP, the larger of
HEP = 0.16 the two EFs was aangned.

Total Mean HEP
= 0.367

Z
C
ho
N
20
& 3:
b h
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Table G.3.1

PRE-ACCIDENT HUMAN ACTIONS AND THEIR MEAN HEPs

Primary Name Mean Event
Probability Description

ADR-XHE-RE-XV410 3.000E-002 FAILURE TO RESTORE M ANUAL VALVE XV410 OPEN

CRD-XHE-RE-X2178 8.000E-003 OPERATOR FAILS TO RESTORE XV217B FOLLOWING
MAINTENANCE

CSS-MOV-RE-MV28A 8.000E-003 FAILURE TO RESTORE CSS TRAIN A INJECTION VALVE AFTER
MAINTENANCE

CSS-MOV-RE-MV28B 8.000E-003 FAILURE TO RESTORE CSS TRAIN B INJECTION VALVE AFTER
MAINTENANCE

ESF-CCF-MC-697/8 6.750E-005 COMMON MODE MISCALIBRATION OF RX PRESS SENSORS
PS-N697/698

ESF-CCF-M C-CSTLV 6.750E-005 COMMON MODE MISCALIBRATION OF CST LEVEL
INSTRUMENTS

ESF-CCF-MC-DPRES 6.750E-005 MISCALIBRATION OF DRYWELL PRESSURE SENSORS 94

ESF-CCF-MC-LTO91 2.700E-004 COMMON MODE MISCALIBRATION OF REACTOR LEVEL
SENSORS /TRANSM.

ESF-CCF-M C-N674 2.700E-004 COMMON MODE MISCALIBRATION OF LEVEL LS-N674C/L

ESF-CCF-M C-N679 2.700E-004 COMMON MODE FAILURE OF REACTOR PRESSURE SWITCHES
N679A/B/C/D

ESF-CCF-MC-N680 2.700E-004 COMMON MODE MISCALIBRATION OF LEVEL 3 SENSORS
N680A/B/C/D

ESF-CCF-MC-N681 2.700E-004 COMMON MODE MISCAllBRATION OF LEVEL 1 LIS-N681-
A/B/C/D

ESF-CCF-MC-PT662 2.700E-004 COMMON MODE MISCAllBRATION OF CONTAINMENT
PRESSURE SENSORS

ESF-CCF-MC-PT694 2.700E-004 MISCALIBRATION OF DRYWELL PRESSURE SENSORS 694

ESF-CCF-MC-VSLVL 6.750E-005 COMMON MODE MISCALIBRATION OF REACTOR LEVEL
SENSORS /TRANSM.

HCS-XHE-RE-HPCS 5.500E-004 FAILURE TO RESTORE HPCS AFTER MAINTENANCE

lAS-MDC-RE-COOlB 1.000E + 000 FAILURE TO PROPERLY RESTORE STANDBY IA COMPR.AFTER
| MAINT.

IAS-XHE-MC-PS 1.000E + 000 MISCALIBRATION OF PRESSOR SENSOR FOR STANDBY IA
' COMPRESSOR

LCI-MOV-RE-MV4A 8.000E-003 MV4A MOTOR-OPERATED VALVE PS-131 IS LEFT CLOSED DUE
TO TEST

LCI-MOV-RE-MV4B 8.000E-003 PS-128 MOV MV4B LEFT CLOSED BECAUSE OF TESTING

NUREG/CR-6143 G-404 Vol. 4
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HRA
Table G.3.1

PRE-ACCIDENT HUMAN ACTIONS AND TilEIR MEAN HEPs

Primary Name Mean Event |
Probability Description !

LCI-MOV-RE-MV4C 8.000E-003 MV4C (PS-124)IS LEFT CLOSED AFTER TEST

LCI-XH E-RE-LCIC 5.500E-004 FAILURE TO RESTORE LPCI TRAIN C AFTER MAINTENANCE j

RH R-XHE-RE-HXA 1.000E-004 FAILURE TO RESTORE RHR A HEAT EXCHANGER COMP.
AFTER M AINTENANCE

|

RHR-XHE-RE-HXB 1.000E-0G4 FAILURE TO RESTORE RHR B HEAT EXCHANGER COMP.
AFTER M AINTENANCE

RHR-XHE-RE-RHRA 9.000E6 FAILURE TO RESTORE RHR TRAIN A AFTER MAINTENANCE

RHR XHE-RE-RHRB 9.000E-004 FAILURE TO RESTORE RHR TRAIN B AFTER MAINTENANCE

SAS-M DC-RE-COOlB 1.000E + 000 FAILURE OF THE OPERATOR TO RESTORE MDC COOlB AFTER
MAINTENANCE

SPM-XHE-RE-M603A 8.000E-003 MODE SELECTOR SWITCH HS-M603A NOT IN AUTO

SPM-XIiE-RE-M603B 8.000E-003 MODE SELECTOR SWITCH HS-M603B NOT IN AUTO )
|

SSW-XHE-RE-SSWA 2.500E-004 FAILURE TO RESTORE SSW TRAIN A AFTER MAINTENANCE |

SSW-XilE-RE-SSWB 2.500E-004 FAILURE TO RESTORE SSW TRAIN B AFTER MAINTENANCE

SSW-XHE-RE-SSWC 3.700E-004 FAILURE TO RESTORE SSW TRAIN C AFTER MAINTENANCE

SSW-XHE-RE-TABI 1.000E-003 FAILURE TO RESTORE SSW TRAIN A AFTER MAINTENANCE
(TAB 1)

SSW-XHE-RE-TAB 2 1.800E-003 FAILURE TO RESTORE SSW TRAIN A AFTER MAINTENANCE
(TAB 2)

SSW-XHE-RE-TAB 3 1.500E-003 FAILURE TO RESTORE SSW TRAIN B AFTER MAINTENANCE
(TAB 3)

SSW-XHE-RE-TAB 4 1.800E-003 FAILURE TO RESTORE SSW TRAIN B AFTER MAINTENANCE
(TAB 4)

Vol. 4 G-405 NUREG/CR-6143
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TABLE G.4.1

TIAF16, TIAF40, and TIAF93 HEP / Sequence Cross References

Operator HEP Sequence

Actions Calculation Number Locator File Name

LC-LP HEP 23 OPLCR31.TIA

LCHPC HEP 23 OPLCR31.TIA

LCMK HEP 85 OPDHRHYD.TIA

OPISV HEP 5 OPFLD.TIA

OPISV HEP 5 OPFLD2.TIA

OPISV HEP 5 OPFLDHY2.TIA
~

OPISV HEP 7 OPCSDCl2.TIA

OPISV HEP 7 OPECSDC3.TIA

OPISV HEP 7 OPECSDC9.TIA

OP1SV HEP 7 OPECSHY2.TIA

OPISV HEP 11 OPCSDCll.TIA

OPISV HEP 15 OPCADH20.TIA

OPISV HEP 51 OPECSHYD.TIA

OPISV HEP 51 OPECSLEA.TIA

OPISV HEP 106 OPCSDC10.TIA

OPISV HEP 106 OPCSEL32.TIA

OPISV HEP 106 OPECSDC6.TIA

OPISV HEP 106 OPECSLP8.TIA

OPCMT HEP 73 OPICTFC.TIA

OPDHR HEP 3 OPDHR.TIA

OPDHR HEP 58 OPDHRHYD.TIA

OPECS HEP 6 OPCSDCl2.TIA

OPECS HEP 6 OPECSDC5.TIA

OPECS HEP 6 OPECSDC9.TIA

OPECS HEP 6 OPECSHY2.TIA

OPECS HEP 10 OPCSDCI1.TIA

OPECS HEP 13 OPCADH21.TIA

OPECS HEP 14 OPCADH20.TIA

OPECS HEP 18 OPCSDC10.TIA

OPECS HEP 18 OPCSEL32.TIA

NUREGICR4143 G-406 Vol. 4
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TABLE G.4.1

TIAF16, TIA F40, and TIAf73 IIEP/ Sequence Cross References (Continued)

Operator ILEP Sequence
Actions Calculation Number Locator File Name

OPECS HEP 18 OPECSDC6.TIA

OPECS HEP 18 OPECSLP8.TIA

OPECS HEP 50 OPECSHYD.TIA

OPECS HEP 50 OPECSLEA.TIA

OPECS HEP 101 OPCADH14.TIA

OPECS HEP 101 OPCSDCl3.TIA

OPECS HEP 102 OPCADH26.TIA

OPFLD HEP 28 OPFLD.TIA

OPFLD HEP 28 OPFLD2.TIA

OPFLD HEP 28 OPFLDilY2.TIA

OPFLD HEP 28 OPFLDP.TIA

OPFLD HEP 33 OPFLDTIA.FI.D

OPillS HEP 8 OPCADH20.TIA

OPHIS HEP 8 OPCSDC10.TIA

OPillS HEP 8 OPCSDCl1.TIA

OPHIS IIEP 8 OPCSDCl2.TIA

OPHIS HEP 8 OPCSEL32.TIA

OPHIS IIEP 8 OPECSDC5.TIA

OPHIS HEP 8 OPECSDC6.TIA

OPHIS HEP 8 OPECSDC9.TIA

OPIIIS HEP 8 OPECSHY2.TIA

OPillS HEP 8 OPECSHYD.TIA

OPHIS HEP 8 OPECSLEA.TIA

OPHIS HEP 8 OPECSLP8.TIA

OPICT HEP 71 OPICT.TIA

OPICT HEP 71 OPICTEC2.TIA

OPICT HEP 71 OPICTECP.TIA

OPICT HEP 71 OPICTFC.TIA

OPICT HEP 71 OPICTHYD.TIA

OPIS HEP 41 OPSTH.TIA

Vol. 4 G-407 NUREG/CR-6143
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TABLE G.4.1
TIAF16, TIAF40, and TIAI33 IIEP/ Sequence Cross References (Continued)

Operator HEP Sequence

Actions Calculation Number Locator File Name

OPIS HEP 41 OPSTH2.TIA

OPIS HEP 41 OPSTH3.TIA

OPIS HEP 41 OPSTH4.TIA

OPIS IIEP 41 OPSTH5.TIA

OPIS HEP 57 OPSTilCFF.TIA

OPIS, HEP $7 OPSTilFNC.TIA

OPIS HEP 57 OPSTHOF.TIA

OPIS HEP 57 OPSTHSRV.TIA

OPISA HEP 81 OPCADH20.TIA
'

OPISA HEP 81 OPECSLEA.TIA

OPLEC llEP 23 OPLCR31.TIA

OPMSV HEP 9 OPCADH20.TIA
'

OPMSV HEP 9 OPCSDC10.TIA

OPMSV HEP 9 OPCSDCll.TIA

OPMSV HEP 9 OPCSDCl2.TIA

OPMSV llEP 9 OPCSEL32.TIA

OPMSV HEP 9 OPECSDC5.TIA

OPMSV HEP 9 OPECSDC6.TIA

OPMSV HEP 9 OPECSDC9.TIA

OPMSV HEP 9 OPECSHY2.TIA

OPMSV HEP 9 OPECSHYD.TIA

OPMSV HEP 9 OPECSLEA.TIA

OPMSV HEP 9 OPECSLP8.TIA

OPMSV HEP 34 OPFLD.TIA

OPMSV HEP 34 OPFLD2.TIA

OPMSV HEP 82 OPSTMFD2.TIA

OPOMS HEP 82 OPSTMFD3.TIA

OPOMS HEP 82 OPSTMFS2.TIA

OPOMS HEP 82 OPSTMMK2.TIA

OPOMS IIEP 82 OPSTMMKU.TIA

NUREG/CR-6143 G-408 Vol. 4
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TABLE G.4.1 |

TIAF16, TIAF40, and TIAF93 HEP / Sequence Cross References (Continued)

Operator IIEP Sequence
Actions Calculation Number Locator File Name

OPOMS HEP 82 OPSTMNFS.TIA

OPOMS HEP 82 OPSTMOF.TIA

OPOMS HEP 82 OPSTMSRV.TIA

OPOMS HEP 82 OPSTMSV2.TIA
'

OPOMS HEP 82 OPSTMYD2.TIA
i

OPSDC HEP 1 OPSDCSDC.TIA !

|OPSDC HEP 2 OPSDCADH.TIA

OPSDC HEP 20 OPXTIE.TIA

OPSOF HEP 12 OPCSDCll.TIA

OPSOF HEP 30 OPSOF.TIA

OPSOF HEP 30 OPSOF2.TIA

OPSOF HEP 30 OPSOF9.TIA

OPSPM IIEP 26 OPICT.TIA

OPSPM HEP 26 OPICTEC2.TIA

OPSPM HEP 26 OPICTECP.TIA

OPSPM HEP 26 OPICTHYD.TIA

OPSTH HEP 42 OPSTH.TIA

OPSTH HEP 42 OPSTH2.TIA

OPSTH HEP 42 OPSTH4.TIA

OPSTH HEP 42 OPSTHS.TIA

OPSTH HEP 42 OPSTHCFF.TIA

OPSTH HEP 42 OPSTHFNC.TIA

OPSTH HEP 42 OPSTHOF.TIA

OPSTH HEP 42 OPSTHSRV.TIA

OPSTH HEP 55 OPSTH3.TIA

OPSTM HEP 29 OPSTMFD2.TIA

OPSTM HEP 29 OPSTMFD3.TIA

OPSTM HEP 29 OPSTMFS2.TIA

OPSTM HEP 29 OPSTMMK2.TIA

OPSTM HEP 29 OPSTMMKU.TIA

!
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TABLE G.4.1

TIAF16, TIAF40, and TIAF93 IIEP/ Sequence Cross References (Continued)

Operator IIEP Sequer.ce
Actions Calculation Number Locator File Name,

OPSTM HEP 29 OPSTMNFS.TIA

OPSTM HEP 29 OPSTMOF.TIA

OPSTM HEP 29 OPSTMSRV.TIA

OPSTM HEP 29 OPSTMSV2.TIA

OPSTM HEP 2.9 OPSTMYD2.TIA

OPSTM HEP 49 OPSTE51.TIA

OPSTM HEP 49 OPSTE51P.TIA

OPSTM llEP 49 OPSTE81.TIA

OPSTM HEP 49 OPSTE812.TIA

OPSTM HEP 49 OPSTMYD.TIA

OPVNT HEP 25 OPICT.TIA

OPVNT HEP 25 OPICTEC2.TIA

OPVNT HEP 25 OPICTECP.TIA

OPVNT HEP 25 OPICTFC.TIA

OPVNT HEP 25 OPICTHYD.TIA

SDCUI IIEP 52 SDCUI.TIA

SPMKN HEP 27 SPMUNECN.TIA

SPMKP HEP 27 OPICT.TIA

SPMKP HEP 27 OPICTEC2.TIA

SPMKP HEP 27 OPICTECP.TIA

SPMKP HEP 27 OPICTHYD.TIA

SPMUN HEP 26 SPMUNECN.TIA

XTIEB HEP 19 OPXTIE.TIA

i

|
|
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TABLE G.4.2

T5AF19 HEP / Sequence Cross References

Operator HEP Sequence !

Actions Calculation Number Locator File Name
;

OPISV HEP 11 OPECSHPR.T5A

OPISV HEP 105 OPECS3.T5A

OPISV HEP 106 OPECS4.T5A

OPECS HEP 10 OPECSHPR.T5A

OPECS HEP 16 OPECS3.T5A

OPECS HEP 18 OPECS4.T5A :

|
OPFLD HEP 33 OPFLD.TSA

OPHIS HEP 8 OPECS3.T5A

OPHIS HEP 8 OPECS4.T5A

OPHIS HEP 8 OPECSHPR.T5A

OPICT HEP 71 OPICT.T5A

OPIS HEP 41 OPSTH.T5A

OPIS HEP 57 OPSTHCFF.T5A

OPIS HEP 57 OPSTHFNC.T5A

OPIS HEP 57 OPSTHOF.T5A

OPIS HEP 57 OPSTHSRV.T5A

OPIS HEP 57 OPSTHT5A.FLD

OPMSV HEP 9 OPECS3.T5A

OPMSV HEP 9 OPECS4.T5A

OPMSV HEP 9 OPECSilPR.T5A

OPOMS HEP 82 OPSTMM KU.T5A

OPOMS HEP 82 OPSTMNFD.TSA

OPOMS HEP 82 OPSTMOFP.T5A

OPOMS HEP 82 OPSTMSRV.T5A

OPSDC HEP 1 OPSDC.T5A

OPSOF HEP 12 OPECSHPR.T5A

OPSOF HEP 30 ' OPSOF.T5A

OPSPM HEP 26 OPICT.TSA
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TABLE G.4.2

T5AF19 HEP / Sequence Cross References (Continued)

Operator HEP Sequence
Actions Calculation Number Locator File Name

OPSTH HEP 42 OPSTH.T5A

OPSTH HEP 42 OPSTHCFF.T5A

OPSTH HEP 42 OPSTHFNC.T5A

OPSTH HEP 42 OPSTHOF.T5A

OPSTH HEP 42 OPSTHSRV.T5A

OPSTM HEP 29 OPSTMMKU.T5A

OPSTM llEP 29 OPSTMNFD.T5A

OPSTM HEP 29 OPSTMOF.T5A

OPSTM HEP 29 OPSTMSRV.T5A

OPSTM HEP 49 OPSTE51.T5A

OPSTM HEP 49 OPSTE52.T5A

OPVNT HEP 25 OPICT.T5A

SPMKN HEP 27 SPMUN.T5A

SPMKN HEP 27 SPMUNECN.T5A

! SPMKP HEP 27 OPICT.T5A
|

| SPMUN HEP 26 SPMUN.T5A

SPMUN HEP 26 SPMUNECN.T5A

|

|

|-

|
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Table G.4.3

J2F48 HEP / Sequence Cross Refererwe 1

Operator HEP Sequence I

Actions Calculation Nnnber Locator File Name

OPISV HEP 107 OPECS.J2

OPECS HEP 61 OPECS.J2

OPHIS HEP 8 OPECS.12

OPICT HEP 71 OPICTE.J2

OPICT HEP 71 OPICTE2.J2

OPIS HEP 57 OPSTHOSV.J2

OPIS HEP $7 OPSTHST3.J2

OPIS HEP 57 OPSTHST4.J2

OPMSV HEP 9 OPECS.J2

OPOMS HEP 82 OPOSTMSRV.J2

OPSOF HEP 30 OPSTilOSV.J2

OPSPM HEP 26 OPICTE.J2

OPSPM HEP 26 OPICTE2.J2

OPSTII HEP 42 OPSTH.J2

OPSTil HEP 42 OPSTHOSV.J2

OPSTH HEP 42 OPSTIIST3.J2

OPSTH HEP 42 OPSTHST4.J2

OPSTM HEP 29 OPSTMSRV.J2

OPSTM HEP 49 OPSTE51.J2

OPSTM HEP 49 OPSTE512.32

OPVNT HEP 25 OPICTE.12

OPVNT HEP 25 OPICTE2.J2

SPMKP HEP 27 OPICTE.12

SPMKP HEP 27 OPICTE2.J2
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Table G.4.4

E2DI13 HEP / Sequence Cross Reference

Operator HEP Sequence
Actions Calculation Number Locator File Name

LCMK HEP 85 OPDHR.E2D

LCMK HEP 85 OPDHRP.E2D

OPlSV HEP 7 OPECSRTE.E2D

OPISV HEP 40 OPECSALB.E2D

OPISV HEP 105 OPECSADH.E2D

OPDHR HEP 3 OPDHRP.E2D
2

OPDHR HEP 35 OPDHR.E2D

OPECS HEP 6 OPECSRTE.E2D

OPECS HEP 13 OPECSA07.E2D

OPECS IIEP 16 OPECSADH.E2D

OPECS HEP 39 OPECSALB.E2D

OPFLD HEP 28 OPFLDE.E2D

OPFLD HEP 28 OPFLDE2.E2D

OPHIS HEP 8 OPECSADH.E2D

OPillS HEP 8 OPECSALB.E2D

OPHIS HEP 8 OPECSRTE.E2D

OPICT HEP 71 OPICT.E2D

OPICT HEP 71 OPICT2.E2D

OPIS HEP 41 OPSTHSTM.E2D

OPISA HEP 81 OPECSADH.E2D

OPISA HEP 81 OPECSALB.E2D

OPLEC HEP 23 OPLECLR.E2D

OPMKP HEP 27 OPICT.E2D

OPMSV IIEP 9 OPECSADH.E2D

OPMSV HEP 9 OPECSALB.E2D

OPMSV HEP 9 OPECSRTE.E2D

OPOMS IIEP 82 OPSTMMKU.E2D

OPOMS HEP 82 OPSTMNFS.E2D
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Table G.4.4

E2DF93 IIEP/ Sequence Cross Reference (Continued)

Operator llEP Sequence

Actions Calculation Number Locator File Name ;

i

OPSDC HEP 2 OPSDCADH.E2D

OPSDC liEP 20 OPSDCADH.E2D

OPSPM HEP 26 OPICT.E2D j

OPSl'M HEP 26 ,OPICT2.E2D

OPSTil HEP 42 OPSTHSTM.E2D

OPSTM l-lEP 29 OPSTMMKU.E2D

OPSTM HEP 29 OPSTMNFS.E2D

OPSTM HEP 49 OPSTE81.E2D

OPSTM HEP 49 OPSTE812.E2D

OPVNT HEP 25 OPICT.E2D

OPVNT HEP 25 OPICT2.E2D

SPMKP HEP 27 OPICT2.E2D

i

I
.

!

|

i
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Table G.4.5

TIOPf65 HEP / Sequence Cross Reference

Operator HEP Sequence
Actions Calculation Number Locator File Name

LC-LP HEP 23 OPLECR.TIO

LCHPC HEP 23 OPLECR.TIO

LCMK HEP 4 LCMK.TIO

LCMK HEP 4 RM-LT.TIO

LCMK HEP 4 OPDHRHYD.TIO

LCMK HEP 4 OPDHRHYR.TIO

LCMK HEP 85 OPDHRHYD.TIO

LCMK HEP 85 OPDHRHYR.TIO

OPISV HEP 7 OPECSADH.TIO

OPISV HEP 7 OPECSSDC.TIO

OPISV HEP 80 OPECSP.TIO

OPISV HEP 108 OPECSADS.TIO

OPDilR HEP 58 OPDHRHYD.TIO

|
OPDHR HEP 77 OPDHR.TIO

: OPDHR HEP 87 OPDHRHYR.TIO

OPECS HEP 6 OPECSSDC.TIO

OPECS HEP 6 OPESADH.TIO

OPECS HEP 78 OPECSADS.TIO

OPECS HEP 79 OPECSP.TIO

OPFLD HEP 28 OPFLDE.TIO

OPHIS HEP 8 OPECSADS.TIOi
|

| OPHIS HEP 8 OPECSADH.TIO

OPillS HEP 8 OPECSP.TIO

OPHIS HEP 8 OPECSSDC.TIO
,

OPICT IIEP 7! OPICTE.TIO

OPICT HEP 71 OPICTE2.TIOi

OPISA HEP 81 OPECSADS.TIO

OPISA IIEP 81 OPECSADH.TIO
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Table G.4.5

TIOPF65 HEP / Sequence Cross Reference (Continued)

Operator HEP Sequence
Actiom Calculation Number Locator File Name

OPLEC HEP 23 OPLECR.TIO

OPMSV HEP 9 OPECSADS.TIO

OPMSV HEP 9 OPECSADH.TIO

OPMSV HEP 9 OPECSSDC.TIO

OPOMS HEP 82 OPSTMNFS.TIO |
1

OPSDC HEP 1 OPSDC.TIO j

OPSDC HEP 2 OPSDC.TIO

OPSDC HEP 20 OPSDC.TIO

OPSPM HEP 26 OPICTE.TIO

OPSPM HEP 26 OPICTE2.TIO
1

OPSTM HEP 29 OPSTMNFS.TIO |

OPVNT HEP 25 OPICTE.TIO

OPVNT HEP 25 OPICTE2.TIO

RM-LT HEP 56 RM-LT.TIO

RM-LT HEP 56 OPDHRHYD.TIO

HEP 56 OPDIIRHYR.TIORM-LT ,

SDCUI HEP 52 SDCUI.TIO

SPMKP HEP 27 OPICTE.TIO

SPMKP HEP 27 OPICTE2.TIO

1
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| Table G.4.6
E2BF20 HEP / Sequence Cross Reference'

!
Operator HEP Sequence

Actions Calculation Number Locator File Name

OPlSV HEP 7 OPECSSDC.E2B

OPISV HEP 11 OPECSHPR.E2B

OPISV HEP 106 OPECSDC6.E2B

OPECS HEP 6 OPECSSDC.E2B

OPECS HEP 10 OPECSHPR.E2B

OPECS HEP 18 OPECSDC6.E2B
l

OPFLD HEP 33 OPFLD.E2B

OPHIS HEP 8 OPECSDC6.E2B

OPHIS HEP 8 OPECSHPR.E2B

OPHIS HEP 8 OPECSSDC.E2B

OPICT HEP 71 OPICT.E2B

OPIS HEP 41 OPSTHE2B.FLD

OPIS HEP 41 OPSTHSTM.E2B

OPIS HEP 57 OPSTHF.E2B

OPIS HEP 57 OPSTHFNC.E2B

OPIS HEP 57 OPSTHOF.E2B

OPIS HEP 57 OPSTHSRV.E2B

OPMSV HEP 9 OPECSDC6.E2B

OPMSV HEP 9 OPECSHPR.E2B

OPMSV HEP 9 OPECSSDC.E2B

OPOMS HEP 82 OPSTMMKU.E2B
,

,

[ OPOMS HEP 82 OPSTMNFD.E2B
!

OPOMS HEP 82 OPSTMOF.E2B

OPOMS HEP 82 OPSTMSRV.E2B

OPSDC HEP 1 OPSDC.E2B

OPSDC HEP 20 OPSDC.E2B

OPSOP HEP 12 OPECSHPR.E2B

OPSOF HEP 30 OPSOF.E2B
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Table G.4.6

E2BF20 IIEP/ Sequence Cross Reference (Continued)

Operator IIEP Sequence
Actions Calculation Number Locator File Name

OPSPM HEP 26 OPICT.E2B

OPSTH HEP 42 OPSTHF.E2B

OPSTH HEP 42 OPSTHFNC.E2B

OPSTli HEP 42 OPSTHE2B.FLD

OPSTH HEP 42 OPSTHOF.E2B

OPSTH HEP 42 OPSTHSRV.E2B
6

OPSTH HEP 42 OPSTHSTM.E2B

OPSTM llEP 29 OPSTMMKU.E2B

OPSTM HEP 29 OPSTMNFD.E2B

OPSTM HEP 29 OPSTMOF.E2B

OPSTM HEP 29 OPSTMSRV.E2B

OPSTM HEP 49 OPSTE51.E2B

OPVNT HEP 25 OPICT.E2B

SPMKN HEP 27 SPMUNECN.E2B

SPMKP HEP 27 OPICT.E2B

SPMUN HEP 26 SPMUNECN.E2B

I

l
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Table G.4.7

TAB 39 HEP / Sequence Cross Reference

Operator HEP Sequence

Actions Calculation Number Locator File Name

OPISV HEP 7 OPECSHYD. TAB

'OPISV HEP 7 OPECSSDC. TAB

OPISV HEP 11 OPECSDC4. TAB

OPISV HEP 11 OPECSDC9. TAB

OPISV HEP 105 OPECSADH. TAB
_

OPADH HEP 132 OPADH39.FLD

OPECS HEP 6 OPECSHYD. TAB

OPECS HEP 6 OPECSSDC. TAB

OPECS HEP 10 OPECSDC4. TAB

OPECS HEP 10 OPECSDC9. TAB

OPECS IIEP 16 OPECSADH. TAB

OPECS HEP 17 OPECADH5. TAB

OPFLD HEP 33 OPFLDF. TAB

OPHIS HEP 8 OPECSADH. TAB
i

| OPHIS HEP 8 OPECSDC4. TAB

OPHIS HEP 8 OPECSDC9. TAB

OPHIS HEP 8 OPECSHYD. TAB

OPHIS HEP 8 OPECSSDC. TAB

OPICT HEP 71 OPICT. TAB

OPICT HEP 71 OPICTHYD. TAB

OPIS HEP 41 OPSTHSTM. TAB

OPIS HEP 57 OPSTH. TAB

OPIS HEP 57 QPSTHCFF. TAB

| OPIS HEP 57 OPSTHFNC. TAB
|

| OPISA IIEP 81 OPECSADH. TAB

| OPMSV HEP 9 OPECSADH. TAB

OPMSV HEP 9 OPECSDC4. TAB
|

| OPMSV IIEP 9 OPECSDC9. TAB

,
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Table G.4.7

TAB 39 lIEP/ Sequence Cross Reference (Continued)

Operator HEP Sequence
Actions Calculation Number Locator File Name

OPMSV HEP 9 OPECSHYD. TAB

OPMSV HEP 9 OPECSSDC. TAB

OPOMS HEP 82 OPSTMFWF. TAB

OPOMS HEP 82 OPSTMMKH. TAB

OPOMS HEP 82 OPSTMMKO. TAB

OPOMS HEP 82 OPSTMNFD. TAB

OPOMS HEP 82 OPSTMSRV. TAB

OPSDC HEP 1 OPSDC. TAB

OPSOF HEP 12 OPECSDC4. TAB
1

OPSOF llEP 12 OPECSDC9. TAB

OPSOF HEP 30 OPSOF. TAB

OPSPM HEP 26 OPICT. TAB

OPSPM HEP 26 OPICTHYD. TAB

OPSTH HEP 42 OPSTH. TAB

OPSTH HEP 42 OPSTHCFF. TAB

OPSTH HEP 42 OPSTHFNC. TAB

OPSTH HEP 42 dPSTHSTM. TAB

OPSTM HEP 29 OPSTMMKH. TAB

OPSTM HEP 29 OPSTMMKO. TAB

OPSTM HEP 29 OPSTMNFD. TAB

OPSTM HEP 29 OPSTMSRV. TAB

OPSTM HEP 49 OPSTE851. TAB

OPSTM HEP 49 OPSTMFWF. TAB

OPVNT HEP 25 OPICT. TAB

OPVNT HEP 25 OPICTHYD. TAB

SDCUI HEP 48 SDCUI. TAB

SPMKP HEP 27 OPICT. TAB

SPMKP HEP 27 OPICTHYD. TAB
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Table G.4.8

RWC26' HEP / Sequence Cross Reference

Operator HEP Sequence

Actions Calculation Number Locator File Name

LCMK HEP 4 OPDHR226.FLD

LCMK HEP 4 OPDHRH26.FLD

LCMK HEP 85 OPDHR226.FLD

LCMK HEP 85 OPDHRH26.FLD

OPISV HEP 5 OPFLDRM6.FLD

OPISV HEP 7 OPECSR26.FLD

OPISV HEP 106 OPECSNL6.FLD

OPCMT HEP 73 OPICTF26.FLD

OPDHR HEP 3 OPDHR226.FLD

OPDHR HEP 58 OPDHRH26.FLD

OPDHR1 HEP 127 OPDHR26.FLD

OPECS HEP 6 OPECSR26.FLD

OPECS HEP 18 OPECSNL6.FLD

OPFLD HEP 20 OPFLDRM6.FLD

OPHIS HEP 8 OPECSNL6.FLD

OPHIS HEP 8 OPECSR26.FLD

OPICT HEP 71 OPICTE26.FLD

OPICT HEP 71 OPICTF26.FLD

OPLEC HEP 129 OPLEC26.FLD

OPLEC1 HEP 132 OPLECH26.FLD

OPMSV HEP 9 OPECSNL6.FLD

OPMSV HEP 9 OPECSR26.FLD

OPMSV HEP 90 OPFLDRM6.FLD

OPSDC HEP 1 OPDHR26.FLD

OPSDC HEP 2 OPDHR26.FLD

OPSDCI HEP 131 OPSDCH26.FLD

OPSPM HEP 26 OPICTE26.FLD

OPVNT HEP 25 OPICTE26.FLD

OPVNT HEP 25 OPICTF26.FLD

RM LT HEP 56 OPDHR226.FLD

RM-LT HEP 56 OPDHRH26.FLD

SPMKP HEP 27 OPICTE26.FLD

' Applies to RWC26A and RWC26B.
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Table G.4.9

RWC74 IIEP/ Sequence Cross Reference

Operator HEP Sequence
Actions Calculation Number Locator File Name

LCMK HEP 4 OPDHR274.FLD

LCMK HEP 4 OPDHRH74.FLD

LCMK HEP 85 OPDHR274.FLD

LCMK HEP 85 OPDHRH74.FLD

OPlSV HEP 5 OPFLDRM4.FLD

OPISV HEP 7 OPECSR74.FLD |
OPISV HEP 106 OPECSNL4.FLD j

|OPDHR HEP 3 OPDHR274.FLD

OPDHR HEP 58 OPDHRH74.FLD !

OPDHR1 HEP 128 OPDHR74.FLD |

OPECS HEP 6 OPECSR74.FLD

OPECS HEP 18 OPECSNL4.FLD

OPFLD HEP 28 OPFLDRM4.FLD

OPHIS HEP 8 OPECSNL4.FLD

OPHIS HEP 8 OPECSR74.FLD

OPICT HEP 71 OPICT274.FLD

OPICT HEP 71 OPICTE74.FLD l

OPIS HEP 41 OPSTHR74.FLD

OPLEC HEP 130 OPLEC74.FLD

OPLEC1 HEP 132 OPLECH74.FLD

OPMSV HEP 9 OPECSNL4.FLD

OPMSV HEP 9 OPECSR74.FLD

OPMSV HEP 90 OPFLDRM4.FLD

OPSDC HEP 1 OPDHR74.FLD

OPSDC HEP 2 OPDHR74.FLD

OPSDCI HEP 131 OPSDCH74.FLD

GPSPM HEP 26 OPICT274.FLD

'CSPM HEP 26 OPICTE74.FLD*

OPSTH HEP 42 OPSTHR74.FLD

OPVNT HEP 25 OPICT274.FLD

OPVNT HEP 25 OPICTE74.FLD

RM-LT HEP 56 OPDHR274.FLD

RM-LT HEP 56 OPDHRH74.FLD

SPMKP HEP 27 OPICT274.FLD

SPMKP HEP 27 OPICTE74.FLD

Vol. 4 G-423 NUREG/CR-6143



HRA
Table G.4.10

Post-Accident Iluman Actions and Their HEPs and Error Factors

23HEP NUMBER' IIUMAN ACTION HEP ERROR FACTOR'

1 OPSDC (1) 8.5E-4 30

2 OPSDC (2) 0.046 10

3 OPDRH (1) 0.48 10

4 LCMK (1) 0.011 5

5 OPISV (17) 0.302 10

6 OPECS (1) 0.035 5

7 OPISV (1) 0.112 10

8 OPHIS (1) 0 OP.1.0 -

9 OPMSV (1) 1.0 -

10 OPECS (2) 0.138 10

11 OPISV (2) 0.302 10

12 OPSOF (1) 0.06 10

13 OPECS (3) 1.0 -

14 OPECS (7) 0.10 10

15 OPISV (3) 0.44 10

16 OPECS (8) 0.059 10

17 OPECS (4) 1.0 10

18 OPECS (9) 0.138 10

19 XTIEB (1) 0.073 10

20 OPSDC (3) 0.6 -

23 OPLEC (1) 0 or 1.0 --

23 LCHPC (1) 0 -

23 LC-LP (1) 0 -

25 OPVNT (1) 0.011 5

26 OPSPM (1) 0.011 5

26 SPMUN (1) 0.011 5

27 SPMKP (1) 0.032 5

27 SPMKN (1) 0.032 5

| 28 OPFLD (1) 0.138 10
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Table G.4.10

Post-Accident Iluman Actions and Their IIEPs and Error Factors (Continued)

IIEP NUMBER'' IIUMAN ACTION IIEP ERROR FACTOR |
23

29 OPSTM (1) 0.106 10
,

30 OPSOF (2) 0.05 10 I
,

|
33 OPFLD (2) 1.0 -

35 OPDHR (2) 0.70 -

40 OPISV (7) 0.31 10

41 OPIS (1) 1.0 -

!
42 OPSTH (1) 0.025 5

49 OPSTM (2) 1.0 -

50 OPECS (14) 0.059 10

51 OPISV (9) 0.112 10

52 SDCUI (1) 3.5E-3 5 i

56 RM-LT (1) 3.6E-3 5

57 OPIS (2) 0.063 10

58 OPDHR (3) 0.108 10

71 OPICT (1) 1.0 -

77 OPDHR (4) 0.12 10

78 OPECS (18) 0.138 10 !

79 OPECS (19) 0.023 5 !

80 OPISV (14) 0.11 10

81 OPISA (1) 0 -
!
1

82 OPOMS (1) 1.0 --

85 LCMK (2) 0 -

87 OPDHR (5) 0.015 5

90 OPMSV (4) 0.01 5

101 OPECS (5) 1.0 -

102 OPECS (6) 1.0 -

105 OPISV (4) 0.112 10

106 OPISV (5) 0.302 10

108 OPJSV (13) 0.302 10
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Table G.4.10
Post-Accident Human Actions and Their HEPs and Error Factors (Continued) ,

HEP NUMBER' HUMAN ACTION HEP ERROR FACTOR2#

127 OPDHR1 (1) 0.02 10
:

128 OPDHR1 (2) 0.41 10 |

129 OPLEC (1) 0.037 10 |

130 OPLEC (2) 0.54 10 .

131 OPSDC (1) 0.006 10 |

132 OPLEC1 (1) 0.05 10

133 OPADH (1) 0.367 10 |

'Some HEP numbers are missing simply because not all numbers in the sequence were used.
' Multiple HEPs were determined for some operator actions. The occurrence number is presented in |
parentheses 0

' Descriptions of the operator actions appear in the HEP calculation tables (Tables G.2.1 through
G.2.133) and in Section 6.

!

Table G.5.1
Recovery Actions and Their Mean HEPS and Error Factors

HEP NUMBER HUMAN ACTION' HEP ERROR FACTOR

116 RA-CRD-1 0.065 5

117 RA-CRD-MODI 0.0042 5

118 RA-CRD-MOD 2 0.0075 5

119 RA-OPICT-1 0.09 10
!

119 RA-OPICT-3 0.09 10

120 RA-OPICT-2 0.067 5
,

;

121 RA-SWXT-1 0.032 5
'

122 RA-SWXT-MODI 0.0042 5

123 RA-FWLVL-1 0.05 5-

124 RA-ECCS-CONTROL 0.053 10

125 RA-DEPRESSURIZE 0.03 10
'

126 RA-HPCS-HW-1 0.25 N/A

126 RA-CRD-HW-1 0.003 N/A

' Descriptions of the recovery actions appear in the HEP calculation tables (Tables G.2.ll5 through G.2.126).
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File Name: LCMK.TIO
|

'Initiator: TIOPF65

Event Tree: TIOPF65

Human Error Events:

Mean HEPs EE Cpde#

LCMK 0.011 5 HEP 4

TIOP initator. Random isolation of RWCU resulting in over-
pressurization. With letdown isolated and makeup continuing to run,
level and pressure will begin to increase. Operators will get an alarm
at level 8 and may receive additional pressure related alarms. In
cddition, operators have approximately 2 and one-half hours to detect
the problem and control makeup. In this time period level and pressure
would be monitored.

,

|

l
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File Name: OPADH39.FLD
'

.

!

Initiator: TAB 39
.

Event Tree: TAB 39 i

|

'Human Error Events:

Mean HEPs EE- Code #
:

OPADH 0.367 10 HEP 132
,

{

-The initiator is a loss of all DIV 1, 2, 3 AC and DC power. Offsite
power is still available. The operators can provide SDC with ADHR if ;

they unisolate IA (requires using air bottles to open AV 26 A & B), !

unisolate PSW from the CR once IA is restored (open F120 & F121), y

manually (locally) open MV 8 and 9 valves to unisolate SDC, and then '

start ADHR from the CR. The task must be accomplished before pressure ,

reaches 50 psi. Per calculation, 2 hours would be available to diagnose !
the need and carry-out the actions. |

t

t
,

I

|

!
!

| l

!

i
i

!

,

!

!

!

!

,

Y

| I
i *

:'

!

t

i

NUREG/CR4143 G-428 vol.4 ;

!

I
:
>

. - - . . .



HRA

File Name: OPCADH14.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: EAX (from TIAF16 or TIAF40 or TIAF93, Seq. 30)

Human Error Events:

Mean HEPs EE Code #

OPECS 1.0 HEP 101

In this scenario, a loss of IA, along with a LOSP occurs. The DIV 1/2
diesel generators fail to start and HPCS is unavailable. Thus, a cross-
tie of the HPCS generator to DIV 2 (1) is called for, per the ONEP for
Loss of AC power. SDC needs to be restored. If the control room
diagnoses the fact that SDC(B) will isolate on 135 psi when the cross-
tie (XTIEB) is completed (OPSDC success), then they will prepare for
initiating ECCS water solid operation per the IDHR ONEP (OPECS). If they
fail to realize that SDC(B) will not be available (OPSDC fails), then
OPECS will most likely fail since the diagnosis, the retrievel of
procedures, the opening of two SRVs and the checking closed of the MSIVs
must be done in parallel with the cross-tie for sufficient time to be
available. In the present scenario, OPSDC fails.

!
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HRA

File Name: OPCADH20.TIA
;

,

Initiator: TIAF16 or TIAF40 or TIAF93i

Event Tree: EA (from TIAF16 or TIAF40 or TIAF93, Seq. 20)

EAP (from TIAF16 or TIAF40 or TIAF93, Seq. 24)

Human Error Events:

Mean HEPs Ef Code #

OPECS 0.10 10 HEP 14 ]

OPMSV 1.0 HEP 9

OP1SV 0.44 10 HEP 15

OPHIS 1.0 HEP 8
,

*- OPISA 0 HEP 81
,

The initiator is a loss of IA. In some sequences a LOSP also occurs, but
the diesels start and load (DV1-2 succeeds) . ADHR is lost as a result of
the initiator, but the operators diagnose the loss of SDC (OPSDC '

succeeds) and attempt to establish SDC(B) . SDC(B) fails to start. OPECS
involves ensuring that ' ADHR is isolated and aligning LPCI(C) for .

initiating ECCS water solid operation. !

* OPISA is completely dependent on OPECS. If OPECS is successful,
OPISA = 0 (success) , otherwise OPISA is a f ailure, 1.0.

!

.

1

9
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File Name: OPCADH21.TIA

Initiator: TIAF16 or TIAF40 or TIAF93
,

Event Tree: EA (from TIAF16 or TIAF40 or TIAF93, Seq. 21)

EAP (from TIAF16 or TIAF40 or TIAF93, Seq. 25)

Human Error Events: |

Mean HEPs EE Code # )
|
|

OPECS 1.0 HEP 13 ]

In this loss IA scenario, OPSDC has failed. That is, the control room
has failed to detect / realize the loss of SDC (ADHR) in 37 minutes.
Bscause of the failure of OPSDC and the time and actions required to
icolate ADHR and align and start ECCS (per " abnormal operations" in the
RHR SOI) and perform the related OPECS action from the IDHR ONEP, OPECS
fails (as do the remaining associated human actions).
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HRA

File name: OPCADH26.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: HPSWA (from TIAF16 or TIAF40 or TIAF93, Seq. 26)

Human Error Events:

Mean HEPs ]E Code #
.

OPECS 1.0 HEP 102

In this scenario, a loss of IA is followed by a LOSP. The DV1-2 diesels
fail to start. HPCS is working (available). OPECS in this case involves
deciding to initiate ECCS water solid operation with HPCS. The most
significant difference between this and HPSWR (from SDC tree) is that
the operators must also diagnose need to isolate ADER during OPECS. This
is a non-trivial difference because with the LOSP and loss of Div 1/2
(or TAB 39 initi' tor and a LOSP), operators will now have to isolate thea
8 or 9 valve locally. When 15 min. is assumed for accomplishing this
action and the other OPECS actions are considered, insufficient time
remains for making the relevant diagnoses.

,

|
:

l
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HRA

File Name: OPCSDC10.TIA
.

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: EP (from TIAF16 or TIAF40 or TIAF93, Seq. 10)

Human Error Events:

Mean HEPs 72 Code #

OPECS 0.138 10 HEP 18

OP1SV 0.302 10 HEP 106

OPHIS 1.0 HEP 8

OPMSV 1.0 HEP 9

In this scenario, a LOSP has occurred, but the diesels successfully
start and load (DIV 1/2 succeeds). OPSDC in this case has failed. That
is, in 37 min. the control room has not diagnosed the loss of SDC or
entered the IDHR ONEP. However, at this point additional alarms could
cound, e.g., a low level or high pressure alarm, and by requirements
(overy 30 min.) the reactor temperature and/or pressure chart recorders
would very likely be checked (to reveal increases) in the 23 additional
minutes available for this event. Operators must diagnose the need to
initiate ECCS water solid operation.
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File Name: OPCSDC11.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: HPSWR (from TIAF16 or TIAF40 or TIAF93, Seq. 11)

Human Error Events:

Mean HEPs EZ Code #

OPECS 0.138 10 HEP 10

OP1SV 0.302 10 HEP 11 ;r

* OPHIS 0 HEP 8

OPMSV 1 HEP 9

OPSOF 0.06 10 HEP 12

In this loss of IA scenario, a LOSP has occurred and the diesels fail to
start (DV1-2 fails). HPCS is working (available). OPECS in this case,
involves deciding to go water solid with HPCS.

* OPHIS is essentially included in the OPECS event in this scenario.
Thus, failure probabability for OPHIS should be. set to 0 when OPECS
is successful.
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File Name: OPCSDC12.TIA !

|
I

Initiator: TIAF16 or TIAF40 or TIAF93 !

Event Tree: EX (from TIAF16 or TIAF40 or TIAF93, Seq. 14)

Human Error Events:

Mean HEPs EE Code #

OPECS 0.035 5 HEP 6

OP1SV 0.112 10 HEP 7

OPMSV 1.0 HEP 9

OPHIS 1.0 HEP 8

In these scenarios a loss of Instrument Air occurs and is followed
later in the scenario with a LOSP. The diesel generators fail to start
(DV1-2 fails) and HPCS is unavailable. Thus, a cross-tie of the HPCS
g nerator to DIV 2 (1) is called for (XTIEB), per the ONEP for loss of
AC power. Some form of SDC is needed. If the control room diagnoses the
likelihood that SDC(B) will isolate on 135 psi. when the diesel
g:nerator cross-tie is completed (OPSDC success), then they will prepare
for OPECS. If they fail to do this (OPSDC fails), OPECS will fail. In
these sequences, OPSDC has succeeded and the control realizes SDC will
not be available. Thus, OPECS involves following the IDHR ONEP and
proceeding with ECCS water solid operation. See file OPXTIE. HEP and HEP
Calculations 19 and 20 for additional information.

i

!
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File Name: OPCSDC13.TIA

Initiator: TIA

Event Tree: EX (from TIAF16 or TIAF40 or TIAF93, Seq. 15)

Human Error Events:

Mean HEPs EE Code #

OPECS 1.0 HEP 101

In this scenario, a loss of IA occurs along with a LOSP. DIV 1/2 diesel
generators fail to start, and HPCS is unavailable. Thus, a cross-tie of
the HPCS generator to DIV 2 (1) is called for, per the ONEP for Loss of
AC power. SDC needs to be restored. If the control room diagnoses the
fact that SDC(B) will isolate on 135 psi when the cross-tie (XTIEB) is
completed (OPSDC success), then they will prepare for initiating ECCS
water solid operation per the IDHR ONEP (OPECS). If they fail to realize
that SDC(B) will not be available (OPSDC fails), then OPECS will most
likely fail since the diagnosis, the retrievel of procedures, the
opening of two SRVs and the checking closed of the MSIVs must be done in
parallel with the cross-tie for sufficient time to be available. In the
present scenario, OPSDC fails.

I
1
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File Name: OPCSEL32.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: E (from L, Seq. 32 and 48, from TIAF16 or TIAF40 or TIAF93,
Sng. 3)

Human Error Events-
|

Mean HEPs EE Code # l
l

OPECS 0.138 10 HEP 18

OP1SV O.302 10 HEP 106

OPHIS 1.0 HEP 8

OPMSV 1.0 HEP 9
|

In this scenario, a loss of IA has occurred. SDC(B) continues to run.
CRD and RWCU auto-isolate and forceed recirculation is lost. With the
loss of makeup (CRD) and forced recirculation, the potential for a j

disconnect between the core and the downcomer regions of the core '

arises. With inadequate level or recirculation, a " functional" loss of
SDC can occur. OPDHR is the the operator action to diagnose the
functional loss of SDC and initiate level control. In these sequences, )
OPDHR has failed. That is, the operators fail to diagnose the disconnect

'

between the core and the downcomer and the resulting functional loss of
SDC in the 10 minutes allowed for OPDHR. However, at this point some
cdditional indicators would be coming available and the operators should
notice increases in pressure and temperature on chart recorders per
periodic checks (required every 30 minutes) . Operators must diagnose the

,

need to initiate ECCS water solid operation. !

I
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HRA

File Name: OPCSEL32.TIA

Initiator: TIAF16 or TIAF40 or TIAF93 ,

i

Event Tree: E (from L, Seq. 32 and 48, from TIAF16 or TIAF40 or TIAF93, !
Seq. 3)

|
!

Human Error Events:

Mean HEPs EE Code #

OPECS 0.238 10 HEP 18

|OP1SV 0.302 10 HEP 106

OPHIS 1.0 HEP 8 i

OPMSV 1.0 HEP 9

In this scenario, a loss of IA has occurred. SDC(B) continues to run.
CRD and RWCU auto-isolate and forceed recirculation is lost. With the
loss of makeup (CRD) and forced recirculation, the potential for a
disconnect between the core and the downcomer regions of the core
arises. With inadequate level or recirculation, a " functional" loss of
SDC can occur. OPDHR is the the operator action to diagnose the
functional loss of SDC and initiate level control. In these sequences,
OPDHR has failed. That is, the operators fail to diagnose the disconnect
between the core and the downcomer and the resulting functional loss of
SDC in the 10 minutes allowed for OPDHR. However, at this point some
additional indicators would be coming available and the operators should
notice increases in pressure and temperature on chart recorders per
periodic checks (required every 30 minutes) . Operators must diagnose the
need to initiate ECCS water solid operation.

|
|

!

|
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Initiator: E2DF93

Event Tree: LA (from E2DF93, Seq. 4,)

|

Human Error Events:

|
Mean HEPs EE Code #

;

!
4

OPDHR 0.70 10 HEP 35

LCMK 0 HEP 85

In this loss of SDC scenario there is no LOSP. OPSDC and SDCB(S) were
successful. At some poiqt, either CRD or forced recirculation fail, .

which requires the operators to diagnose the potential for |
core /downcomer disconnect and the need for makeup. Failure of these
systems should provide alarms and indications to the control room. The '

operators will need to diagnose the need to isolate RWCU. The Operator
nust diagnose need to increase makeup with CRD (if available) or an ECCS

;

nystem.

diagnose the potential for core /downcomer disconnect. Operator must
diagnose need to isolate RWCU and increase makeup with CRD (if |
available) or ECCS. With only 10 min. allowed for this event, the level ldecrease may be subtle (depending on scenario) and at this point in time
SDC is operating. -

* In regards to LCMK, since increasing flow with CRD would be a
possible option in some scenarios, operators would have 2.5 hrs to
control level and could forget to do so. Thus, when LCMK is
preceded by CRD success, then LCMK = 0.011. However, when CDS or
an ECCS system is used, it is assumed that the operators would not
just walk away from a system injecting 4000+ GPM. For these cases,
the HEP for LCMK would be 0.

The value'for the operator action to control level in the long-term |**

(RM-LT) was usually placed in the data base.

;

i

:
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HRA

File Name: OPECSNL4.FLD

Initiator: RWC74

Event Tree: E (from RRW, Seq. 32, from RWC74, Seq. 2)

Human Error Events:

Mean HEPs EE Code #

1

OPECS 0.138 10 HEP 18

OP1SV 0.302 10 HEP 106

OPHIS 1.0 HEP 8

OPMSV 1.0 HEP 9

In this scenario, a break in the RWCU line occurs. The operators
successfully isolate RWCU and the break. However, they initially fail to
bring level back up (OPLEC fails). SDC(B) continues to run. If it is
conservatively assumed that forced recrirculation is lost or that they
were not on forced recirculation, then without additional level a
disconnect betweeen the core and the downcomer will occur with a
resulting " functional" loss of SDC. While changes in temperature may be
subtle because the water in the downcomer continues to be cooled, the
operators should notice increases in pressure per periodic checks
(required every 30 minutes). Moreover, with the additional time in the
given context,.they should at least realize the need to restore level

: and enter the IDHR ONEP. The operators must diagnose the need to
' initiate ECCS water soild operation.

|
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HRA

File Name: OPDHR226.FLD

Initiator: RWC26

Event Tree: L (from RRW, Seq. 9, 22, from RWC26, S eg'. 2)

LA (from RARW, Seq. 9, 10, 22, 23, from RWC26, Seq. 9)

Human Error Events:

Mean HEPs EE Code #

,

OPDHR 0.48 10 HEP 3

o LCMK 0 or 0.011 10 HEP 85 or 4

00 RM-LT 3.6E-3 5 HEP 56

The initiator is a break in the RWCU line. In this scenario, the
operators successfully isolate RWCU before level 3 is reached and
therefore SDC does not auto-isolate. SDC(B) or ADHR continue to run or

if ADHR fails, then SDC(B) starts. At some point in the scenario,,

forced recirculation and/or CRD (makeup) are lost. Operators must
diagnose the need to control level in order to avoid a " functional" loss
of SDC due to a disconnect between the core and the downcomer.

* In regards to LCMK, since increasing flow with CRD would be a
possible option in some scenarios, operators would have 2.5 hrs to
control level and could forget to do so. Thus, when LCMK is
preceded by CRD success, then LCMK = 0.011. However, when CDS or
an ECCS system is used, it is assumed that the operators would not
just walk away from a system injecting 4000+ GPM. For these cases, ;

the HEP for LCMK would be 0, i

o* The HEP for RM-LT is relevant to sequences where CRD fails, but
forced recirculation continues to run. RM-LT should not be reached
in the other sequences in the L tree.
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HRA

File Name: OPDHR26.FLD

Initiator: RWC26

Event Tree: RWC26

Human Error Events:

Mean HEPs EE Code #

OPDHR1 (2 '.3 min) 0.02 10 HEP 127

OPSDC (RHR) 8.5E-4 10 HEP 1
1

iOPSDC (ADHR) 0.046 10 HEP 2

The initiator is a break in the RWCU line. Depending on where the break
is located in the line, the GPM lost will vary, as will the amount of
time the operators have to respond. OPDHR is this case the operator
action to isolate letdown (RWCU) before level 3 is reached, which
results in SDC auto-isolating. A level 4 alarm will sound within 4
minutes after the break. It was assumed that the level 4 alarm and the
continued decrease in level would indicate to the operators that letdown
should be isolated. This was assumed to be the case even if they are not
yet aware of a break or where it is located. That is, a substantial loss
of level should indicate a need to stop letdown in any way possible.
Isolating RWCU is an obvious place to start.

If OPDHR fails, SDC will auto-isolate on level 3. Numerous alarms and
indications will alert the operators to the loss of SDC.|

|
,

|

|
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HRA

File Name: OPDHR274.FLD

Initiator: RWC74

Evsnt Tree: L (from RRW, Seq. 9, 22, from RWC74, Seq. 2)

LA (from RARW, Seq. 9, 10, 22, 23, from RWC74, Seq. 9)

Human Error Events:

Mean HEPs EE Code #
I.

!

OPDHR 0.48 10 HEP 3 )
;

* LCMK 0 or 0.011 10 HEP 85 or 4

** RM-LT 3.6E-3 5 HEP 56
i

The initiator is a break in the RWCU line. In this scenario, the
,

operators successfully isolate RWCU before level 3 is reached and i

therefore SDC does not auto-isolate. SDC(B) or ADHR continue to run or
if ADHR fails, then SDC(B) starts. At some point in the scenario,,

forced recirculation and/or CRD (makeup) are lost. Operators must
diagnose the need to control level in order to avoid a " functional" loss
of SDC due to a disconnect between the core and the downcomer.

* In regards to LCMK, since increasing flow with CRD would be a
possible option in some scenarios, operators would have 2.5 hrs to ;

control level and could forget to do so. Thus, when LCMK is !

preceded by CRD success, then LCMK = 0.011. However, when CDS or
an ECCS system is used, it is assumed that the operators would not
just walk away from a system injecting 4000+ GPM. For these cases,
the HEP for LCMK would be O.

** The HEP for RM-LT is relevant to sequences where CRD fails, but
forced recirculation continues to run. RM-LT should not be reached
in the other sequences in the L tree.

Vol. 4 G-443 NUREG/CR4143



._

HRA ,

File Name: OPDHR74.FLD

Initiator: RWC74

Event Tree: RWC74

Human Error Events:

Mean HEPs EE Code #

OPDHR1 (13.3 min) 0.41 10 HEP 128

OPSDC (RHR) 8.5E-4 10 HEP 1

OPSDC (ADHR) 0.046 10 HEP 2

The initiator is a break in the RWCU line. Depending on where the break
is located in the line, the GPM lost will vary, as will the amount of
time the operators have to respond. OPDHR is this case the operator
action to isolate letdown (RWCU) before level 3 is reached, which
results in SDC auto-isolating. A level 4 alarm will sound within 4
minutes after the break. It was assumed that the level 4 alarm and the
continued decrease in level would indicate to the operators that letdown
should be isolated. This was assumed to be the case even if they are not
yet aware of a break or where it is located. That is, a substantial loss
of level should indicate a need to stop letdown in any way possible.
Isolating RWCU is an obvious place to start.

If OPDHR fails, SDC will auto-isolate on level 3. Numerous alarms and
indications will alert the operators to the loss of SDC.

;

|

|

|
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File Name: OPDHR.TIO

Initiator: TIOPF65

Event Tree: L (from SDC, Seq. 1, from TIOPF65, Seq. 2)
LA (from ADH, Seq. 1, 2, from TIOPF65, Seq. 3)
LP (from SDC, Seq. 5, from TIOPF65, Seq. 2)

Human Error Events:

Mean HEPs EE Code # l

OPDHR 0.12 10 HEP 77

i
|TIOPF65 represents the occurrarce of a mismatch between letdown and

makeup (because of a decreare in letdown), which leads to a potential
overpressurization of the vessel. In this scenario, operators have
responded to the problem hv controlling makeup (LCMK succeeds). Later in
the scenario, makeup (CRD) failF or doesn't fail. SDC(B) or ADHRS has
continued to run. RWCU may be fu.yt ic.ing (even if at a decreased rate) ,
which could lead to a draindown of the vessel if CRD has failed. OPDHR
calls for operators to control level either: 1) before the lowering of ;

level leads to a disconnect between the core and the downcomer, which '

could result in a " functional" loss of SDC, or 2) before increasing
level leads to overpressurization of the vessel. A loss of CRD would be
alarmed, as would a level decrease to level 4. Similarly, levels 7 and
8 would also be alarmed if level was increasing. While operators may
have only 10 min. to diagnose and respond to the problem, they
successfully responded to the earlier mismatch between letdown and
makeup (LCMK) and should be closely monitoring level. Thus, OPDHR in
this context is somewhat different than in other transients. In spite of
the fact that the existing conditions might not directly enter the
operators into a procedure, they will be striving to keep water level at
the appropriate place. In cases where CRD is lost, the operators will
have to decide which system to use to provide the makeup (most likely an
ECCS system unless SDC is from ADHRS, in which case CDS might be an
option). Thus, once the correct diagnosis is made, the decision is
" dynamic" in the sense that the operators are not "directly" procedure
driven.
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HRA

File Name: OPDHR&.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: L (from TIAF16 or TIAF40 or TIAF93, Seq. 3)
LP (from TIAF16 or TIAF40 or TIAF93, Seq. 7)
LA (from TIAF16 or TIAF40 or TIAF93, Seq. 18)
LAP (from TIAF16 or TIAF40 or TIAF93, Seq. 22)

Human Error Events:

OPDHR 0.48 10 HEP 3

In this scenario, SDC(B) was successful, but forced recirculation is
lost. The operator must diagnose the need to increase makeup. Since this
is a TIA sequence, CRD will not be available for increased flow.

Note. OPDHR in this case includes use of some ECCS system for
makeup. Thus, events downstream of a successful OPDHR which
involve initiation of ECCS should be set to O (success).

|

|

I
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File Name: OPDHRH26.FLD
1

Initiator: RWC26

Event Tree: L (from RWCHI, Seq. 2, 16, from RWC26, Seq. 17)

Human Error Events:

Mean HEPs EE Codel

OPDHR 0.108 10 HEP 58

LCMK (CDS or
ECCS) O HEP 85 ,

LCMK (CRD) 0.011 5 HEP 4

RM-LT 3.6E-3 5 HEP 56

In this scenario, the operators are in a HYDRO test when a break occurs
in the RWCU li.ne. Level quickly drops to level 2 and an auto-isolation
of RWCU isolates the break. HPCS auto-starts on the level 2 signal and
auto-stops at level 8. The operators recognize the need for SDC and
start SDC(B) . Operators must now diagnose the need to provide makeup due
to the potential for an eventual disconnect between the core and the
downcomer without level control (OPDHR). The disconnect is possible
because of a loss of makeup and/or a loss of forced recirculation.

,

At this point, the operators have done everything correctly and the ONEP j

for IDHR has been pulled (SDC was initiated). Given the previous events,
'

the operators will be likely to have an awareness of the need for
makeup. OPDHR in this case could include an attempt to use CDS or ECCS,
if CRD is not available. Given the injection rates for CDS or ECCS, it
was assumed that the operators would control level once they began |

injection, i.e., not just walk away. If CRD continued to run, level j
control was not necessarily assumed to occur. RM-LT represents the i

operators providing long-term makeup for level control |

I

.
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File Name: OPDHRH74.FLD

Initiator: RWC74

Event Tree: L (from RWCHI, Seq. 2, 16, from RWC74, Seq. 17)

Human Error Events:

}iean HEPs EE Code #

OPDHR 0.108 10 HEP 58

LCMK (CDS or
ECCS) O HEP 85

LCMK (CRD) 0.011 5 HEM 4

RH-LT 3.6E-3 5 HEP 56

In this scenario, the operators are in a HYDRO test when a break occurs
in the RWCU line. Level quickly drops to level 2 and an auto-isolation
of RWCU isolates the break. HPCS auto-starts on the level 2 signal and
auto-stops at level 8. The operators recognize the need for SDC and
start SDC(B). Operators must now diagnose the need to provide makeup due
to the potential for an eventual disconnect between the core and the
downcomer without level control (OPDHR). The disconnect is possible
because of a loss of makeup and/or a loss of forced recirculation.

At this point, the operators have done everything correctly and the ONEP
for IDHR has been pulled (SDC was initiated). Given the previous events,
the operators will be likely to have an awareness of the need for
makeup. OPDHR in this case could include an attempt to use CDS or ECCS,
if CRD is not available. Given the injection rates for CDS or ECCS, it
was assumed that the operators would control level once they began
injection, i.e., not just walk away. If CRD continued to run, level
control was not necessarily assumed to occur. RM-LT represents the
operators providing long-term makeup for level control
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HRA

File Name: OPDHRHYD.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: L (from ADEP, Seq. 3, from OVPR, Seq. 4,
from HYDRO, Seq. 5, from TIAF16 or TIAF40 or TIAF93, Seq
33)

Human Error Events:

hean HEPs EE Code #

OPDHR 0.108 10 HEP 58

LCMK 0 HEP 85

In this scenario, the operators are in a HYDRO test when a loss of IA
occurs. FCIRC, CRD, and RWCU are lost. No LOSP. An SRV opens on its
safety set point and fails to close, resulting in depressurization. The
operators recognize the need to isolate RWCU and unisolate SDC(B).
SDC(B) successfully runs (SDCUI). Operators have 8.7 hrs. to accomplish
SDCUI. Operator must now diagnose the need to provide makeup due to the
potential for an eventual disconnect between the core and the downcomer
without level control.

At this point, the operators have done everything correctly and the ONEP
for IDHR has been pulled. Given the previous events, the operators will
be likely to have an awareness of the need for makeup. OPDHR in this
case includes an attempt to use CDS or ECCS Given the injection rates
for CDS or ECCS, it was assumed that the operators would control level
once they began injection, i.e., not just walk away.
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File'Name: OPDHRHYD.TIO

Initiator: TIOPF65

Event Tree: L (from ADEP, Seq. 3, from OVPR, Seq. 4,

from TIOPF65, Seq 19)

Human Error Events:

Mean HEPs El Code #

OPDHR 0.108 10 HEP 58

LCMK (CDS or
ECCS) O HEP 85

:
'

LCMK (CRD) 0.011 5 HEP 4
;

RM-LT 3.6E-3 5 HEP 56

In this scenario, the operators are conducting a HYDRO test when a
;

mismatch between letdown and makeup occurs. No LOSP. An SRV opens on its
'

;

safety set point and fails _to close, resulting in deprassurization. The
operators recognize the need to unisolate and initiate SDC(B) (SDCUI,

| succeeds). SDC(B) successfully runs. Operators have 8.7 hrs. to
accomplish SDCUI. Operators must now diagnose the nee (. to provide makeup
due to the potential for an eventual disconnect between the core and the >

downcomer without level control (OPDHR). ,

At this point, the operators have done everything correctly and the ONEP
for IDHR has been pulled (SDC was initiated). Given the previous events,
the operators will be likely to have an ' awareness of the need for
makeup. OPDHR in this case could include an attempt to use CDS or ECCS,
if CRD is not available. Given the injection rates for CDS or ECCS,'it
was assumed that the operators would - control level once they began
injection, i.e., not just walk away. If CRD continued to run, level
control was not necessarily assumed to occur. RM-LT represents the
operators providing long-term makeup for level control

l-
|

!
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File Name: OPDHRHYR.TIO

i

Ynitiator: TIOPF65 '

Event Tree: L (from ADEP, Seq. 2, from OVPR, Seq. 4,
from TIOPF65, Seq 19)

Human Error Events:

1

Mean HEPs EE Code # |

i

!

OPDHR 0.015 5 HEP 87
|

LCMK (CDS or i

ECCS) 0 HEP 85

LCMK (CRD) 0.011 5 HEP 4
i

RM-LT 3.6E-3 5 HEP 56 1.,

'

, l
'

1

In this scenario, the operators are in a HYDRO test when a mismatch I
,

between letdown and makeup occurs. No LOSP. An SRV opens on safety set
point and fails to close, resulting in depressurization. RWCU continues
to run in recirculation mode (RWCUC) . The operators need to diagnose the
need to provide makeup due to the potential for an eventual disconnect
between the core and the downcomer without level control (OPDHR). Since
letdown in this scenario will be relatively small and RWCU is providing
core cooling as long as the level stays high, the operators have 215
min. to diagnose the need and provide makeup. Since the IDHR ONEP will
not be immediately indicated, the operators will have to diagnose the
potential disconnect on their own. Given the initiator, the liklihood
that the operators will check level during the time available, and the
fact that operators showed an awareness of the disconnect problem during
interviews, the control room crew would have a reasonable probability of
an appropriate response. OPDHR in this case could include an attempt to
use CDS or ECCS, if CRD is not available. Given the injection rates for
CDS or ECCS, it was assumed that the operators would control level once
they began injection, i.e., not just walk away. If CRD continued to run,
level control was not necessarily assumed to occur (LCMK). RM-LT
represents the operators providing long-term makeup for level control
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File Name: OPDHRHYR.TIO
,

Initiator: TIOPF65

Event Tree: L (from ADEP, Seq. 2, from OVPR, Seq. 4,

from TIOPF65, Seq 19) ;

Human Error Events:
,

Mean HEPs EE Code # i

OPDHR 0.015 5 HEP 87
,

LCMK (CDS or
ECCS) O HEP 85

LCMK (CRD) 0.011 5 HEP 4

RM-LT 3.6E-3 5 HEP 56

In this scenario, the operators are in a HYDRO test when a mismatch
between letdown and makeup occurs. No LOSP. An SRV opens on safety set ,

point and fails to close, resulting in depressurization. RWCU continues
to run in recirculation mode (RWCUC) . The operators need to diagnose the
need to provide makeup due to the potential for an eventual disconnect
between the core and the downcomer without level control (OPDHR) . Since
letdown in this scenario will be relatively small and RWCU is providing
core cooling as long as the level stays high, the operators have 115
min. to diagnose the need and provide makeup. Since the IDHR ONEP will
not be immediately indicated, the operators will have to diagnose the
potential disconnect on their own. Given the initiator, the liklihood
that the operators will check level during the time available, and the
fact that operators showed an awareness of the disconnect problem during
interviews, the control room crew would have a reasonable probability of
an appropriate response. OPDER in this case could include an attempt to
use CDS or ECCS, if CRD is not available. Given the injection rates for +

CDS or ECCS, it was assumed that the operators would control level once
j they began injection, i.e., not just walk away. If CRD continued to run, i

i level control was not necessarily assumed to occur (LCMK). RM-LT
! represents the operators providing long-term makeup for level control
i

!

|
i
i

i
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File name: OPECAD10. TAB

Initiator: TAB 39

Event Tree: HPSWA (from ADH, Seq. 10, from TAB 39, Seq. 5)

Human Error Events: 1

!Mean HEPs EE Code /

OPECS 1.0 HEP 102
l

In this scenario, the only AC bus has failed and is followed by a LOSP.
Thus, no DV1-2. HPCS is working (available). OPECS in this case involves
deciding to initiate ECCS water solid operation with HPCS. The most
significant difference between this and HPSWR (from SDC tree) is that '

the operators must also diagnose need to isolate ADIIR during OPECS. This
is a non-trivial difference because with the LOSP and loss of Div 1/2
(or TAB 39 initiator and a LOSP), operators will now have to isolate the
8 or 9 valve locally. When 15 min. is assumed for accomplishing this
action and the other OPECS actions are considered, insufficient time
remains for making the relevant diagnoses.

l

Vol. 4 G-453 NUREG/CR-6143

!



_ _ _ - _ _ _ _ _ - _ _ _ _

HRA

File Name: OPECADHS. TAB

Initiator: TAB 39

Event Tree: EA (from ADH, Seq. 5, from TAB 39, Seq. 5)

Human Error Events:

Mean HEPs EE Code #

OPECS 1.0 HEP 17

In this loss of AC bus scenario, OPSDC has failed. That is, the control
room has failed to detect the loss of SDC (ADHR) in 37 min, given that
the only useful AC bus has failed (B train) and rendered any useful B
systems unavailable. Because of this failure and the need to diagnose
the need to isolate ADHR and start HPCS (for which no step by step l

procedures are available, i.e., the IDHR ONEP indicates use of any
available ECCS system but nothing about isolating ADHR), the HEP derived
for OPECS is equal to 1.0. The critical problem here is that a control
room failure to diagnose the loss of the operating SDC in this
circumstance does not bode well for doing so in OPECS, in which the need
to isolate ADHR must be determined without procedures. ,

I

|

4
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File Name: OPECS.J2

Initiator: J2F48
|

Event Tree: E (from ASISJ, Seq. 1, 6, from J2F48, Seq. 2)
EP (from ASISJ, Seq. 2, 7, from J2F48, Seq. 2)

|

Human Error Events: |
i

Mean HEPs EE Code #

|
OPECS 0.138 10 HEP 61 I

OP1SV 0.302 10 HEP 107

OPHIS 1.0 HEP 8

OPMSV 1.0 HEP 9

A break in the SDC line has occurred outside containment. MV 8 or 9
cuto-isolates on low level (level 3), which results in isolation of the
break and SDC. If a LOSP also occurs, the diesels start and load (DV1-2
succeeds). Level 3 alarms (RPV level below 11.4) will cause the
operators to enter EP-2, which will direct them to restore level. The
RHR pump trip alarms and closure of MV 8 or 9 will indicate a loss of
SDC and the corresponding IDHR to the operators. The operators will then
Cnter the IDHR ONEP, which will instruct them to initiate ECCS water j
colid operation.

j

Note: Relative to the HEPs used for OPECS and OP1SV in other similar
coquences, the values used above were somewhat conservative. More
appropriate HEPs, in terms of consistency with the current analysis,
would have been HEP 64 (0.043) for OPECS and HEP 63 (0.08) for OP1SV.
Whsre important, the differences will be considered and taken into
account during recovery.

I
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File Name: OPECS3.T5A

Initiator: T5AF19

Event Tree: E (from T5AF19, Seq. 3)

Human Error Events:

Mean HEPs EE Code #

OPECS 0.059 10 HEP 16

OP1SV 0.112 10 HEP 105 |

* OPHIS 0 HEP 8

OPMSV 1.0 HEP 9

In this scenario, a loss of SSW has occurred. SDC(B) fails and the
operators recognize the loss of SDC (OPSDC succeeds). The control room
has entered the relevant ONEPs. They are instructed by the IDHR ONEP to
initiate ECCS water solid operation with any available system. Given the
initiator, HPCS is the only available system.

* OPHIS is completely dependent on OPECS. If OPECS succeeds, then
OPHIS succeeds.

Note. The HEP used above for OPECS (HEP 16) > assumed that the
operators might be required to isolate the SDC low pressure
piping by closing the 8 or 9 valve from the control room. In
actuality, isolating the low pressure piping would probalbly
not be required in this scenario. Thus, HEP 6 for OPECS
(0.035) would have been a more appropriate and consistent HEP |

in the context of the overall analysis. However. the use of |
HEP 16 is just slightly more conservative.

i
!

I

i
!

4
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File Name: OPECS4.T5A

Initiator: T5AF19

Event Tree: E (from T5AF19, Seq. 4)

Human Error Events:

Mean HEPs EE Code #
h

OPECS 0.138 10 HEP 18
,

OP1SV 0.302 10 HEP 106

* OPHIS 0 HEP.8

OPMSV 1.0 HEP 9

In this scenario, a loss of SSW has occurred. SDC(B) is lost. OPSDC in
this case has failed. That is, in 37 min. the control room has not -

diagnosed the loss of SDC or entered the IDHR ONEP. However, at this
point additional alarms could sound, e.g., a low level or high pressure
alarm, and by requirements (every 30 min.) the reactor temperature
cnd/or pressure chart recorders would very likely be checked (to reveal
increases) in the 23 additional minutes available for this event. I

Operators must diagnose the need to initiate ECCS water solid operation.
,

* OPHIS is completely dependent on OPECS. If OPECS succeeds, the
OPHIS succeeds..

!

|

|
,
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'

File Name: OPECSA07.E2D

Initiator: E2DF93

Event Tree: EA (from E2DF93, Seq. 7)
,

Human Error Events:

Mean HEPs EE Code #

OPECS 1.0 HE,P 13 I

In this loss of ADHR scenario, OPSDC has failed. That is, the control
room has failed to detect / realize the loss of SDC (ADHR) in 37 minutes.
Because of the failure of OPSDC and the time and actions required to_
isolate ADHR and align and start ECCS (per " abnormal operations" in the
RHR SOI), and perform the related OPECS action from the IDHR ONEP, OPECS
fails (as do the remaining associated human actions).

,

i

r

.

i

|
'

|
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File Name: OPECSAD5.TIO

Initiator: TIOPF65

Event Tree: EA (from ADH, Seq. 5, from TIOPF65, Seq. 3)

Human Error Events:

Mean HEPs EE Code #

OPECS 0.138 10 HEP 78

OP1SV 0.302 10 HEP 108

OPHIS 1.0 HEP 8

OPMSV 1.0 HEP 9

OPISA 0 HEP 81

In this TIOPF65 scenario, LCMK has succeeded with the operators
controlling level to handle the mismatch between letdown and makeup.
Luter in the scenario, ADHRS fails and OPSDC in this case has failed.
That is, in 37 min. the control room has not diagnosed the loss of SDC
or entered the IDHR ONEP. However, by requirements (every 30 min.) the
reactor temperature (and/or pressure) chart recorder would very likely
ba checked (to reveal increases) in the 23 min. available for this
ovant. In addition, if a boil-off had begun, a low level alarm (level 4)
may occur. With the additional time and new indicators, it was assumed
that the HEP computations for OPECS etc. would parallel those for
cimilar events in which the need for an ECCS system must be diagnosed
cnd the related actions carried-out without a successful OPSDC.

|
|
,

i
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File Name: OPECSADH.E2D

Initiator: E2DF93

Event Tree: EA - (from E2DF93, Seq. 6)
EAP (from E2DF93, Seq. 10)

Human Error Events:

Mean HEPs EE Code #

OPECS 0.059 10 HEP 16

'.112 10 HEP 105OOP1SV

* OPHIS 0 HEP 8

OPMSV 1.0 HEP 9

* OPISA 0 HEP 81

The above scenario reflects a loss of ADH. In some cases the initiator
is followed by a LOSP and the diesels successfully start and load (DV1-2
succeeds). The operators recognize the loss of SDC (OPSDC succeeds) and
attempt to start SDC(B), but it fails to start. OPECS involves isolating
ADHR from control room (if necessary) by closing 8 or 9 valve and
initiating HPCS from CR for ECCS water solid operation per the IDHR
ONEP. With the loss of ADH and and failure of SDC(B), it is
conservatively assumed that neither LPCI(C) nor (B) are available.

* OPHIS and OPISA are completely dependent on OPECS. If OPECS
succeeds, then OPHIS and OPISA succeed.
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File Name: OPECSADH. TAB

Initiator: TAB 39 .

Evsnt Tree: EA (from ADH, Seq. 4, from TAB 39, Seq. 5)

Human Error Events: !

Mean HEPs Ef Code #

|

OPECS 0.059 10 HEP 16

OP1SV 0.112 10 HEP 105

* OPHIS 0 HEP 8

OPMSV 1.0 HEP 9
,

'* OPISA 0 HEP 81

.In this scenario, OPSDC has succeeded and the appropriate ONEP has been
entered prior to start of OPECS. That is, operators have diagnosed the ;

loss of ADH in the context of the loss of the 1E AC bus and entered the '

IDHR ONEP. OPECS involves isolating ADH from control. room (if necessary) |

by closing the 8 or 9 valve and initiating HPCS from the CR.

* OPHIS . and OPISA are completely dependent on OPECS If OPECS
succeeds, then OPHIS and OPISA succeed.

;
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File Name: OPECSADH.TIO

Initiator: TIOPF65

Event Tree: EA (from ADH, Seq. 4, from TIOPF65, Seq. 3)

Human Error Events:

Mean HEPa EE Code #

OPECS 0.035 5 HEP 6

OP1SV 0.112 10 HEP 7

OPHIS 1 HEP 8

OPMSV 1 HEP 9

OPISA 0 HEP 81

TIOPF65 initiator, which is a mismatch between letdown and makeup
potentially leading to over-pressurization. Operators successfully

i control letdown and makeup (LCMK OK). Later in the scenario, a random
I isolation of ADHRS occurs. OPSDC has succeeded and the operators have
| attempted to start SDC(B), but it fails. The appropriate ONEP has been
| entered prior to start of OPECS. That is, operators have diagnosed the
| loss of ADHR, attempted a restart with no luck, and entered the IDHR
| ONEP. By procedure they are directed to initiate ECCS water solid
| operation. LPCI(C) is assumed the system of choice. LPCI(C) was placed

|
in standby during OPSDC and ADHR is isolated. No credit was taken for

' HPCS at this point if LPCI(C) failed.

|

|

|
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File Name: OPECSALB.E2D

Initiator: E2PF93

Event Tree: EA (from LA, Seq. 5, 38, 32, 48, from E2DF93, Seq. 4)

Human Error Events:

Eg. gin HEPs EE Code #

OPECS 0.12 10 HEP 39

OP1SV 0.31 10 HEP 40'

* OPHIS 0 HEP 8

OPMSV 1.0 HEP 9

* OPISA 0 HEP 81

The above scenario reflects a loss of the ADHR system. The operators
datect the loss and align SDC(B) . The operators initially fail to detect
the need for level control during the 10 minutes allowed for OPDHR
(OPDHR fails). The operators must diagnose the need to isolate RWCU from
the control room and initaite ECCS water solid operations (OPECS). With
the loss of ADHR, LPCI(C) is assumed unavailable. Since RHR(B) aligned
for.SDC, HPCS may be the system of choice for ECCS injection.

* In this scenario OPHIS and OPISA is set equal to O (success)
because they are both completely dependent on OPECS, which .

'succeeds.
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File Name: OPECSDC4. TAB

Initiator: TAB 39

Event Tree: E (from SDC, Seq. 4, from TAB 39, Seq. 3)

Human Error Events:

Mean HEPs EE Code #

OPECS 0.138 10 HEP 10

OP1SV 0.302 10 HEP 11

OPHIS O HEP 8

OPMSV 1.0 HEP 9

OPSOF 0.06 10 HEP 12

In this scenario, the only AC bus is gone, thus no power to Divisions 1
or 2. A LOSP has not occurred. OPSDC in this case has failed. That is,
in 37 min. the operators have not diagnosed the loss of SDC in the
context of the loss of the bus and therefore has not pulled the IDHR
ONEP. However, at this point an additional alarm would be likely to
sound (low level) and by requirements (every 30 min.) the reactor,
temperature and pressure chart recorders should be checked in the 23
min. available for this event. Temperature and pressure increases would
be revealed. With the additional time and some new indicators, it was
assumed that the HEP computations for OPECS etc. would parallel those
from other cases where the need for HPCS must be diagnosed and the
related OPECS actions carried-out without a successful OPSDC event.

|
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File Name: OPECSDC5.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: E (from TIAF16 or TIAF40 or TIAF93, Seq. 5) ;

' Human Error Events:

Mean HEPs EE Code #

OPECS 0.035 5 HEP 6

OP1SV O.112 10 HEP 7
i

OPHIS 1 HEP 8 *

OPMSV 1 HEP 9

In this scenario, OPSDC has succeeded and the appropriate ONEP has been
entered prior to start of OPECS. That is, the control room has diagnosed
loss of SDC(B) (a random failure occurring sometime.after the loss of
Instrument Air), and they have entered the IDHR ONEP. The ONEP directs
the control room to initiate ECCS water solid operation.

i

J

a
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File Name: OPECSDC6.E2B
,

Initiator: E2BF20 1

Event Tree: E (from E2BF20, Seq. 6)

Human Error Events:

Mean HEPs HE Code #
|

OPECS 0.138 10 HEP 18

OP1SV 0.302 10 HEP 106

OPHIS 1.0 HEP 8
I

OPMSV 1.0 HEP 9

An isolation of SDC is the initiator. OPSDC in this case has failed.
That is, in 37 min. the control room has not diagnosed the loss of SDC
or entered the IDHR ONEP. However, at this point additional alarms could
sound, e.g., a low level or high pressure alarm, and by requirements
(overy 30 min.) the reactor temperature and/or pressure chart recorders
would very likely be checked (to reveal increases) in the 23 additional
minutes available for this event. Operators must diagnose the need to
initiate ECCS water solid operation.

|

!

.
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File Name: OPECSDC6.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: E,(from TIAF16 or TIAF40 or TIAF93, Seq. 6)

Human Error Events:

Mean HEPs EE Code #

OPECS 0.138 10 HEP 18

OP1SV 0.302 10 HEP 106

OPHIS 1.0 HEP 8

OPMSV 1.0 HEP 9

A loss of IA is the initiator. It is followed at some point by a random
failure of SDC(B). OPSDC in this case has failed. That is, in 37 min.
the control room has not diagnosed the loss of SDC or entered the IDHR
ONEP. However, at this point additional alarms could sound, e.g., a low
level or high pressure alarm, and by requirememts (every 30 min.) the
reactor temperature and/or pressure chart recorders would very likely be ,

'

checked (to reveal increases) in the 23 additional minutes available for
this event.
Operators must diagnose the need to initiate ECCS water solid operation.

|
|
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File Name: OPECSDC9. TAB

Initiator: TAB 39

Event Tree: HPSWR (from SDC, Seq. 9, from TAB 39, Seq. 3)

| Human Error Events:

Hean HEPs EE Codel
|

| OPECS 0.138 10 HEP 10

!. OP1SV 0.302 10 HEP 11 |

i

OPHIS 0 HEP 8

OPHSV 1 HEP 9

OPSOF 0.06 10 HEP 12

In this loss of the only AC bus initiator, a LOSP has also occurred.
HPCS is working (available). OPECS in this case, involves deciding to go
water solid with HPCS.

* OPHIS in this case is included in the OPECS event. Thus, failure
probabability for OPHIS should be set to 0 when OPECS is
successful.

I
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File Name: OPECSDC9.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: EP (from TIAF16 or TIAF40 or TIAF93, Seq. 9)

Human Error Events:
't

Mean HEPs EE Code #

OPECS 0.035 5 HEP 6

OP1SV 0.112 10 HEP 7

OPHIS 1 HEP 8

OPMSV 1 HEP 9

- In this loss of Instrument Air scenario, a LOSP has occurred and DV1-2
has succeeded. OPSDC has; succeeded and the appropriate ONEP has been
entered prior to the start of OPECS. That is, the control room has
diagnosed the loss of SDC(B) (a random failure occurring sometime after
the loss of Instrument Air), and entered the IDHR ONEP. The ONEP directs
the control room to initiate ECCS water solid operation.

,

.

-

:

I

i
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File Name: OPECSHPR.E2B

Initiator: E2BF20

Event Tree: HPSWR (from E2BF20, Seq. 10)

Human Error Events:

Mean HEPs EE Code #

OPECS 0.138 10 HEP 10

OP1SV ;0.302 10 HEP 11 |

* OPHIS 0 HEP 8

OPMSV 1 HEP 9

OPSOF 0.06 10 HEP 12

In this scenario, all of RHR loop B has failed. A LOSP has occurred and
the diesels have failed to start (DV1 2 fails). HPCS is working
(available). OPECS in this case, involves deciding to go water solid
with HPCS.

* OPHIS in this case is covered in the OPECS event. Thus, failure
probabability for OPHIS should be set to 0 when OPECS is
successful.

,

4
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;
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|
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File Name: OPECSHPR.T5A
P

Initiator: T5AF19"

Event Tree: HPSWR (from TSAF19, Seq. 6)

Human Error Events:

Mean HEPs EE Code #

OPECS 0.138 10 HEP 10

OP1SV 0.302 10 HEP 11

* OPHIS 1 or 0 HEP 8

OPMSV 1 HEP 9
i

OPSOF 0.06 10 HEP 12

In this scenario, a loss of SSW has occurred and is followed at some
later point with a LOSP. SDC(B) is lost, but HPCS is working j
(available). OPECS in this case, involves deciding to go water solid
with HPCS. This situation is similar to that in T1-5 and TAB 39.

* OPHIS in this case is covered in the OPECS event. Thus, failure
probabability for OPHIS should be set to 0 when OPECS is
successful.

!
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File Name: OPECSHY2.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: E (from ADEP, Seq. 6, 8, from OVPR, Seq. 4,

from HYDRO, Seq. 5, from TIAF16 or TIAF40 or TIAF93, Seq.
33)

Human Error Events:

Mean HEPs Ef Code #

OPECS 0.035 5 HEP 6

OP1SV 0.112 10 HEP 7

OPHIS 1.0 HEP 8

OPMSV 1 HEP 9

In this scenario, in HYDRO when a loss of IA occurs. No LOSP. FCIRC,
CRD, CDS, and RWCU are lost. The SRVs open on safety setpoint and fail
to close (SAFEC). Depressurization occurs. In ADEP tree either SDCUI
fails (8.7 hours for this event) because the operators fail to
accomplish the necessary steps to initiate SDC(B) or ADHR (in 8.7 HRS.)
or SDCUI succeeds, but SDC(B) and ADHR1 fails due to hardware. Thus,
enter E tree and operhtor action to initiate ECCS water solid operation

| (OPECS). Many indications for plant status will be available and up to
| 8.7 hours could have elapsed before needing OPECS related actions

(because HYDRO test is done late in the outage and little decay heat
would be left). Upon entering OPECS, it is at least assumed that the
operators have diagnosed the loss of SDC and RWCU in the context of a
loss of IA and entered the IDHR ONEP and other relevant procedures.
Thus, OPECS is, entered in a way that is similar to scenarios where OPSDC
was successful and the operators have diagnosed the, loss of SDC.
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File Name: OPECSHYD. TAB

i

Initiator: TAB 39 !

Event Tree: E (from ADEP, Seq. 6, 8, from OVPR, Seq. 4,
from HYDRO, Seq. 5, from TAB 39, Seq. 7)

Human Error Events:

Mean HEPs EE Code #

OPECS 0.035 5 HEP 6

OP1SV 0.112 10 HEP 7

OPHIS 0 HEP 8
,

OPMSV 1 HEP 9

In this scenario, in HYDRO when TAB 39 initiator occurs. RWCU is lost. No
LOSP. The SRVs open on safety setpoint and fail to close (SAFEC).
Depressurization occurs. In ADEP tree either SDCUI fails (8.7 hours for
this event) because the operators fail to accomplish the necessary steps
to initiate ADHRS (in 8.7 HRS.) or SDCUI succeeds, but ADHR1 fails due
to hardware. Thus, enter E tree and operator action to initiate ECCS
water solid operation (OPECS). Many indications for plant status will be
available and up to 8.7 hours could have elapsed before needing OPECS
related actions (because HYDRO test is done late in the outage and
little decay heat would be left). Upon entering OPECS, it is at least
cesumed that the operators have diagnosed the loss of SDC and RWCU in
the context of a loss of the available AC bus and entered the IDHR ONEP
and other relevant procedures (loss of AC Power). Thus, OPECS is entered
in a way that is similar to scenarios where OPSDC was successful and the
operators have diagnosed the loss of SDC. These values are conservative
given the preceeding 8.7 hours, but with such low decay heat levels, the
operators may not be very concerned.

Since the OPECS actions in this case demand the use of HPCS, OPHIS
(operator action to initiate HPCS) will be 0 (success) if OPECS is j

cuccessful. )
l

|

|
1
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File Name: OPECSHYD.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: E (from L, Seq. 32, 48, from ADEP, Seq. 3,

from OVPR, Seq. 4, from HYDRO, Seq. 5,

from TIAF16 or TIAF40 or TIAF93, Seq. 33)

Human Error Events:

Mean HEPs EE Code #

OPECS 0.059 10 HEP 50

OP1SV 0.112 10 HEP 51

OPHIS 1 HEP 8

OPMSV 1 HEP 9

In this scenario, the operators are conducting a HYDRO test when a loss
of IA occurs. RWCU isolates and CRD is lost. The SRVs open on safety
setpoint and fail to close (SAFEC). Depressurization occurs. The
operators take the necessary steps to initiate SDC(B) (SDCUI succeeds,
8.7 hours for this event). In the L tree, the operators fail to
recognize a potential disconnect between core and downcomer which
results in inadequate circulation and fail to provide level control
(OPDHR fails in the 10 minutes allowed). The operators have an
additional 23 min. in OPECS to detect and respond to the loss of SDC and
additional indicators would become available. Periodic checks of the
chart recorders for increases in temperature and pressure would be due
during the time for OPECS. The operators must diagnose the need to
initiate ECCS water solid operation. OPECS in this scenario is entered
in a way that is similar to scenarios where OPSDC was successful and
SDC(B) was initiated. LPCI(C) is assumed the system of choice, so OPHIS
(initiation of HPCS) is set to fail (1.0).

i

|

|
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File Name: OPECSLEA.TIA

Initiator: TIAF16 or TIAF40 or TIAF93
)
i

Eysnt Tree: EA (from LA, Seq. 32, 48, from TIAF16 or TIAF40 or TIAF93, '

Seq. 18)

i

EAP (from LAP, Seq. 8, 15, from TIAF16 or TIAF40 or TIAF93, '

Seq. 22)

Human Error Events:
I

ligan HEPs EE Code # l

OPECS 0.059 10 HEP 50

OPMSV 1.0 HEP 9

OP1SV 0.112 10 HEP 51

OPHIS 1.0 HEP 8

* OPISA 0 HEP 81

The initiator is a loss of IA. In some sequences, a LOSP also occurs at
some point. The operators diagnose the loss of ADHR (OPSDC succeeds) and
successfully align and start SDC(B). Forced recirculation and RWCU are
lost. RWCU auto-isolates. In some sequences, CRD is also lost. The
operators initially fail to recognize the disconnect between the core
and the downcomer resulting in inadequate recirculation and fail to
control letdown and makeup (OPDHR fails). The operators have an
additional 23 min. in OPECS to detect and respond to the loss of SDC and
additional indicators would become available. Periodic checks of the
chart recorders for increases in temperature and pressure would be due
during the time for OPECS. The operators must diagnose the need to
initiate ECCS water solid operation. ADHR has been isolated.

* OPISA is completely dependent on OPECS. If OPECS is successful,
OPISA = 0 (success).
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File Name: OPECSLP8.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: EP (from LP, Seq. 8, 15, from TIAF16 or TIAF40 or TIAF93,
Seq. 7)

Human Error Events:

Mean HEPs EE Code #

OPECS 0.138 10 HEP 18
|

OP1SV 0.302 10 HEP 106

OPHIS 1.0 HEP 8

OPMSV 1.0 HEP 9

A loss of IA is the initiator. At some point a LOSP also occurs, but the
diesels start and load (DIV 1/2 succees). SDC(B) contiunes to run. CRD,
RWCU, and forced recirculation is lost. With loss of makeup (CRD) and
forced recirculation, the potential for a disconnect between the core
and the downcomer regions of the core arises. With inadequate level or
recirculation, a " functional" loss of SDC to the core can occur. OPDHR
is the the operator action to diagnose the functional loss of SDC and
initiate level control. In these sequences, OPDHR has failed. That is,
the operators fail to diagnose the disconnect between the core and the
downcomer and the resulting functional loss of SDC in the 10 minutes
allowed for OPDHR. However, at this point some additional indicators
would be coming available and the operators should notice increases in
pressure and temperature on chart recorders per periodic checks
(required every 30 minutes). Operators must diagnose the need to
ihitiate ECCS water solid operation.

i

i

I
,

i
|
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File Name: OPECSNL4.FLD

Initiator: RWC74

Event Tree: E (from RRW, Seq. 32, from RWC74, Seq. 2)

Human Error Events:

Mean HEPs EE Code #
l
i
|

OPECS 0.138 10 HEP 18

OP1SV 0.302 10 HEP 106

OPHIS 1.0 HEP 8

OPMSV 1.0 HEP 9

In this scenario, a break in the RWCU line occurs. The operators
successfully isolate RWCU and the break. However, they initially fail to
bring level back up (OPLEC fails). SDC(B) continues to run. If it is
conservatively assumed that forced recrirculation is lost or that they
were not on forced recirculation, then without addition &l level a
disconnect betweeen the core and the downcomer will occur with a l

resulting " functional" loss of SDC. While changes in temperature may be
subtle because the water in the downcomer continues to be cooled, the
operators should notice increases in pressure per periodic checks
(required every 30 minutes). Moreover, with the additional time in the
given context, they should at least realize the need to restore level
and enter the IDHR ONEP. The operators must diagnose the need to
initiate ECCS water soild operation.
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File Name: OPECSNL6.FLD

Initiator: RWC26

Event Tree: E (from RRW, Seq. 32, from RWC26, Seq. 2)

Human Error Events:

Mean HEPs EE Code #

OPECS 0.138 10 HEP 18

OP1SV 0.302 10 HEP 106

OPHIS 1.0 HEP 8
i

i OPMSV 1.0 HEP 9
l

i
!

I In this scenario, a break in the RWCU line occurs. The operators
| successfully isolate RWCU and the break. However, they initially fail to
'

bring level back up (OPLEC fails). SDC(B) continues to run. If it is
conservatively assumed that forced recrirculation is lost or that they
were not on forced recirculation, then without additional level a
disconnect betweeen the core and the downcomer wil) occur with a
resulting " functional" loss of SDC. While changes in temperature may be
subtle because the water in the downcomer continues to be cooled, the
operators should notice increases in pressure per periodic checks
(required every 30 minutes) . Moreover, with the additional time in the
given context, they should at least realize the need to restore level
and enter the IDHR ONEP. The operators must diagnose the need to
initiate ECCS water soild operation.

|

NUREG/CR-6143 G-478 vol, 4



._

llRA

File Name: OPECSNL6.FLD

Initiator: RWC26 ,

)
Event Tree: E (from RRW, Seq. 32, from RWC26, Seq. 2)

,

Human Error Events:

Mean HEPs EE gode#

OPECS 0.138 10 HEP 18

OP1SV 0.302 10 HEP 106

OPHIS 1.0 HEP 8

OPMSV 1.0 HEP 9

In this scenario, a break in the RWCU line occurs. The operators i

successfully isolate RWCU and the break. However, they initially fail to
'

bring level back up (OPLEC fails). SDC(B) continues to run. If it ir
conservatively assumed that forced recrirculation is lost or that they
were not on forced recirculation, then without additional level a
disconnect betweeen the core and the downcomer will occur with a
resulting " functional" loss of SDC. While changes in temperature may be
subtle because the water in the downcomer continues to be cooled, the
operators should notice increases in pressure per periodic checks
(required every 30 minutes). Moreover, with the additional time in the
given context, they should at least realize the need to restore level
and enter tha IDHR ONEP. The operators must diagnose the need to
initiate ECCS water soild operation.
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File Name: OPECSP.TIO

Initiator: TIOPF65

Event Tree: E (from AISD, Seq. 1, from TIOPF65, Seq. 4)

EA (from AIAD, Seq. 2, from TIOPF65, Seq. 9)

Human Error Events:

Mean HEPs EE Code #

OPECS 0.023 5 HEP 79

OP1SV 0.11 10 HEP 80

OPHIS 1 HEP 8

* OPMSV

TIOPF65 initiator, which is a mismatch between letdown and makeup
potentially leading to over-pressurization. Operators fail to
successfully control letdown and makeup (LCMK fails). Later in the
scenario SDC isolates on high pressure. Pump trip alarm would occur and
level 7 and 8 alarms would sound if haven't already. Pressure would be
up. Operators will have entered IDHR ONEP. Will need to stop makeup
(CRD), start LPCI, and perform related OPECS actions for initiating ECCS
water solid operation. In the EA tree, OPISA must succeed because ADHR
auto-isolates.

* Since the vessel would not pressurize with the MSIVs open, ISMSV
must be closed and OPMSV will not be asked.

!
|

|

l

.

l

!

t

1

i
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File Name: OPECSR26.FLD

Initiator: RWC26

Event Tree: E (from RWC26, Seq. 4)

Human Error Events:

Mean HEPs EE Code #

OPECS 0.035 5 HEP 6

OP1SV 0.112 10 HEP 7

OPHIS 1 HEP 8

OPMSV 1 HEP 9

The initiator is a break in the RWCU line. Depending on where the break
is located in the line, the GPM lost will vary, as will the amount of
time the operators have to respond. OPDHR is this case is the operator
action to isolate letdown (RWCU) before level 3 is reached, which
results in SDC auto-isolating. In these sequences, OPDHR fails and SDC
laolates on level 3 and RWCU auto-isolates on level 2. The operators
recognize the loss of SDC (OPSDC succeeds).
OPECS is the operator action to initiate ECCS water solid operation as
indicated by the IDHR ONEP. LPCI(C) or (B) and HPCS are available for
ECCS. At this point, credit is taken for LPCI only, so OPHIS is set to
1.0.
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File Name: OPECSR74.FLD

Initiator: RWC74

Event Tree: E (from RWC74, Seq. 4)

Human Error Events:

Mean HEPs EE Code #

OPECS 0.035 5 HEP 6

OP1SV O.112 10 HEP 7

OPHIS 1 HEP 8

OPMSV 1 HEP 9

The initiator is a break in the RWCU line. Depending on where the break
is located in the line, the GPM lost will vary, as will the amount of
time the operators have to respond. OPDHR is this case is the operator
action to isolate letdown (RWCU) before level 3 is reached, which
results in SDC' auto-isolating. In these sequences, OPDHR fails and SDC
isolates on level 3 and RWCU auto-isolates on level 2. The operators
recognize the loss of SDC (OPSDC succeeds).
OPECS is the operator action to initiate ECCS water solid operation as
indicated by the IDHR ONEP. LPCI(C) or (B) and HPCS are available for
ECCS. At this point, credit is taken for LPCI only, so OPHIS is set to
1.0.
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i
i

File Name: OPECSRTE.E2D

Initiator: E2DF93

Event Tree: EA. (from RA, Seq. 28, from LA Seq. 31, 37, 47,
from E2DF93, Seq. 4)

Human Error Events:
|

Mean HEPg EE Code # |

OPECS 0.035 5 HEP 6
,

OP1SV 0.112 10 HEP 7

OPHIS 0 HEP 8

OPMSV 1 HEP 9

In this loss of ADHR scenario, OPSDC has succeeded and SDC(B) was ;

started. CRD fails. OPDHR succeeds and CDS initiation is attempted, so !

operators are aware of the need for level control. Appropriate ONEP has
been entered (IDHR ONEP). RWCU has been isolated. CDS fails. Level
control with ECCS (OPLEC in R tree) fails because time available was
spent in OPDHR initiating CDS and because procedures do not cleary call
for ECC3 injection in conjunction with SDC. In OPECS, HPCS is assumed
the system of choice for ECCS water solid because LPCI(C) is assumed
unavailable from the loss of and "non-restorability" of ADHRS and
because RHR(B) is aligned for SDC. Operators need only initiate HPCS ,

from the control room and perform the related OPECS actions. OPHIS must !

be set equal to O (success) if OPECS succeeds.

|

9
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File Name: 'OPECSSDC.E2B

Initiator: E2BF20

Event Tree: E (from E2BF20, Seq. 5)

EP (from E2BF20, Seq, 8)

Human Error Eve,nts:

Mean HEPa EE Code # !

OPECS 0.035 5 HEP 6 I

OP1SV 0.112 10 HEP 7

OPHIS 1 HEP 8

OPMSV 1 HEP 9 i-

!

In this scenario, SDC(B) fails along with all of train B RHR. OPSDC has '

succeeded and appropriate ONEP has been entered prior to start of OPECS.
That is, the operators have diagnosed the loss of SDC(B), and entered
the IDHR.ONEP. In this scenario the operators do not attempt to restore .

SDC(B) (the initiator is more than just an isolation), the system has ,'

failed. Either there was no LOSP or DV1-2 was successful. The ONEP
directs the operators to go ECCS water solid. LPCI(C) and HPCS are
available for ECCS. At this point, credit is taken for LPCI only, so
OPHIS is set to 1.0.

'
.

!

!

t

!

.

i

!

!
$

|
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I
File Name: OPECSSDC. TAB

,

Initiator: TAB 39

Event Tree: E (from SDC, Seq. 3, from TAB 39, Seq. 3)

Human Error Events:

Mean HEPs EE Code #

OPECS 0.035 5 HEP 6
|

OP1SV 0.112 10 HEP 7 I

OPHIS 0 HEP 8

OPMSV 1 HEP 9
i

In this scenario, OPSDC has succeeded and the appropriate ONEPs have
been entered prior to OPECS. That is, the control room has diagnosed the
loss of SDC in the context of a loss of the available AC bus and entered
the I:3R ONEP. With no DV1-2, HPCS_is the system available for ECCS ;

water solid operation, rather than LPCI(C).
_]

Since OPECs in this case requires the use of HPCS, OPHIS must be set to
0.(success) when OPECS succeeds.

I
,

!
I

l

|

|

I
i

|

|
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File Name: OPECSSDC.TIO

Initiator: TIOPF65

Event Tree: E (from SDC, Seq. 3, from TIOPF65, Seq. 2).
!

EP (from SDC, Seq. 7, from TIOPF65, Seq. 2)
,

Human Error Events:
i

Mean HEPs EZ Code # *

i
'OPECS 0.035 5 HEP 6
.

OP1SV 0.112 10 HEP 7

OPHIS 1 HEP 8

OPMSV 1 HEP 9 !

TIOPF65 initiator, which is a mismatch between letdown and makeup
potentially leading to over-pressurization. Operators successfully .

'control letdown and makeup (LCMK OK). Later in the scenario, a. random
isolation of SDC(B) occurs. OPSDC has succeeded and appropriate ONEP has
been entered prior to start of OPECS. That is, operators have diagnosed >

|

| the loss of SDC(B), attempted a restart with no luck, and entered the
IDHR ONEP. By procedure they are directed to initiate ECCS water solid i

~

,

| operation.

|

r
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File Name: OPFLD.E2B

Initiator: E2BF20

Event Tree: F (from E, Seq. 5, 10, 11, 16, 21, 22,
from E2BF20, Seq. 5, 6)

Human Error Events:

Mean HEPs EE Code #

OPFLD 1.0 HEP 33

Total loss of SDC is the initiator. OPSDC succeeds or fails, but a loss
of all RHR train B is assumed (ECSBF). No LOSP. OPECS succeeds, but
LPCI(C) fails to inject or insufficient level in SP. Only system assumed
available for continuous injection is FW. (Actually HPCS and CDS would
be available, but not used in F tree. They will be asked later. Thus, we
go to F tree for operators initiation of flooding (OPFLP). However,
O'PFLD cannot succeed in the present context because there is
insufficient time allowed to complete FW hookup. Operators only allowed
23 min. for OPFLD.

k
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File Name: OPFLD.E2B

'
Initiatort E2BF20

Event Tree: F (from E, Seq. 5, 10, 11, 16, 21, 22,
from E2BF20, Seq. 5, 6)

-

,

Human Error Events:

Mean HEPs EE Code #

OPFLD 1.0 HEP 33

Total loss of SDC is the initiator. OPSDC succeeds or fails, but a loss
of all RHR train B is assumed (ECSBF) .- No LOSP. OPECS succeeds, but
LPCI(C) fails to inject or insufficient level in SP. Only system assumed ,

available for continuous' injection is FW. (Actually HPCS and CDS would
be available, but not used in F tree. They will be asked later. Thus, we
go to F tree for operators initiation of flooding (OPFLD). However,
OPFLD cannot succeed in the present context because there is
' insufficient time allowed to complete FW hookup. Operators only allowed
23 min. for OPFLD.

,

a-

.

>
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File Name: OPFLD.T5A |

1

Initiator: T5AF19

Event Tree: FX (from T5AF19, Seq. 7 )

F (from E, Seq. 4, 9, 11, 15, 22, from T5AF19, Seq. 3) ;

Human Error Events:

Mean HEPs EE Code #

OPFLD 1.0 HEP 33 )
1

Loss of SSW is the initiator. In the FX scenario, a LOSP occurs and
HPCSA fails. XTIEB succeeds and OPSDC succeeds. That is, the operators
cuccessfully cross-tie the HPCS diesel and realize that SDC has been
lost. However, no systems are available for continuous injection (in any
form) except FW. Thus, we go to FX tree for the operators initiation of
flooding (OPFLD) with FW. |

In the sequences that transfer through the E tree, a LOSP has not
occurred and the operators recognize the loss of SDC. In the E tree, the

;

operators attempt to initiate ECCS water solid operation with HPCS, but '

HPCS fails or there is insufficient level in the SP.
Transfer to F tree for vessel / containment flooding with FW. SSWXT
unavailable.

However, the operator action to initiate flooding (OPFLD) cannot succeed
in these sequences because there is insufficient time allowed to
complete the FW hookup. OPFLD only allowed 23 min. l

|
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File Name: OPFLD.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: F (from E, Seq. 5, 10, 11, 16, 21, 22,
from TIAF16 or TIAF40 or TIAF93, Seq. 5)

F (from E, Seq. 5, 10, 11, 16, 21, 22,
from L, Seq. 32, 48, from TIAF16 or TIAF40 or TIAF93,

Seq. 3)

F (from EA, Seq. 5, 10, 11, from TIAF16 or TIAF40 or
TIAF93, Seq 20)

F (from R, Seq. 11, 22, 27, from L, Seq. 31, 47,
from TIAF16 or TIAF40 or TIAF93, Seq. 3)

Human Error Events:

Mean HEPs IE Code #

OPFLD 0.138 10 HEP 28

* OPMSV 1.0 HEP 34

* OP1SV 0.302 10 HEP 5

A loss of IA is the initiator. SDC fails and operators recognize the
loss (OPSDC s,ucceeds) ori SDC(B) continues to run. Regardless, either
OPECS succeeds at some point or OPDHR and OPLEC succeed, but all ECCS
fails (either systems or no SP level) . The operators may decide to flood
with SSWXT.

* Use the these value only when coming from R trees. Ignore wheni
'

coming from E trees.

|
|

|

|
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File Name: OPFLD2.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: FP (from EAP, Seq. 5, 10, from LAP, Seq. 8, 15,
from TIAF16 or TIAF40 or TIAF93, Seq. 22)

F (from E, Seq. 11, from L, Seq. 32, 48,
from TIAF16 or TIAF40 or TIAF93, Seq. 18)

F (from RA, Seq. 11, 22, from LA, Seq. 31, 47,
from TIAF16 or TIAF40 or TIAF93, Seq. 18)

Human Error Events:

Mean HEPs EE Code #

OPFLD 0.138 10 HEP 28

* OPMSV 1.0 HEP 34
.

* OP1SV O.302 10 HEP 5

A loss of IA is the initiator. SDC fails and operators recognize the
loss (OPSDC succeeds) or SDC(B) continues to run. Regardless, either
OPECS succeeds at some point or OPDHR and OPLEC succeed, but all ECCS
fails (either systems or no SP level) . The operators may decide to flood
with SSWXT.

* Use the these value only when coming from R trees. Ignore when
coming from E trees.
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File Name: OPFLDE.E2D

Initiator: E2DF93

Event Tree: F (from EA, Seq. 4, 9, from E2DF93, Seq. 6) +

Human Error Events:

Mean HEPs EE Code #

OPFLD 0.138 10 HEP 28

Isolation of ADH is the initiator. No LOSP. OPSDC succeeds. Operators l

attempt to start SDC(B) , but it fails. OPECS succeeds. The operators
initiate HPCS (all LPCI assumed unavailable), but HPCS fails to start.
The operators must diagnose the need for flooding and inject with SSWXT.

P

i

.
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File Name: OPFLDE.TIO |

Initiator: TIOPF65

Event Tree: F (from E, Seq. 5, 10, from SDC, Seq. 3,
from TIOPF65, Seq. 2)

Human Error Events:

Mean HEPs EE Code #

OPFLD 0.138 10 HEP 28

l

Mismatch between letdown and makeup initiator. Operators successfully
attempt to control level. SDC(B) fails to continue to run. No LOSP.
OPSDC succeeds and operators recognize loss of SDC(B) but it fails to
restart. OPECS succeeds, but LPCI fails to operate on demand. Operators j

.Eust diagnose the need to flood vessel / containment with SSWXT.

1

)

.
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File Name: OPFLDE2.E2D

Initiator: E2DE93

Event Tree: F (from EA, Seq. 4, 9, from LA, Seq. 38,
from E2DF93, Seq. 4)

F (from EA, Seq. 4, 9, from R, Seq. 28,
from LA, Seq. 37, from E2DF93, Seq. 4)

Human Error Events:

Mean HEPg EE Code #

OPFLD 0.138 10 HEP 28

A complete loss of ADHR is the initiator. No LOSP. SDC(B) is started,
but the operators fail to control level after a loss of CRD or they
attempt to control level with CRD and it failed. Eventually, the
operators attempt to initiate ECCS water solid operation (OPECS
succeeds), but HPCS fails to start (LPCI(C) unavailable due to the
initiator. The operators have the option of flooding the
vessel / containment with SSWXT.
MSIVs are closed.

I
i

|

|
|
|

|

|
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File Name: OPFLDE2.J2

Initiator: J2F48

' Event Tree: F (from E, Seq. 5, 10, 11, 22,
from ASISJ, Seq. 1, from J2F48, Seq.2)

F (from E, Seq. 5, 10, 11, from ASISJ, Seq. 6,
from J2F48, Seq. 2)

Human Error Events:

Mean HEPs EE Code #

OPFLD 0.138 10 HEP 28

A break in the SDC line outside containment is the initiator. The break
.is isolated with closure of MV 8 or MV 9. SDC and RHR(B) train is lost.Isolation of 8\9 valves occurs with level 3 signal. If a LOSP occurs,
the diesels start and load (DV1-2 OK) . The operators attempt tx) initiate
ECCS water solid operation per'the IDHR ONEP (OPECS succeeds). However,
either the SP level is too low or LPCI fails to operate on demand.
Operators must diagnose the need to flood vessel / containment with SSWXT.
MSIVs are closed..

|

1

|
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File Name: OPFLDF. TAB

Initiator: TAB

Event Tree: F (from EA, Seqs. 4, 9, 11, from ADH, Seq. 4,

from TAB 39, Seq. 5)

F (from E, Seqs. 4, 9, 15, 16, 20, 21,
from SDC, Seq. 3, from TAB 39, Seq. 3)

Human Error Events:

Mean HEPs EE Code # j

OPFLD 1.0 HEP 33

A loss of AC bus is the initiator. OPSDC either succeeds or fails and
OPECS succeeds, but all ECCS fails (either the systems or no SP level).
SSWXT is unavailable, but the operators have the option of flooding with
FW. However, there is insufficient time available for aligning FW in
OPFLD. Thus, OPFLD set to 1.0 (failure).

I

!

l
,

|
|

|

|
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File Name: OPFLDP.TIA

Initiator: TIAF16 or TIAF40 or TIAF93 j

Event Tree: FP (from EP, Seq. 11, from TIAF16 or TIAF40 or TIAF93, Seq.
9) )

!
Human Error Events:

Mean HEPs EE Code #

OPFLD 0.138 10 HEP 28 ,

A loss of IA is the initiator. OPSDC succeeds and OPECS suceeds. The
operators attempt to go ECCS water solid, but all ECCS fails (either
systems or no SP level). The operators have the option of flooding with ;

SSWXT.

I
l

|

;

|
l

l

I

|
1
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File Name: OPICT.E2B

Initiator: E2BF20

Event Tree: EC (from E, Seq. 2, 7, 13, 18,
from E2BF20, Seq. 5, 6,)

ECP (from EP, Seq. 2, 7, 13, 18, ;

from E2BF20, Seq. 8, 9)

Human Error Events:

Mean HEPs EF Code /

* OPICT 1.0 HEP 71

** OPVNT 0.011 or 1 5 HEP 25

OPSPM 0.011 5 HEP 26

SPMKP 0.032 5 HEP 27

Loss of SDC(B) is the initiator. If a LOSP occurs, DV1-2 OK. OPSDC
succeeds or fails, but no SDC system. OPECS succeeds. Operators go water
solid with LPCI(C). SPC and CS are assumed to fail. The operators will
need to provide makeup to SP (OPSPM) and makeup to SPMU (or SP).
** Can vent only if IA and both trains of power are available. If

sequence has LOSP or loss of IA or loss of AC bus, OPVNT = 1. For
the above sequences, venting is possible only when E2BF20 sequences
5 and 6 are used (NO LOSP).

* No time to close containment if open.

|

!

I
t
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i

File Name: OPICT.E2D |
|

Initiator: E2DF93

Event Tree: EC (from EA, Seq. 3, 8, from E2DF93,
Seq. 6)

ECP (from EAP, Seq. 3, 8, from E2DF93,
Seq. 10)

Human Error Events:

Mean HEPs EE Code #

#* OPICT 1.0 HEP 71
;

** OPVNT 0.011 or 1 5 HEP 25
,

t

OPSPM 0.011 5 HEP 26

SPMKP 0.032 5 HEP 27
,.

Loss of ADHR is the initiator. If a LOSP occurs, DV1-2 OK. OPSDC
succeeds. SDC(B) fails, resulting in no SDC. OPECS succeeds. The ,

operators go water solid with HPCS. Given failures of ADHR and SDC(B), '

LPCI is assumed to be unavailable. SPC and CS are assumed to fail. The
operators will need to provide makeup to the SP (OPSPM) and makeup to
SPMU (or SP). j

** Can vent only if IA and both trains of power are available. If
sequence has LOSP or loss of IA or loss of AC bus, OPVNT = 1. For
the above sequences, venting is possible only when E1DSH sequence
6 is used (NO LOSP).

* No time to close containment if open.

Vol. 4 G-499 NUREG/CR-6143
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HRA

File Name: OPICT.T5A
i

Initiator: T5AF19

Event Tree: EC (from E, Seq. 3, 8, 14, 19,
from T5AF19 Seq. 3, 4, 12, 13)

:

Human Error Events:

Mean HEPs EE Code #
'

OPICT 1.0 HEP 71

OPVNT 0.011 5 HEP 25

OPSPM 0.011 5 HEP 26

SPMKP 0.032 5 HEP 27 >

Loss of SSW is the initiator. SDC(B) is lost and OPSDC succeeds or
fails. The opetators go water solid with HPCS (OPECS pucceeds). SPC and
CS fail. The operators will need to provide makeup to SP (OPSPM) and
makeup to SPMU or the SP (SPMKP).

1

|

|

|

|
'

|

|

|

| NUREG/CR-6143 c.500 yot, 4
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HRA

File Name: OPICT. TAB

Initiator: TAB

Event Tree: EC (from E, Seq. 3, 14, 19, from SDC, Seq. 3,
from TAB 39, Seq.3)

EC (from E, Seq. 3, 8, from SDC, Seq. 4,
from TAB 39, Seq. 3)

EC (from E, Seq. 3, 8, 14, 19, from ADH, Seq. 4,
from TAB 39, Seq. 5.

Human Error Events:

Mean IIIP_a EE Code #

OPICT 1.0 HEP 71

OPVNT 1.0 HEP 25

OPSPM 0.011 5 HEP 26
|

SPMKP 0.032 5 HEP 27

Loss of AC bus' is the initiator. SDC is lost and OPSDC succeeds or
fails. The operators initiate ECCS water solid operation with HPCS
(OPECS succeeds). SPC and CS fail. With no SPC or CS and water solid
with HPCS, the operators will need to provide makeup to the SP (OPSPM)
The operators also may need to provide additional makeup (SPMKP) to SPMU
or the SP.

Vol. 4 G-501 NUREG/CR-6143
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File Name: OPICT.TIA

Initiator: TIAF16 or TIAF40 or TIAF93
'

Event Tree: EC (from E, Seq. 2, 7, 13, 18, from TIAF16 or TIAF40 or
TIAF93, Seq. 5)

!

EC (from EA, Seq. 2, 7, from TIAF16 or,TIAF40 or TIAF93, i

Seq. 20)

EC (from E, Seq. 2, 7, 13, 18, from L, Seq. 32, 48,
from TIAF16 or TIAF40 or TIAF93, Seq. 3)

EC (from EA, Seq. 2, 7, 13, 18, from L, Seq. 32, 48, i
"

from TIAF16 or TIAF40 or TIAF93, Seq. 18)

Human Error Events:
>

Mean HEPs EE Code #

OPICT 1.0 HEP 71

OPVNT 1.0 HEP 25

OPSPM 0.011 5 HEP 26

SPMKP 0.032 5 HEP 27

Loss of IA is the initiator. SDC is either lost, continues to run, or is
' restablished. If SDC works, the operators fail to control level (OPDHR

fails). Regardless, the operators eventually realize the need to
initiate ECCS water solid operation with LPCI(C) (OPECS succeeds).,

|
SPC and CS fail. With no SPC or CS and water solid with LPCI, the,

| operators will need to provide makeup to SP with SPMU (OPSPM). The
! operatorss will also need to provide additional makeup (SPMKP) to SPMU

or directly to the SP).

Assumed cannot vent because of loss of IA. Need both Divs. of power and
IA to vent.

|
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b

P

a ,, < . :.- , - - - , . - - -



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

HRA

File Name: OPICT2.E2D

Initiator: E2DF93

Event Tree: EC (from EA, Seq. 3, 8, from LA, Seq. 5, 32, 38, 48,
from E2DF93, Seq. 4)

EC (from EA, Seq. 3, 8, from RA, Seq. 28,
from LA, Seq. 31, 37, 47, from E2DF93, Seq. 4)

Human Error Events:

Mean HEPs EE Code #

* OPICT 1.0 HEP 71

** OPVNT 0.011 5 HEP 25

OPSPM O.011 5 HEP 26 )
'|

SPMKP 0.032 5 HEP 27 !

A complete loss of ADHR'is the initiator. SDC(B) is started. CRD is
lost. The operators attempt to control level with CDS, but it is

i
unavailable or fails or they initially fail to control level. OPLEC j
fails. OPECS succeeds--water solid with HPCS (LPCI(C) unavailable due to
initiator). SPC and CS are assumed to fail. The operators will need to
provide makeup to SP (OPSPM) and makeup to SPMU (or SP).

No time to close containment if open.*

** Can vent only if IA and both trains of power are available. If
sequence has LOSP or loss of IA or loss of AC bus, OPVNT == 1.

|

i

i

i
!

!

|

!
!

!
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File Name: OPICT274.FLD

Initiator: RWC74

Event Tree: EC (from E, Seq. 2, 7, from RRW Seq. 32,
from RWC74, Seq. 2)

Human Error Events:

Mean HEPs EE Code #

OPICT 1.0 HEP 71

OPVNT 0.011 5 HEP 25

OPSPM 'O.011 5 HEP 26

SPMKP 0.032 5 HEP 27

The initiator is a break in the RWCU line. Depending on where the break
is located in the line, the GPM lost will vary, as will the amount of
time the operators have to respond. OPDHR1 is this case is the operator
action to isolate letdown (RWCU) before level 3 is reached and SDC auto-
isolates. In these sequences, OPDHR1 succeeds. The operators initially
fail to bring level back up (OPLEC fails), but eventually the operators
successfully initiate ECCS water solid operation with LPCI(C) (OPECS
succeeds). The operators will need to vent to remove heat buildup in

| containment (OPVNT) if possible and provide makeup to SP (OPSPM) and

| makeup to SPMU or SP (SPMKP).
1

! Can vent only if IA and both trains of power are available. If sequence
has LOSP or loss of IA or loss of AC bus, OPVNT = 1. Insufficient time
is available to close containment, if it is open.

1
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File Name: OPICTE26.FLD

Initiator: RWC26
s

Event Tree: EC (from E, Seq. 2, 7, from RRW Seq. 32,
from RWC26, Seq. 2)

Human Error Events:

Mean HEPs EE Code #

OPICT 1.0 HEP 71

OPVNT 0.011 5 HEP 25

OPSPM 0.011 5 HEP 26

SPMKP 0.032 5 HEP 27

The initiator is a break in the RWCU line. Depending on where the break |

is located in the line, the GPM lost will vary, as will the amount of
time the operators have to respond. OPDHR1 is this case is the operator
action to isolate letdown (RWCU) before level 3 is reached and SDC auto- |

isolates. In these sequences, OPDHR1 succeeds. The operators initially |
fail to bring level back up (OPLEC fails), but eventually the operators

,'

successfully initiate ECCS water solid operation with LPCI(C) (OPECS
aucceeds). The operators will need to vent to remove heat buildup in |
containment (OPVNT) if possible and provide makeup to SP (OPSPM) and
makeup to SPMU or SP (SPMKP).

Can vent only if IA and both trains of power are available. If sequence
has LOSP or loss of IA or loss of AC bus, OPVNT = 1. Insufficient time
la available to close containment, if it is open.

-
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File Name: OPICTE74.FLD

Initiator: RWC74 |

I

Event Tree: EC (from E, Seq. 2, 7, from RWC74, Seq. 4)

Human Error Events:

Mean HEPs EE Code # )
|

OPICT 1.0 HEP 71 |

|

OPVNT 0.011 5 HEP 25

OPSPM 0.011 5 HEP 26

SPMKP 0.032 5 HEP 27

The initiator is a break in the RWCU line. Depending on where the break
is located in the line, the GPM lost will vary, as will the amount of
time the operators have to respond. OPDHR1 is this case is the operator
action to isolate letdown (RWCU) before level 3 is reached, which
results in SDC auto-isolating. In these sequences, OPDHR1 fails and SDC
isolates on level 3 and RWCU auto-isolates on level 2. The operators
recognize the loss of SDC (OPSDC succeeds). The operators diagnose the
loss of SDC (OPSDC succeeds). The operators successfully initiate ECCS
water solid operation with LPCI(C) (OPECS succeeds) . The operators will
need to vent to remove heat buildup in containment (OPVNT) if possible
and provide makeup to SP (OPSPM) and makeup to SPMU or SP (SPMKP).

Can vent only if IA and both trains of power are available. If sequence
has LOSP or loss of IA or loss of AC bus, OPVNT = 1. Insufficient time
is available to close containment, if it is open.

I
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I

' File Name: OPICTE.J2
|

Initiator: J2F48 |

Evant Tree: EC (from E, Seq. 2, 7, from ASISJ, Seq. 1, ;

from J2F48, Seq. 2) |

I
l

|

Human Error Events: |

|
|Mean HEEg EE Code #

* OPICT 1.0 HEP 71

'* OPVNT 0.011 5 HEP 25<

OPSPM 0.011 5 HEP 26 j

!

SPMKP 0.032 5 HEP 27 |

A break in the SDC line outside containment is the initiator. The break
is isolated with closure of MV 8 or MV 9. SDC and RHR(B) train is lost.
Isolation of 8\9 valves occurs with level 3 signal. OPECS succeeds--
water solid with LPCI(C). Since no LOSP and no loss of IA, venting is
possible. Operators will need to provide makeup to SP (OPSPM) and makeup
to SPMU or SP (SPMKP).

** Can vent only if IA and both trains of power are available. If
sequence has LOSP or loss of IA or loss of AC bus, OPVNT = 1.

* No time to close containment if open.

Vol. 4 G-507 NUREG/CR-6143
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File Name: OPICTE.TIO

Initiator: TIOPF65

Event Tree: EC (from E, Seq. 2, 7, from SDC, Seq. 3,

from TIOPF65, Seq. 2)

Human Error Events:

lig3n HEPJi! EE Code #
~

OPICT 1.0 HEP 71

OPVNT 0.011 5 HEP 25

OPSPM 0.011 5 HEP 26

SPMKP 0.032 5 HEP 27

Mismatch between letdown and makeup initiator. SDC(B) fails to continue
to run. OPSDC succeeds. OPECS succeeds--water solid with LPCI(C) . SPC
and CS are assumed.to fail. Operators will need to vent to remove heat
buildup in containment (OPVNT) and provide makeup to SP (OPSPM) and
makeup to SPMU or SP (SPMKP).

Can vent only if IA and both trains of power are available. If sequence-
has LOSP or loss of IA or loss of AC bus, OPVNT = 1. Insufficient time
is available to close containment if it is open.
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File Name', OPICTE2.J2

Initiator: J2 F.4 8
Event Tree: EC (from E, Seq. 2, 7, 13, 18, from ASISJ, Seq. 1,

from J2F48, Seq. 2)

EC (from E, Seq. 2, 7, 13, 18, from ASISJ, Seq. 6,

from J2F48, Seq. 2)

ECP (from EP, Seq. 2, 7, from A5ISJ, Seq. 2,
from J2F48, Seq. 2)

Human Error Events:

Mean HEPs EE Code #

* OPICT 1.0 HEP 71

** OPVNT 1.0 or 0.011 5 HEP 25

OPSPM 0.011 5 HEP 26

SPMKP 0.032 5 HEP 27

A break in the SDC line outside containment is the initiator. The break
is isolated with closure of MV 8 or MV 9. SDC and RHR(B) train is lost.
Isolation of 8\9 valves occurs with level 3 signal. OPECS succeeds--
water solid with LPCI(C). If a LOSP occurs, the diesels start and load
(DV1-2 OK) . Operators will need to vent, if possible, and provide makeup
to SP (OPSPM) and makeup to SPMU or SP (SPMKP).

** Can vent only if IA and both trains of power are available. If
sequence has LOSP or loss of IA or loss of AC bus, OPVNT = 1.

* No time to close containment if open.
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File Name: OPICTE2.TIO

Initiator: TIOPF65

Event Tree: EC (from EA, Seq. 2, 7, from ADH, Seq. 2,
from TIOPF65, Seq. 9)

EC (from E, Seq. 2, 7, from AISD, Seq. 1,

from TIOPF65, Seq. 4)

|
Human Error Events:

Mean HEPs EE Code #

OPICT 1.0 HEP 71

OPVNT 0.011 5 HEP 25

OPSPM 0.011 5 HEP 26

SPMKP 0.032 5 HEP 27

Mismatch between letdown and makeup initiator. Operators fail to control
level (LCMK) and SDC(B) or ADHR isolates on high pressure. OPECS
succeeds--water solid with LPCI(C). SPC and CS are assumed to fail.
Operators will need to vent to remove heat buildup in containment and
provide makeup to SP (OPSPM) and makeup to SPMU or SP (SPMKP).I

Can vent only if IA and both trains of power are available. If sequence
has LOSP or loss of IA or loss of AC bus, OPVNT = 1. Insufficient time
is available to close con,tainment if it is open.

;

t
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HRA

File Name: OPICTEC2.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: ECP ( f rott EP, Seq. 2, 7, from LP, Seq. 8, 15,
from TIAF16 or TIAF40 or TIAF93, Seq. 7)

ECP (from EAP, Seq. 2, 7, from LAP, Seq. 8, 15, I
from TIAF16 or TIAF40 or TIAF93, Seq. 22)

EC (from EA, Seq. 2, 7, 13, 18, from LA, Seq. 32, 48,
from TIAF16 or TIAF40 or TIAF93, Seq. 18)

Human Error Events:
I

Mean HEPs EE Code # |

i

OPICT 1.0 HEP 71

OPVNT 1.0 HEP 25

OPSPM 0.011 5 HEP 26

SPMKP 0.032 5 HEP 27
;

i
;A loss of IA is the initiator. If at some point a LOSP also occurs, the

diesels start and load (DV1-2 OK). SDC(B) runs, but the operators fail
to control level. The opertators initiate ECCS water solid operation
with LPCI (OPECS succeeds). SPC and CS fail. With no SPC or CS and water
solid with LPCI, the operators will need to provide makeup to SP
(OPSPM). They will also need to provide additional makeup (SPMKP) to
SPMU or the SP. Cannot vent.

I
|
|
|

|

1

i
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File Name: OPICTECP.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: ECP (from EP, Seq. 2, 7, from TIAF16 or TIAF40 or TIAF93,
Seq. 9

Human Error Events:

Mean HEPs EE Code #

OPICT 1.0 HEP 71

OPVNT 1.0 HEP 25

OPSPM 0.011 5 HEP 26

SPMKP 'O.032 5 HEP 27

A loss of IA is the initiator. SDC(B) is lost and OPSDC succeeds. The
opertators initiate ECCS water solid operation with LPCI (OPECS
succeeds) .SPC and CS fail. With no SPC or CS and water solid with LPCI,
the operators will need to provide makeup to SP (OPSPM). They will also
need to provide additional makeup (SPMKP) to SPMU or the SP.

NUREG/CR4143 G-512 Vol. 4
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;

File Name OPICTFC.TIA

1

Initiator: TIAF16 or TIAF40 or TIAF93
*,

1

Event Tree: FC (from F, Seq. 1, from anywhere else)

Human Error Events: ;

Mean HEPs EE Code #

,

OPICT !1. 0 HEP 71

OPVNT 0 HEP.25
,

!

IOPCMT Success HEP 73

54 hours are allowed for OPVNT and OPCMT. Since mission time is only 24
hrs., all sequences with these events can be dropped, i.e., not
analyzed.

!

!

,

P

P

;

,

i

:
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File Name: OPICTF26.FLD

Initiator: 2WC26

Event Tree: FC (from F, Seq. 1, from RARW, Seq. 13, 26,
from RWC26, Seq. 9)

Human Error Events:

Mean HEPs EE Code #

OPICT 1.0 HEP 71 I

OPVNT 0 HEP 25

OPCMT 0 HEP 73

The initiator is a break in the RWCU line. De'ending on where the break
is located in the line, the GPM lost will vary, as will the amount of
time the operators have to respond. OPDHR is this case is the operator
action to isolate letdown (RWCU) before level 3 is reached, which
results in SDC auto-isolating. In these sequences, OPDHR succeeds and
the operators isolate letdown. OPLEC is the operator action to provide
makeup with an ECCS system to bring level up to where it should be. It
was assumed that level would be " bumped" back up with an ECCS system
while CRD continued to run. OPLEC occurs concurrently in time with OPDHR
and in these sequences the operators attempt to control level, but ECCS
fails. The operators decide to flood containmemt with SSWXT and are
successful. Since power and IA are available in these sequences, venting
is possible. Operators will need to vent to remove heat build-up in
containment (OPVNT). In this scenario, operators have 54 hours to vent.
In addition, long term opening of containment (OPCMT) (if it is closed

; or venting fails), is also called for in 54 hours. Since mission time is
34 hours, failure probability for these events is set to 0.'

Insufficient time is available to close containment if it is open.

l
.

|
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File Name: OPICTHYD. TAB

Initiator: TAB 39

Event Tree: EC (from E, Seq. 3, 8,

from ADEP, Seq 6,
from OVPR, Seq. 4, from HYDRO, Seq. 5,

from TAB 39, Seq. 7)

Human Error Events:

Mean HEPs EE Codel

OPICT 1.0 HEP 71

OPVNT 1.0 HEP 25

OPSPM 0.011 5 HEP 26

SPMKP 0.032 5 HEP 27

Loss of AC bus.during HYDRO test. SRV opens on safety setpoint and fail
to close (SAFEC). Depressurization occurs. In ADEP tree SDCUI succeeds
(8.7 hours for this event). The operators take necessary steps to
initiate SDC(B) and isolate RWCU, but SDC(B) fails. Thus, enter E tree
and OPECS succeeds. The operators initiate ECCS water solid with HPCS
and at least one SRV is open. With loss of bus, venting is not possible.
SPC and CS are assumed to fail. The operators will need to provide
makeup to SP (OPSPM) and makeup to SPMU (or SP).

Vol. 4 G-515 NUREG/CR-6143



.. .. .. ..
. ..

..
. _.

..
.

.

..

.

HRA

File Name: OPICTHYD.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: EC (from E, Seq. 2, 7, 13, 18,
from L, Seq. 32, 48, from ADEP, Seq 3,
from OVPR, Seq. 4, from HYDRO, Seq. 5,

from TIAF16 or TIAF40 or TIAF93, Seq. 33)

Human Error Events:

Mean HEPs XE Code #
,-

OPICT 1.0 HEP 71
.

OPVNT 1.0 5 HEP 25

OPSPM 0.011 5 HEP 26

SPMKP 0.032 5 HEP 27

A loss of IA occurs during a HYDRO test. An SRV opens on safety setpoint
and fail to close (SAFEC) . Depressurization occurs. In ADEP tree, SDCUI
succeeds (8.7 hours for this event). The operators take necessary steps
to initiate SDC(B) and isolate RWCU. In the L tree, operators fail to
recognize potential disconnect between core and downcomer and fail to
initiate makeup (OPDHR fails). Thus, enter E tree and OPECS succeeds.
The operators go water solid with LPCI(C) and at least one SRV is open.
With the loss of IA, venting is not possible. SPC and CS are assumed to
fail. The operators will need to provide makeup to SP (OPSPM) and makeup
(SPMKP) to SPMU (or SP).

,
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File Name: OPLCRL31.TIA I

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: R'(from L, Seq 31 or 47, from TIAF16 or TIAF40 or TIAF93
S q. 3) '

RP (from LP, Seq. 7 or 14, from TIAF16 or TIAF40 or TIAF93, |
Seq. 7)

RA (from LA, Seq. 31, 47, from TIAF16 or TIAF40 or TIAF93, ,

Seq. 18) |

Human Error Events:

Mean HEPs EE Code #

OPLEC 0 HEP 23

LCHPC 0 HEP 23

LC-LP O HEP 23

A loss of IA and in some cases a LOSP. DV1-2 succeeds. RWCU auto-
isolates when power or IA is lost. CRD is gone. OPSDC succeeds and
SDC(B) runs. OPDHR succeeds and CDS is unavailable. OPLEC is completely
dependent on OPDHR which involves diagnosing the need for makeup.

It was assumed that if either HPC3 or LPCI were selected and initiated
for injection to increase level, the operators would control level. That
is, the actions are assumed to be completely dependent. If they selected
HPCS, then LCHPC will be successful. If the used LPCI, then LC-LP will
be successful. Essentially, it was assumed that if they diagnose the
need for LPCI or HPCS, they will know the injection rates and not simply
walk away.

When power or IA is lost, RWCU isolates automatically, resulting in
little drain down. Thus, the 10 min. allowed for OPDHR (and therefore
OPLEC) is very conservative. Consequently, in sequences where power or
IA is lost, credit was taken for operators initiating both LPCI and HPCS
if one of them failed to start due to hardware.
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File Name: OPLEC26.FLD

Initiator: RWC26

Event Tree: RRW (from RWC26, Seq. 2)
RAWR From RWC26, Seq. 9)

Human Error Events:

Mean HEPs EE Code #

OPLEC (27.3 min) 0.037 10 HEP 129

The initiator is a break in the RWCU line. Depending on where the break
is located in the line, the GPM lost will vary, as will the amount of
time the operators have to respond. OPDHR is this case is the operator
action to isolate letdown (RWCU) before level 3 is reached, which
results in SDC auto-isolating. In these sequences, OPDHR succeeds and
the operators isolate letdown. OPLEC is the operator action to provide
makeup with an ECCS system to bring level up to where it should be. It
was assumed that level would be " bumped" back up with an ECCS system
while CRD continued to run. OPLEC occurs concurrently in time with
OPDHR.

* At this point credit is taken only for LPCI. HPCS may be asked
later.

|
|
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File Name: OPLEC74.FLD

Initiator: RWC74

Event Tree: RRW (from RWC74, Seq. 2)
RAWR From RWC74, Seq. 9)

Human Error Events:

Mean HEPs EE Code #

OPLEC (13.3 min) 0.54 10 HEP 130
i

The initiator is a break in the RWCU line. Depending-on where the break
in located in the line, the GPM lost will vary, as will the amount of
time the operators have to respond. OPDHR is this case is the operator
action to isolate letdown (RWCU) before level 3 is reached, which
results in SDC auto-isolating. In these sequences, OPDHR succeeds and

( the operators isolate letdown. OPLEC is the operator action to provide
makeup with an ECCS system to bring level up to where it should be. It
was assumed that level would be " bumped" back up with an ECCS system
while CRD continued to run. OPLEC occurs concurrently in time with
OPDHR.

* At this point credit is taken only for LPCI. HPCS may-be asked
later.
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File Nar': OPLECH26.FLD

Initiator: RWC26

Event Tree: RWCHI (from RWC26, Seq. 17)

Human Error Events:

Mean HEPs EE Code #

OPLEC1 0.05 10 HEP 132

The initiator is a break in the RWCU line during a HYDRO test. There is
less than a minute before the vessel will drain down to level 2 and RWCU
isolates (which also isolates the break). It is assumed that the
operators will fail to stop the drain down before level 2 is reached in
the less than 1 minute time frame. HPCS should auto-start on level 2,
but in this scenario it fails. Thus, the operators need to diagnose the
need the bring level back up with LPCI. They may need to open an SRV if
pressure is still high for the use of LPCI.

,

,

t
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File Name: OPLECH74.FLD

Initiator: RWC74

Event Tree: RWCHI (from RWC74, Seq. 17)

Human Error Events:

Mean HEPs EE gode#

OPLEC1 0.05 10 HEP 132

!

The initiator is a break in the RWCU line during a HYDRO test. There is
less than a minute before the vessel will drain down to level 2 and RWCU '

isolates (which also isolates the break). It is assumed that the
operators will fail to stop the drain down before level 2 is reached in
the less than 1 minute time frame (OPDHR1 fails). HPCS should auto-start
on level 2, but in this scenario it fails. Thus, the operators need to
diagnose the need the bring level back up with LPCI. They may need to
open an SRV if pressure is still high for the use of LPCI. f

:
|

|
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File Name: OPLECR.TIO

Initiator: TIOPF65

Event Tree: R (from L, Seq. 31, 47, from SDC Seq. 1,

from TIOPF65, Seq. 2)

Human Error Events:

Mean HEPs EE Code #

OPLEC 0 HEP 23

LCHPC 0 HEP 23

LC-LP O HEP 23

Mismatch between letdown and makeup is the initiator. OPLEC is
completely dependent on OPDHR. Since RHR/SDC continues to run, ECCS will
be the logical choice for level control. Thus, if OPDHR succeeds, then
OPLEC (which is initiation of ECCS for level contol) will also succeed.
It was assumed that if either HPCS or LPCI were selected and initiated
for injection to increase level, the operators would control level. That
is, initiating and controlling level were assumed to be completely
dependent. If they selected HPCS, then LCHPC will be successful. If they
used LPCI, then LC-LP will be successful. Essentially, it was assumed
that if they diagnose the need for LPCI or HPCS, they will know the
injection rates and not simply walk away.

When power is lost, RWCU isolates automatically, resulting in little
drain down. Thus, the 10 min, allowed for OPDHR (and therefore OPLEC) is
very conservative. Consequently, in sequences where power is lost (and
other isolation of RWCU sequences) credit was taken for operators !,

initiating both LPCI and HPCS if one of them failed to start due to. |

hardware failure. ]

|
V 1

|

|
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File Name: OPLECRAP.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

|Event Tree: RAP (from LAP, Seq 7, 14, from TIAF16 or TIAF40 or TIAF93,
Ssq. 22)

Human Error Events:

Mean HEPs EE Code #

OPLEC 0 HEP 23 1

1

LCHPC 0 HEP 23

LC-LP O HEP 23

A loss of IA and at some point a LOSP. RWCU auto-isolates. CRD is gone.
.

OPSDC succeeds and SDC(B) runs. OPDHR succeeds and CDS is unavailable. 1

OPLEC is completely dependent on OPDHR which involves diagnosing the
need for makeup.

It was assumed that if either HPCS or LPCI were selected and initiated
for injection,to increase level, the ops. would control level. That is,
the actions are assumed to be completely dependents If the operators
selected HPCS, then LCHPC will be successful. If they used LPCI, then
LC-LP will be successful. Essentially, it was assumed that if they
diagnose the need for LPCI or HPCS, they will know the injection rates
and not simply walk away.

When power is lost, RWCU isolates automatically, resulting in little
drain down. Thus,.the 10 min. allowed for OPDHR (and therefore OPLEC) is
very conservative. Consequently, in sequences where power is lost,
credit was taken for operators initiating both LPCI and HPCS if one of
them failed to start due to hardware.

Vol. 4 G-523 NUREG/CR-6143



-

HRA

File Name: OPSDC.E2B

Initiator: E2BF20

Event Tree: E2BF20

Human Error Events:

Mean HEPs EE Code #

OPSDC 8.5E-4 30 HEP 1

OPSDC (XTIEB case) 0.6 10 HEP 20
_

Loss of SDC(B) (not just isolation) is the initiator. In this scenario
the operators must diagnose the loss of SDC(B). In some sequences (no
LOSP), the diagnosis will be based solely on the alarms associated with
the specific loss of SDC(B), i.e., low flow, pump trip due to loss of
suction etc. In other relevant (non-XTIEB) sequences, a LOSP will occur
sometime after the initiator and DV1-2 will succeed.
For the sequences where the operators must cross-tie the HPCS diesel
generator to the B train (LOSP and DV1-2 fails with HPCS unavailable),
OPSDC is very different. In these scenarios, OPSDC involves diagnosing
the likelihood that SDC(B) will isolate on 135 psi when XTIEB is
completed (and' thus not be available) and then entering the relevant
ONEP to prepare for going water solid (OPECS). If the control room fails
to make this diagnosis in the time available for OPSDC, the time
available for OPECS might not be used appropriately. That is, the
operators could simply waste the time for OPSDC and OPECS with the
notion that they will restart SDC(B) when they get the XTIEB done and
then not have any time for diagnosing and carrying-out the actions
related to OPECS (starting low pressure system (LPCI (C)) and opening
SRVs etc.). As indicated by the HEP for OPSDC (see HEP 20), the correct
diagnosis is non-trivial.
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File Name: OPSDC.E2B '

|
|

Initiator: E2BF20
1

Event Tree: E2BF20

Human Error Events:

Mean HEPs EE Code #

OPSDC 8.5E-4 30 HEP 1
|

OPSDC (XTIEB case) 0.6 10 HEP 20
.

I
Loss of SDC(B) (not just isolation) is the initiator. In this scenario '

the operators must diagnose the loss of SDC(B). In some sequences (no
LOSP), the diagnosis will be based solely on the alarms associated with
the specific loss of SDC(B), i.e., low flow, pump trip due to loss of
euction etc. In other relevant (non-XTIEB) sequences, a LOSP will occur
sometime after the initiator and DV1-2 will succeed.

For the sequences where the operators must cross-tie the HPCS diesel
gsnerator to the B train (LOSP and DV1-2 fails with HPCS unavailable),
OPSDC is very different. In these scenarios, OPSDC involves diagnosing

,

the likelihood that SDC(B) will isolate on 135 psi when XTIEB is !
completed (and thus not be available) and then entering the relevant
ONEP to prepare for going water solid (OPECS) . If the control room fails ,

to make this diagnosis in the time available for OPSDC, the time i
cvailable for OPECS might not be used appropriately. That is, the
operators could simply waste the time for OPSDC and OPECS with the

j

notion that they will restart SDC(B) when they get the XTIEB done and
then not have any time for diagnosing and carrying-out the actions
related to OPECS (starting low pressure system (LPCI (C)) and opening
SRVs etc.) . As indicated by the HEP for OPSDC (see HEP 20), the correct
diagnosis is non-trivial.
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File Name: OPSDC.TSA

Initiator: T5AF19

Event Tree: T5AF19

Human Error Events:

Mean HEPs EE Code #

* OPSDC 8.5E-4 30 HEP 1

A loss of SSW will result in numerous indications and alarms if it fails
or performance is reduced. The ONEP for loss of SSW notes the resulting
loss of RHR/SDC(B). Loss of SDC(B) will also be alarmed.
A loss of ADH is random in this scenario, but SDC(B) will not be
available. Thus, in both the RHR and ADH branches of TSAF19, the
operators need only diagnose the need and pull the ONEPs for loss of SSW
and IDHR. An attempt to align SDC(B) is not indicated.

* In this scenario, the HEP for OPSDC will not differ for the case
where the HPCS diesel generator must be cross-tied (XTIEB succeeds
case), as it has in other sequences. Given the loss of SSW, the
operators will not need to be concerned about isolation of SDC at
135 psi, SDC will not be available anyway. Thus, they just need to .

diagnose the situation and pull the relevant procedures as in HEP
1.

!

!

|
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File Name: OPSDC. TAB

Initiator: TAB 39

Event Tree: SDC (from TAB 39, Seq.3)

ADH (from TAB 39, Seq. 5)

Human Error Event:

Mean HEP EE Code #

OPSDC 8.5E-4 30 HEP 1

OPSDC in this case includes the operators detecting loss of operating
SDC (RHR or ADHRS) loop in the context of loss of AC bus (es) and
entering the ONEP for IDHR. It was assumed that if the operators
detected the loss of the all SDC in the given context of being in
shutdown with the loss of the AC bus and no other normal SDC loop
available, they would enter the appropriate ONEP. Thus, complete
dependence was assumed between determining the loss of the operating SDC
system (in context of loss of AC bus) and entering the appropriate ONEP.
With the loss of the AC bus, numerous indications would occur and in the
shutdown context, maintaining SDC would clearly be a concern.

1

!

l

|
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File Name: OPSDC.TIO

Initiator: TIOPF65

Event Tree: SDC (from TIOPF65, Seq. 2)
ADH (from TIOPF65, Seq. 3)

Human Error Events:

Mean HEPs EE Code #

OPSDC (SDC) 8.5E-4 10 HEP 1

OPSDC (ADH) 0.046 10 HEP 2

OPSDC (preceeded
by XTIEB) 0.6 10 HEP 20

TIOP initator. Mismatch between letdown and makeup resulting in over-
pressurization. Initiator is generally assumed to result from an
isolation or at least partial isolation of RWCU. With letdown isolated
and makeup continuing to run, level and pressure will begin to increase.
Operators will get an alarm at level 8 and may receive additional
pressure related alarms. In addition, operators have approximately 2 and
one-half hours to detect the problem and control makeup (LCMK). In this
time period level and pressure would be monitored. If LCMK succeeds,
transfer to SDC or ADH tree depending on initial SDC (RHR or ADHRS).
With LCMK success, operator actions are identical to those in other
transients, e.g., T1.

,

'

NUREG/CR4143 G-528 vol. 4

. - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ - - _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ - _ _ __ ___ _ _ - . __



I,

HRA

File Name: OPSDCADH.E2D

Initiator: E2DF93

Event Tree: E2DF93

Human Error Event:

Mean HEPs EE Code #

OPSDC 0.046 10 HEP 2

OPSDC (XTIEB Case) 0.6 10 HEP 20

Loss of ADHR system is the initiator. In this scenario the operators |
must detect the loss of ADHRS, diagnose the need for an alternative mode ;

of SDC (i.e. the operators enter the IDHR ONEP), and attempt to initiate i
'

a standby source of SDC, per SOI 04-1-01-E12-1. In sequences with no
LOSP, the diagnosis will be based solely on the alarms associated with
the specific loss of ADHRS, i.e., low flow, pump trip due to loss of
suction etc. In other relevant (non-XTIEB) sequences, a LOSP will occur
sometime after the initiator and DV1-2 will succeed. With the loss of (
ADHR and success of DV1-2, it was assumed that the operators would try I

to start SDC(B) per procedure.

For the sequences where a cross-tie of the diesel generators is asked
cnd XTIEB succeeds, the operators must recognize that once XTIEB is
complete, it will be likely that SDC(B) will have isolated (or will
isolate) due to the rising pressure, on 135 psi. The operators should be
planning for use of some other means of SDC. In this case, LPCI (B) will
be the only available ECCS system. LPCI(C) and HPCS are gone. LPCI(C) is
casumed unavailable because it shares common piping with ADHRS which has
bsen lost.

Vol. 4 G-529 NUREG/CR4143



. - _ _ - _

-

HRA

File Name: OPSDCADH.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: TIAF16 or TIAF40 or TIAF93 (For ADHRS branches of TIAF16 or
TIAF40 or TIAF93, except when XTIEB succeeds)

Human Error Event:

Mean HEP EE Codef

.

OPSDC 0.046 10 HEP 2

The initiator is a loss of Instrument Air. If a LOSP occurs, a diesel
generator successfully starts (DV1-2). Operators were initially using
the ADHRS for SDC. OPSDC in this scenario involves the operators
detecting the loss of the operating ADHRS and diagnosing the need for an
alternative mode of SDC. Upon entering the IDHR ONEP, the operators are
instructed to initiate any standby sources of SDC. In this case
RHR/SDC(B) may be available and will be initiated per SOI 04-1-01-E12-1.
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File Name: OPSDCH26.FLD

Initiator: RWC26

| Event Tree: RWCHI (from RWC26, Seq. 17)

Human Error Events:

Mean HEPs El Code #

'

OPSDC1 0.006 10 HEP 131

The initiator is a break in the RWCU line during a HYDRO test. There is
less than a minute before the vessel will drain down to level 2 and RWCU
isolates (which also isolates the break). It is assumed that the
operators will fail to stop the drain down before level 2 is reached in
the less than 1 minute time frame. HPCS should auto-start on level 2,
and in this scenario it either succeeds or fails. If HPCS succeessfully
auto-starts and then auto-stops on level 8 (HPCAO), level will be
restored and the operators will need to unisolate and start some form of
SDC. IF HPCS fails to auto-start, but the operators successfully bring '

level up with LPCI (OPLEC1 succeeds), then SDC will also be needed.
Thus, in both of the two scenarios, level is restored and OPSDC1 is
asked. OPSDC1 is the operator action to diagnose the need for
unisolating and starting SDC and opening an SRV if necessary. The
operators may need to open an SRV if pressure is still high for the use
of SDC (SDC(B) or ADHR).

.

.
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File Name: OPSDCH74.FLD

Initiator: RWC74

Event Tree: RWCHI (from RWC74, Seq. 17)

Human Error Events:

Mean HEPs EE Code #

OPSDC1 0.006 10 HEP 131

The initiator is a break in the RWCU line during a HYDRO test. There is
less than a minute before the vessel will drain down to level 2 and RWCU
isolates (which also isolates the break). It is assumed that the
operators will fail to stop the drain down before level 2 is reached in
the less than 1 minute time frame. HPCS should auto-start on level 2,
and in this scenario it either succeeds or fails. If HPCS succeessfully
auto-starts and then auto-stops on level 8 (HPCAO), level will be
restored and the operators will need to unisolate and ' start some form of
SDC. IF HPCS fails to auto-start, but the operators successfully bring
level up with LPCI (OPLEC1 succeeds), then SDC will also be needed.
Thus, in both of the two scenarios, level is restored and OPSDC1 is
asked. OPSDC1 is the operator action to diagnose the need for
unisolating and starting SDC and opening an SRV if necessary. The
operators may need to open an SRV if pressure is still high for the use
of SDC (SDC(B) or ADHR).
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File Name: OPSDCSDC.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: TIAF16 or TIAF40 or TIAF93 (For RHR Loop B branches of
TIAF16 or TIAF40 or TIAF93, except when XTIEB

succeeds)

Human Error Event:

Mean HEP EE Code # )
l
i

!OPSDC 8.5E-4 30 HEP 1

In this scenario the operators must detect a loss of the operating
RHR/SDC loop, which has occurred sometime after a loss of IA, and enter
the IDHR ONEP. The loss of SDC is either random or due to a LOSP witn
DV1-2 successful. It was assumed that if the operators detected the loss
of the operating SDC loop in the given context of being in shutdown with
no other SDC loop available, they would enter the appropriate ONEP.
Thus, complete dependence was assumed between determining the loss of
the operating SDC system and entering the appropriate ONEP. In addition,
in the case of a LOSP, it was also assumed that if the control room
diagnos.s the loss of SDC, they will attempt a restart of SDC(B) (a
simple task at control panel).

|
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'File name: OPSOF.E2B

Initiator: E2bF20

Event Tree: OF (from E, Seq. 50, from E2BF20, Seq. 5, 6)

Human Error Events:

} Lean HEPs EE Code #

OPSOF 0.05 10 HEP 30
l'

A loss of the operating SDC system occurs. The operators initiate ECCS
~~

water solid operation (OPECS succeeds), but the operators fail to check
closed open MSIVs (in the 4 min. allowed during OPECS) . Water will begin
to flood down the steam lines. OPSOP asks whether or not the operators
will stop any flooding through the main steam lines. The operators must
terminate the injecting system and close MSIVs.
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File name: OPSOF.E2B !

Initiator: E2BF20

Event Tree: OF (from E, Seq. 50, from E2BF20, Seq. 5, 6)
'

Human Error Events:
,

I

Mean HEPs EE Code #

OPSOF 0.05 10 HEP 30
.

,

'A loss of the operating SDC system occurs. The operators initiate ECCS '

water solid operation I,0PECS succeeds), but the-operators fail to check '

closed open MSIVs (in the 4 min. allowed during OPECS). Water will begin
to flood down the steam lines. OPSOF asks whether or not the operators 6

will stop any flooding through the main steam lines. The operators must
terminate the injecting system and close MSIVs.

!
1

)

|

|

!

!
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File Name: OPSOF.J2

Initiator: J2F48

Event Tree: OF (from E, Seq. 50, from ASISJ, Seq. 1, 6,

from J2F48, Seq. 2)

Human Error Events:

Mean HEPs EE Code #

OPSOF 0.05 10 HEP 30

A break in the SDC line outside containment is the initiator. The break
is isolated with closure of MV 8 or MV 9. SDC and RHR(B) train is lost. j

Isolation of 8\9 valves occurs with level 3 signal. If a LOSP occurs,
the diesels start and load (DV1-2 OK). The operators initiate ECCS water
solid operation per the IDHR ONEP (OPECS succeeds). but MSIVs are open.
OPSOF is operator action to stop flooding down open main steam lines and

I20 min. is available for this task. In addition to increasing level
alarms, operators may get additional alarms from steam line drain valves
etc. and would get low SP alarm eventually.
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HRA |
|

File name: OPSOF.T5A '

i

!

Initiator: T5AF19

Event Tree: OF (from E, Seq. 50, from TSAF19, Seq. 3, 4)

Human Error Events:
.

l

Mean HEPs EE Code #

OPSOF O.05 10 HEP 30

The initiator is a loss of SSW. The operators initiate ECCS water solid
operation (OPECS succeeds), but the operators fall to check closed any
open MSIVs (in the 4 min. allowed during OPECS). Water will begin to
flood down the steam lines. OPSOP asks whether or not the operators will
stop flooding through the MSIVs.

|

|

I
1
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File name: OPSOF. TAB ,

Initiator: TAB 39
,

Event Tree: OFP (from EA, Seq. 80, from ADH, Seq. 4,
'

from TAB 39, Seq. 5)

Human Error Events:

Mean HEPs EE Code # t

OPSOF 0.05 10 HEP 30

,

A loss of an AC bus is the initiator. The operators initaite ECCS water i
solid operation (OPECS succeeds), but the operators fail to check closed i

open MSIVs (in the 4 min. allowed during OPECS) . Water will begin to
flood down steam lines. OPSOF asks whether or not the operators will |
stop the flooding through the MSIVs.

.

1

i

:
,

|

.

!

.

I

I
i

j .

,

i.

|
'

,

h
?
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File name: OPSOF.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: OPP (from EP, Seq. 50, from TIAF16 or TIAF40 or TIAF93, Seq.i

| 5)
!

OF (from EA, Seq. 80, from TIAF16 or TIAF40 or TIAF93, Seq.
20

OF (from E, Seq. 50, from L, Seq. 32,
from TIAF16 or TIAF40 or TIAF93, Seq. 3

Human Error Events:
'

Mean HEPs EE Code #

OPSOF 0.05 10 HEP 30

Loss of IA is the initiator. The operators initiate ECCS water solid
operation (OPECS succeeds), but the operators fail to check closed open
MSIVs (in the 4 min. allowed during OPECS). Water will begin to flood
down steam lines. OPSOF asks whether or not the operators will stop the
flooding through the MSIVs.

|

i

I

i

|

|

|
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File name: OPSOF2.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: OF (from EA, Seq. 80, from LA, Seq. 32, 48,
from TIAF16 or TIAF40 or TIAF93, Seq. 18

'

Human Error Events:

Mean HEPs EE Code _f

OPSOF 0.05 10 HEP 30

Loss of IA is the initiator. ADHR is lost. SDC(B) starts, but the
operators fail to control level (OPDHR fails). The operators initiate
ECCS water solid operation (OPECS succeeds) per procedure, but the
operators fail to check closed open MSIVs. Water will begin to flood
down the steam lines. OPSOF asks whether or not the operators will stop
the flooding through the MSIVs.

|

|
,
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File name: OPSOF9.TIA

Initiator: TIA

Event Tree: OPP (from EP, Seq. 50, from TIAF16 or TIAF40 or TIAF93, Seq.
9

Human Error Events:
,

Mean HEPs EE Code #

OPSOF 0.05 10 IIEP 30

l

Loss of IA is the initiator. The operators initiate ECCS water solid i

operation (OPECS succeeds), but the operators fail to check closed open '

MS1Vs (in the 4 min. allowed during OPECS). Water will begin to flood
down steam lines. OPSOP asks whether or not the operators will stop the i

flooding through the MSIVs. I

I
!
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File Name: OPSTE51.E2B

Initiator: E2BF20

Event Tree: S (from E, Seq. 51, from E2BF20, Seq. 5, 6)

SP (from EP, Seq. 51, from E2BF20, Seq 8, 9)

Human Error Eve'nts:

Mean HEPs EE Code #

OPSTM 1.0 HEP 49

A loss of SDC(B) is the initiator. If a LOSP occurs, the diesel starts
and loads (DV1-2 succeeds). The operators may recognize the initial loss
of SDC and attempt to restore it some sequences, but they fail to
control level (OPDHR fails) and fail to initiate ECCS water solid
operation (OPECS fails). These activities are clearly called out by
procedure. Thus, if OPECS fails, there is no reason to expect the
control room to consciously decide to steam the vessel (a non-
procedura.11 zed action). Credit is taken for deciding to steam at high
pressure in the P tree, for which there is significantly more time
available.

NUREGICR4143 G-542 vol.4
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File Name: OPSTE51.J2

Initiator: J2F48

)
Event Tree: S (from E, Seq. 51, from ASISJ, Seq. 1, I

from J2F48, Seq. 2)

Human Error Events:

Mean HEPs EE Code #

OPSTM 1.0 HEP 49
i

i

|

Loss of SDC as result of break in SDC line outside containment which
isolates (MV 8 or MV 9 isolates). A LOSP does not occur. OPECS fails. 1

Failure of OPECS in this instance implies an operator failure to provide i
makeup with ECCS and go water solid. These activities are clearly called )out by the IDHR procedure, given the loss of SDC. Thus, if OPECS fails, 1

there is no reason to expect the control room to consciously decide to )
steam which is a non-proceduralized action. Thus, OPSTM fails for this
scenario.

Credit for steaming (at high pressure) is taken in the P tree, where
sustantially more time is available to make the correct' diagnosis.

,
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File Name: OPSTE51.T5A

Initiator: T5AF19

Evesnt Tree: S (from E, Seq. 51, from T5AF19, Seq. 3, 4)

Human Error Events:

Mean HEPs EE Code #

OPSTM 1.0 HEP 49

A loss of SSW is the initiator. The operators may recognize the initial
loss of SDC, but no normal means of SDC are available. They fail to
initiate ECCS water solid operation (OPECS fails). These activities are
clearly called out by procedure. Thus, if OPECS fails, there is no
reason to expect the control room to consciously decide to steam the
vessel (a non-proceduralized action). Credit is taken for deciding to
steam at high pressure in the P tree, for which there is significantly
more time available.
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File Name: OPSTE51.TIA

Initiator: TIAF16 or TIAF40 or TIAF93
,

!

Event Tree: S (from E, Seq. 51, from TIAF16 or TIAF40 or TIAF93, Seq. 5)

S (from E, Seq. 51, from L, Seq. 32, 48,
from TIAF16 or TIAF40 or TIAF93, Seq. 3) '

Human Error Events:
|

Mean HEPs EE Code #

OPSTM 1.0 HEP 49 !

Loss of IA is the initiator. No LOSP. Random failure of SDC(B) and OPSDC
succeeds or SDC(B) continues to run and OPDHR fails. Regardless, the
operators fail to accomplish OPECS. Failure of OPECS in this instance
implies a failure to provide makeup with ECCS and go water solid. These
activities are clearly called out by procedure. Thus, if OPECS fails.,
there is no reason to expect the control room to consciously decide to
steam (a non-proceduralized action). Thus, OPSTM fails for this
scenario.

Credit for steaming (at high prcosure) is taken in the P tree, where
sustantially more time is available to make the correct diagnosis.

<
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File Name: OPSTE512.J2

Initiator: J2F48

Event Tree: S (from E, Seq. 51, from ASISJ, Seq. 6,

from J2F48, Seq. 2)

SP (from EP, Seq. 29, from ASISJ, Seq. 2,

from J2F48, Seq. 2)

Human Error Events:

Mean HEPs EE Code #

OPSTM 1.0 HEP 49

Loss of SDC as result of break in SDC line outside containment which
isolates (MV 8 or MV 9 isolates). If a LOSP occurs, the diesels start
and load (DV1-2 OK). OPECS fails. Failure of OPECS in this instance
implies an operator failure to provide makeup with ECCS and go water
solid. These activities are clearly called out by the IDHR procedure,
given the loss of SDC. Thus, if OPECS fails, there is no reason to
expect the control room to consciously decide to steam which is a non-
proceduralized action. Thus, OPSTM fails for this scenario.

Credit for steaming (at high pressure) is taken in the P tree, where
sustantially more cime is available to make the correct diagnosis.
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HRA

File Name: OPSTE51P.TIA

Ynitiator: TIA
,

|

Event Tree: SP (from EP, Seq. 51, from TIAF16 or TIAF40 or TIAF93, Seq.
9)

i

Human Error Events:

Mean HEPs EE Code #

OPSTM 1.0 HEP 49

A loss of IA is the initiator. A LOSP occurs at some point, but the
diesel starts and loads (DV1-2 OK). A random failure of SDC(B) occurs
and OP3DC succeeds. However, the operators fail to initiate ECCS water
solid operation (OPECS fails). These activities are clearly called out
by procedure. Thus, if OPECS fails, there is no reason to expect the
control room to consciously decide to steam
(a non-proceduralized action). Thus, OPSTM fails for this scenario.

|
'

Credit for steaming (at high pressure) is taken in the P tree, where
sustantially more time is available to make the correct diagnosis.
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File Name: OPSTE52.TSA

Initiator: T5AF19 i<

Event Tree: SNP (from HPSWR, Seq. 52, from T5AF19, Seq. 6) ;

|
|

Human Error Events: |

Mean HEPs EE. Code #
l

OPSTM 1.0 HEP 49 .

,

!

Loss of SSW initiator. A IDSP occurs at some point and the diesel fails j

to start (DV1-2 fails). SDC, LPCI, and SSWXT etc., are gone, but HPCS
is available. However, OPECS fails. Failure of OPECS in this instance
implies a failure to provide makeup with HPCS (only ECCS system ;

available) and go water solid. These activities are clearly called out '

by procedure. Thus, if OPECS fails, there is no reason to expect the
control room to consciously decide to steam
(a non-proceduralized action). Thus, OPSTM fails for this scenario.

Credit for steaming (at high pressure) is taken in the P tree, where
sustantially more time is available to make the correct diagnosis.

t
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File Name: OPSTE81.E2D

'

Initiator: E2DF93

Event Tree: S (from EA, Seq. 81, from E2DF93, Seq. 6)

Human Error Events:

Mean HEER HE Code #

OPSTM 1.0 HEP 49
I
1

A loss of ADHR is the initiator. No LOSP. OPSDC succeedsand the
operators attempt to start SDC(B), but it fails. The operators fail to
accomplish OPECS. Failure of OPECS in this instance implies a failure to
provide makeup with ECCS and go water solid. These activities are
clearly called out by procedure. Thus, if OPECS [hils, there is no
reason to expect the control room to consciously decirle to steam (a non-
proceduralized action). Thus, OPSTM fails for this scenario.

Credit for steaming (at high pressure) is taken in the P tree, where
sustantially more time is available to make the correct diagnosis.

|
|

I

i

i

C
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File Name: OPSTE81.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: S (from EA, Seq. 81, from TIAF16 or TIAF40 or TIAF93, Seq.
20, 21)

Human Error Events:

Mean HEPs EE Code #

OPSTM 1.0 HEP 49

Loss of IA is the initiator. No LOSP. ADHR is lost. If OPSDC succeeds,
SDC(B) fails to start. Regardless, the operators fail to accomplish
OPECS. Failure' of OPECS in this instance implies a failure to provide
makeup with ECCS and go water solid. These activities are clearly called
out by procedure. Thus, if OPECS fails, there is no reason to expect the
control room to consciously decide to steam (a non-proceduralized
action). Thus, OPSTM fails for this scenario.

Credit for steaming (at high pressure) is taken in the P tree, where
sustantially more time is available to make the correct diagnosis.

.

|
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File Name: OPSTE812.E2D

Initiator: E2DF93
a

Event Tree: S (from EA, Seq. 81, from LA, Seq. 38,,

from E2DF93, Seq. 4)
1

l

|

Human Error Events:

Mean HEPs EE Code #
,

OPSTM 1.0 HEP 49

An complete loss of ADHR is the initiator. OPSDC succeeds and SDC(B) is
started. The operators fail to control level after a loss of CRD (OPDHR
fails). With the functional loss of SDC, initiation of ECCS water solid
operation is indicated, but OPECS fails. Failure of OPECS in this ;

instance implies a failure to provide makeup with ECCS and go water isolid. These activities are clearly called out by procedure. Thus, if
OPECS fails, there is no reason to expect the control room to
consciously decide to steam (a non-proceduralized action). Thus, OPSTM
fails for this scenario.

Credit for steaming (at high pressure) is taken in the P tree, where !custantially more time is available to make the correct diagnosis. j

i

l

I

|
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HRA

File Name: OPSTE812.TIA

Initiator: TIAF16 or TIAF40 or TIAF93
i

Event Tree: S (from EA, Seq. 81, from LA, Seq. 32, 48, |
*

from TIAF16 or TIAF40 or TIAF93, Seq. 18)

Human Error Events:

Mean HEPs EE Code #

OPSTM 1.0 HEP 49

Loss of IA is the initiator. No LOSP. ADHR is lost. SDC(B) is started,
but the operators fail to control level (OPDHR fails). The operators
then fail to accomplish OPECS. Failure of OPECS in this instance implies
a failure to provide makeup with ECCS and go water solid. These
activities are clearly called out by procedure. Thus, if OPECS fails,
there is no reason to expect the control room to consciously decide to
steam (a non-proceduralized action). Thus, OPSTM fails for this
ccenario.

Credit for steaming (at high pressure) is taken in the P tree, where
custantially more time is available to make the correct diagnosis.

I
!

l
!

i
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File Name: OPSTE851. TAB

Initiator: TAB 39

Event Tree: S (from E, Seq. 51, from SDC, Seq. 3, 4,
from TAB 39, Seq. 3)

S (from EA, Seq. 81, from ADH, Seq. 4,
from TAB 39, Seq. 5)

Human Error Events:

Mean HEPs EE Code # I
|

OPSTM 1.0 HEP 49

Loss of AC bus is the initiator. SDC(B) or ADHR fails. OPSDC succeeds
or fails, but OPECS fails. Failure of OPECS in this instance implies a

!

failure to provide makeup with HPCS and go water solid. These activities I

are clearly called out by procedure. Thus, if OPECs fails, there is no
reason to expect the control room to consciously decide to steam (a non-
proceduralized action). Thus, OPSTM fails for this scenario. )

Credit for steaming (at high pressure) is taken in the P tree, where
sustantially more time is available to make the correct diagnosis. |

I

l
I

1
,

- i

Vol. 4 G-553 NUREG/CR-6143

,

1



_ _ _ _ _

HRA

File Name: OPSTE851. TAB

Initiator: TAB 39

Event Tree: S (from E, Seq. 51, from SDC, Seq. 3, 4,

from TAB 39, Seq. 3)
1

S (from EA, Seq. 81, from ADH, Seq. 4,
from TAB 39, Seq. 5)

Human Error Events:

Mean HEPs EE Code #

OPSTM 1.0 HEP 49

Loss of AC bus is the initiator. SDC(B) or ADHR fails. OPSDC succeeds
'

,

i or fails, but OPECS fails. Failure of OPECS in this instance implies a i
! failure to provide makeup with HPCS and go water solid. These activities

are clearly called out by procedure. Thus, if OPECs fails, there is no
reason to expect the control room to consciously decide to steam (a non-

!

proceduralized action). Thus, OPSTM fails for this scenario.

Credit for steaming (at high pressure) is taken in the P tree, where
sustantially more time is available to make the correct diagnosis.

;

|
,

1

|
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File Name: OPSTEM74.FLD j

|
.

Initiator: TRPTS

Event Tree: S (from E, Seq. 51, from RRW, Seq. 32,
from RWC74, Seq. 2)

i

|
Human Error Events:

ligan HEPs EE Code #

OPSTM 1.0 HEP 49

i

The initiator is a break in the RWCU line. Depending on where the break
is located in the line, the GPM lost will vary, as will the amount of
time the operators have to respond. OPDHR1 in this case is the operator
action to isolate letdown (RWCU) before level 3 is reached and SDC auto-
isolates. In these sequences, OPDHR1 succeeds. However, the operators ;

initially fail to bring level back up (OPLEC fails) and they then fail l
to initiate ECCS water solid operation per the IDHR ONEP (failure of '

OPECS). Since these activities are clearly called out by the IDHR
procedure given the loss of SDC, the lack of action by the operators
indicates no reason to expect the control room to consciously decide to
steam (a non-proceduralized action). Thus, OPSTM fails for these
scenarios.

Credit for steaming (at high pressure) is taken in the P tree, where
sustantially more time is available to make the correct diagnosis.

1

!

|
|
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HRA

File Name: OPSTH.J2

Initiator: J2F48

Event Tree: P (from S, Seq. 35, from E, Seq. 51,
from A5ISJ, Seq. 1, from J2F48, Seq. 2)

Human Error Events:

Mean HEPs EE Code #
,

3

OPSTH 0.025 5 HEP 42 |

Break in SDC line outside containment is the initiator. Break is
isolated, as is the low pressure piping (8/9 valves isolate at level 3).
OPECS fails. OPSTM fails for any number of possible reasons, but mainly <

because of OPECS failure. If OPECS fails, something is wrong and hard to
give credit for OPSTM (a non-proceduralized action). This sends us to
the P tree. Operators could steam on safety set point of 1SRV. OPSTH is
steaming at high pressure (CDR or HPCS) and the operators have 4 hours
for this task.

|

|

l

!
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HRA

. File Name: OPSTH.T5A

Initiator: T5AF19

Event Tree: P (from S, Seq. 35, from E, Seq. 51,
from T5AF19, Seq. 3, 4)

,

i

Human Error Events:

Mean HEPs EE Code #4 .

OPIS 1.0 HEP 41

OPSTH 0.025 5 HEP 42

A loss of SSW is the initiator. SDC(B) fails and RWCU (letdown) does not
auto-isolate. The operators either recognize the loss of SDC or
initially fail to do so (OPSDC succeeds or fails) . Regardless, they fail,

to initiate ECCS water solid operation per the IDHR ONEP (OPECS fails).
The operators fail to steam at low pressure (OPSTM fails) and the P tree
is entered. OPIS is the operator action to isolate the SDC low pressure
piping if the auto-isolation at 135 psi fails. OPIS must occur in the
same time period as OPSTM. If OPECS fails in.the current context,
something is wrong and it is difficult to give credits for OPSTM or OPIS
in the time available. If the auto-isolation logic (RHRIP)- and the
oporators fail tc iso.'. ate the low pressure piping, then when something
breaks, drain down will occur and they should get low level isolations
(RHRIL and SDCIL) . As long as SDC is isolated in some way, the operators
could steam the vessel at high pressure on the-safety set point of 1SRV.
OPSTH is the operator action to steam the vessel at high pressure (CRD
or HPCS) to prevent uncovering the core. They have 4 hours to make the
correct dignosis and perform the necessary actions.

I

'!

,

|
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File Name: OPSTH. TAB

|Initiator: TAB

Event Tree: P (from S, Seq. 10, 35, from E, Seq. 23, 24,
from SDC, Seq. 3, from TAB 39, Seq. 3) |,

.

Human Error Events:

Mean HEPs EE Code # ,

1

OPIS 0.063 10 HEP 57 I

|

OPSTH 0.025 5 HEP 42

Loss of AC bus is the initiator. SOC (B) fails and the operators either
detect'the loss or initially fail to do so (OPSDC succeeds or f ails) .
RWCU auto-isolates on the loss of power. The operators attempt to
initiate ECCS water solid operation with HPCS (OPECS succeeds), but 2<

SRVs fail to open. The operators either fail to open 1 SRV (OP1SV) and |
~

proceed with going water solid or 1 SRV (1SRVB) fails to open and they
can't go water solid. In either case, they did successfully diagnose the

~

need to go water solid and tried to open two SRVs. With no SRVs
available, the operators should be aware of the fact that pressure will
be increasing. The low pressure piping needs to be' isolated at 135 psi
(auto-isolation at 135 psi) and the operators should receive an alarm
prior to 135 psi. In addition, if- the auto-isolation fails, the
operators should get an isolation failure signal. Thus, in this scenario
where operators are attempting tc follow procedure (OPECS succeeds),
whether or not the operators consciously decide to steam (OPSTM succeeds
or fails) they should have.some probability of realizing the need to
manually isolate the low pressure piping (OPIS) if the auto-isolation

j ,

| fails (RHRIP). OPIS must be. done in the same time period as OPSTM (23
; min.).
|
| If the auto-isolation logic (RHRIP) and the operators fail to isolate

the low pressure piping, then when something breaks, drain down will
occur and they should get~a low level isolation (RHRIL and SDCIL) . As
long as SDC is isolated in some way, the operators could steam the
vesse3 at high pressure on the safety set point of 1SRV. OPSTH is the !

operator action to steam the vessel at high pressure (CRD or HPCS) to
prevent uncovering the core. They have 4 hours . to make the correct
diagnosis and perform the necessary actions.

,
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HRA

File Name: OPSTH.TIA

Initiator: TIAF16 or TIAF40 or TIAF93
Event Tree: _P'(from S, Seq. 35, from E, Seq. 51,

from TIAF16 or TIAF40 or TIAF93, Seq. 5)

Huma tror Events:

Mean HEPs EE Code #
,

OPIS 1.0 HEP 41

OPSTH 0.025 5 HEP 42

A loss of IA is the initiator. SDC(B) fails. The operators recognize the
loss of SDC (OPSDC succeeds). However, they fail to initiate ECCS water
Colid operation per the IDHR ONEP (OPECS fails). The operators fail to
eteam at low pressure (OPSTM fails) and the P tree is entered. OPIS is
the operator action to isolate the SDC low pressure piping if the auto-
icolation at 135 psi failh. OPIS must occur in the same time period as
OPSTM. If OPECS fails in the current context, something is wrong and it
is difficult tc give credit for OPSTM or OPIS in the time available. If
the auto-isolation logic (RWRIP) and the operators fail to isolate the
low pressure piping, then when something breaks, drain down will occur
End they should get low level isolations (RHRIL and SDCIL) . As long as
SDC is isolated in some way, the operators could steam the vessel at
high pressure on the safety set point of ISRV. OPSTH is the operator
cction,to steam the vessel at high pressure (CRD or HPCS) to prevent

,

>

uncovering the core. They.have 4 hours to make the correct dignosis and i

p rform the necessary actions.

|

|

l

|

|

:

|

l
|
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File Name: OPSTH2.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: P (,from S, Seq. '35, from E, Seq. 51,
from L, Seq. 32, 48, from TIAF16 or TIAF40 or TIAF93,
Seq. 3)

Human Error Events:

Mean HEPs EE Code #

OPIS 1.0 HEP 41
-

OPSTH 'O.025 5 HEP 55

Loss of IA is the initiator. SDC(B) continues to run but the operators
fail to control level (OPDHR fails). They also fail to initiate ECCS
water solid operation with the functional loss of SDC that occurs from
no level control (OPECS fails). Failure of OPECS in this instance
implies a failure to provide makeup with ECCS and go water solid. These
activities are clearly called out by procedure. Thus, if OPECS fails,
there is no reason to expect the control room to consciously decide to
steam. Thus, OPSTM fails for this scenario. This sends us to the P tree.
OPIS must occur concurrently with OPSTM. If OPECS (and OPSTM) fails,
something is wrong and hard to give credit for OPIS which is operator
act ion to isolate low pressure piping if auto isolation at 135 psi
falls. If the operators and logic fail to isolate low pressre piping,
when something breaks, drain down will occur and should get a low level
isolation (RHRIL and SDCIL) . If these succeed (or RHRIP), the operators
could steam on safety set point of 1SRV. OPSTH is steaming at high
pressure (CRD or HPCS) . The operators have 4 hours to accomplish the
relevant tasks.
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File Name: OPSTH3.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Eve'nt Tree: P (from S, Seq. 35, from E, Seq. 81,
from L, Seq. 32, 48, from TIAF16 or TIAF40 or TIAF93,
Seq. 18)

PP (from SP, Seq. 29, from EP, Seq. 51,
from LP, Seq. 8, 15, from TIAF16 or TIAF40 or TIAF93,
Seq. 7)

Human Error Events:

Mean HEPs EE Code #

OPIS 1.0 HEP 41

OPSTH 0.025 5 HEP 55

Loss of IA is the initiator. If a LOSP occurs, the diesels start and
load (DV1-2). SDC(B) continues to run but the operators fail to control
level (OPDHR fails). They also fail to initiate ECCS water solid
operation with the functional loss of SDC that occurs from no level i

control (OPECS fails). Failure of OPECS in this instance smplies a |

failure to provide makeup with ECCS and go water solid. These activities
are clearly called out by procedore. Thus, if OPECS fails, t' tere is no
reason to expect the control room to consciously decide to steer. Thus,
OPSTM fails for this scenario. This sends.us to the P tree. OPIS must
occur concurrently with OPSTM. If OPECS (and OPSTM) fails, somothing is
wrong and hard to give credit for OPIS which is operator action to
isolate low pressure piping if auto isolation at 135 psi fails. If the
operators and logic fail to isolate low pressre piping, when something
breaks, drain down will occur and should get a low level isolation
(RHRIL and SDCIL). If these succeed (or RHRIP) , the operators could
steam on safety set point of 1SRV. OPSTH is steaming at high pressure
(HPCS). The operators have 4 hours to accomplish the relevant tasks.
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File Name: OPSTH4.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: P (from S, Seq. 29, from EP, Seq. 51,
from TIAF16 or TIAF40 or TIAF93, Seq. 9)

Human Error Events:

Mean HEPs EE Code #
1

OPIS 1.0 HEP 41

OPSTH 0.025 5 HEP 42

A loss of IA is the initiator. SDC(B) fails and the operators initially
fail to recognize the loss of SDC (OPSDC succeeds). They also fail to
initiate ECCS water solid operation per the IDHR ONEP (OPECS fails). The
operators fail to steam at low pressure (OPSTM fails) and the P tree is
entered. OPIS is the operator action to isolate the SDC low pressure
piping if the auto-isolation at 135 psi fails. OPIS must occur in the
same time period as OPSTM. If OPECS fails in the current context,
something is wrong and it is difficult to give credit for OPSTM or OPIS

. in the time available. If the auto-isolation logic' (RHRIP) and the
operators fail to isolate the low pressure piping, then when something
breaks, drain down will occur and they should get low level isolations
(RHRIL and SDCIL). As long as SDC is isolated in some way, the operators
could steam the vessel at high pressure on the safety set point of 1SRV.
OPSTH is the operator action to steam the vessel at high pressure (CRD
or HPCS) to prevent uncovering the core. They have 4 hours to make the
correct dignosis and perform the necessary actions.

|

|

|
|

|
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File Name: OPSTH5.TIA
|

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: P (from S, Seq. 35, from EA, Seq. 81,
from TIAF16 or TIAF40 or TIAF93, Seq. 20, 21)

Human Error Events:

Mean HEPs fl Code #

OPIS 1.0 HEP 41

OPSTH 0.025 5 HEP 42

A loss of IA is the initiator. ADHR and SDC(B) fails. The operators
recognize or initially fail to recognize the loss of SDC (OPSDC
succeeds). However, they fail to initiate ECCS water solid operation per
the IDHR ONEP (OPECS fails). The operators fail to steam at low pressure
(OPSTM fails) and the P tree is entered. OPIS is the operator action to
isolate the SDC low pressure piping if the auto-isolation at 135 psi ;

fails. OPIS must occur in the same time period as OPSTM. If OPECS fails !

in the current context, something is wrong and it is difficult to give l
credit for OPSTM or OPIS in the time available. If the auto-isolation I

'

logic (RHRIP) and the operators fail to isolate the low pressure piping,
then when something breaks, drain down will occur and they should get
low level isolations (RHRIL and SDCIL). As long as SDC is isolated in
some way, the operators could steam the vessel at high pressure on the
safety set point of 1SRV. OPSTH is the operator action to steam the
vessel at high pressure (CRD or HPCS) to prevent uncovering the core.
They have 4 hours to make the correct dignosis and perform the necessary
actions.

|
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File Name: OPSTHCFF.T5A

Initiator: T5AF19

Event Tree: P (from S, Seq. 35, from F, Seq. 21,
from E, Seq. 4, 9, 11, 20, 22,
from T5AF19, Seq. 3)

Human Error Events:
Mean HEPs EE Codel

OPIS 0.063 10 HEP 57

OPSTH 0.025 5 HEP 42

A loss of SSW is the initiator. No LOSP. OPSDC succeeds or not, but SDC
fails. The operators attempt to initiate ECCS water solid operation
(OPECS succeeds), but either HPCS fails or no water in the SP).
Operators either fail to decide to flood or fail because of inadequate
time available to align FW. They then fail to decide to steam (OPSTM
fails). The operators should be aware of the fact that pressure will be
increasing. The low pressure piping needs to be isolated at 135 psi
(auto-isolation at 135 psi) and the operators should receive an alarm
prior to 135 psi. In addition, if the auto-isolation fails, the
operators should get an isolation failure signal. Thus, in this scenario
where operators are attempting to follow procedure (OPECS succeeds),
whether or not the operators consciously decide to steam (OPSTM succeeds
or fails) they should have some probability of realizing the need to
manually isolate the low pressure piping (OPIS) if the auto-isolation
fails (RHRIP). OPIS must be done in the same time period as OPSTM (23
minutes).

If the auto-isolation logic (RHRIP) and the operators fail to isolate
the low pressure piping, then when something breaks, drain down will
occur and they should get a low level isolation (RHRIL and SDCIL) . As
long as SDC is isolated in some way, the operators could steam the
vessel at high pressure on the safety set point of 1SRV. OPSTH is the
operator action to steam the vessel at high pressure (CRD or HPCS) to
prevent uncovering the coro. They have 4 hours to make the correct
diagnosis e-3 perform the necessary actions.

NUREG/CR-6143 G-564 Vol. 4
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File Name: OPSTHCFF. TAB

Initiator: TAB 39

Event Tree: P (from S, Seq. 35, from F, Seq. 3, 6, 21,
from E, Seq. 4, 9, 11, 15, 20, 22,
from SDC, Seq. 3
from TAB 39, Seq. 3)

P (from S, Seq. 35, from F, Seq. 3, 6, 21, !

from EA, Seq. 4, 9, 11, 15, 20, 22, j
from ADH, Seq. 4
from TAB 39, Seq. 5)

i

Human Error Events:
Mean HEPs Ef Code #

OPIS 0.063 10 HEP 57 )
!

OPSTH 0.025 5 HEP 42 |

A loss of AC bus is the initiator. No LOSP. OPSDC succeeds or not, but
SDC fails. The operators attempt to initiate ECCS water solid operation
(OPECS succeeds), but either HPCS fails or no water in the SP).

~

Operators either fail to decide to flood or fail because of inadequate
time available to align FW. They then fail to decicle to steam (OPSTM
foils) . The operators should be aware of the fact that pressure will be
increasing. The low pressure piping needs to be isolated at 135 psi
(cuto-isolation at 135 psi) and the operators should receive an alarm
prior to 135 psi. In addition, if the auto-isolation fails, the i
operators should get an isolation failure signal. Thus, in this scenario
where operators are attempting to follow procedure (OPECS succeeds),
whether or not the operators consciously decide to steam (OPSTM succeeds
or fails) they should have some probability of realizing the need to
manually isolate the low pressure piping (OPIS) if the auto-isolation
fails (RHRIP).,OPIS must be done in the same time period as OPSTM
minutes).

'

(23

If the auto-isolation logic (RHRIP) and the operators fail to isolate
the low pressure piping, then when something breaks, drain down will
occur and they should get a low level isolation (RHRIL and SDCIL) . As
long as SDC is isolated in some way, the operators could steam the
vessel at high pressure on the safety set point of 1SRV. OPSTH is the
operator action to steam the vessel at high pressure (CRD or HPCS) to
prevent uncovering the core. They have 4 hours to make the correct
diagnosis and perform the necessary actions.
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File Name: OPSTHCFF.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: P (from S, Seq. 35, from F, Seq. 3, 21,
from E, Seq. 5, 10, 11, from TIAF16 or TIAF40 or TIAF93,
Seq. 5)

P (from S, Seq. 35, from F, Seq. 3, 21,
from EA, Seq. 5, 10, 11, from TIAF16 or TIAF40 or T1AF93,
Seq. 20)

P (from S, Seq. 35, from F, Seq. 3, 21,
from EA, Seq. 5, 10, 11, from L, Seq. 32, 48,
from TIAF16 or TIAF40 or TIAF93, Seq. 18)

Human Error Events:
Mean HEEs EE Codet

OPIS 0.063 10 HEP 57

OPSTH 0.025 5 HEP 42

! Loss of IA is the initiator. SDC(B) continues to run but the opeigtors
fail to control level (OPDHR fails) or SDC fails. The operators attempt
to initiate ECCS water solid operation (OPECS succeeds), but either the

,

| ECCS system fails or no water in the SP). Operators either fail to
i decide to flood or fail because SSWXT fails ot there is inadequate time

available to align FW. They then fail to decide to steam (OPSTM fails).
The operators should be aware of the fact that pressure will be
increasing. The low pressure piping needs to be isolated at 135 psi
(auto-isolation at 135 psi) and the operators should receive an alarm
prior to 135 psi. In addition, if the auto-isolation fails, the
operators should get an isolation failure signal. Thus, in this scenario
where operators are attempting to follow procedure (OPECS succeeds),
whether or not the operators consciously decide to steam (OPSTM succeeds
or fails) they should have some probability of realizing the need to
manually isolate the low pressure piping (OPIS) if the auto-isolation

I fails (RHRIP). OPIS must be done in the same time period as OPSTM (23
| minutes).

If the auto-isolation logic (RHRIP) and the operators fail to isolate
,

the low pressure piping, then when something breaks, drain down will|

| occur and they should get a low level isolation (RHRIL and SDCIL) . As
long as SDC is isolated in some way, the operators could steam the
vessel at high pressure pn the safety set point of 1SRV. OPSTH is the
operator action to steam the vessel at high pressure (CRD or HPCS) to
prevent uncovering the core. They have 4 hours to make the correct
diagnosis and perform the necessary actions.

NUREGICR-6143 G-566 Vol. 4
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File Name: OPSTHF.E2B
'

Initiator: E2BF20

Event Tree: P (from S, Seq. 35, from F, Seq. 21,
.

from E, Seq. 5, 10, 11, 22, i

from E2BF20, Seq. 5) '

|

Human Error Events:

Mean HEPs EE Code # )
!

OPIS 0.063 10 HEP 57

|OPSTH 0.025 5 HEP 42
|

A complete loss of SDC(B) is the initiator. No LOSP. The operators |

attempt to initiate ECCS water solid operation (OPECS succeeds), but
either ECCS fails or there is no water in the SP. The operators do not I

'decide to flood. They also fail to decide to steam at low pressure
(OPSTM fails). The operators should be aware of the fact that pressure
will be increasing. The low pressure piping needs to be isolated at 135
psi (auto-isolation at 135 psi) and the operators should receive an
alarm prior to 135 psi. In addition, if the auto-isolation fails, the
operators should get an isolation failure signal. Thus, in this scenario
where operators are attempting to follow procedure (OPECS succeeds and
they attempt to flood), whether or not the operators consciously decide
to steam (OPSTM succeeds or fails) they should have some probability of
realizing the need to manually isolate the low pressure piping (OPIS) if

,

the auto-isolation fails (RHRIP). OPIS must be done in the same time l
period as OPSTM (23 minutes). I

If the auto-isolation logic (RHRIP) and the operators fail to isolate !
the low pressure piping, then when something breaks, drain down will |

occur and they should get a low level isolation (RHRIL and SDCIL). As
long as SDC is isolated | in some way, the operators could steam the
vessel at high pressure on the safety set point of 1SRV. OPSTH is the
operator action to steam the vessel at high pressure (CRD or HPCS) to
prevent uncovering the core. They have 4 hours to make the correct
diagnosis and perform the necessary actions.
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File Name: OPSTHFNC.E2B
'

Initiator: E2BF20

Event Tree: P (from S, Seq. 35, from EC, Seq. 4, 5, 6, 8, 9, 10, 12, 40,
41, 42, 68, 69, 70, from E, Seq. 2, 7, 13, 18, from E2BF20, Seq. 5)

Human Error Events:

Mean HEPs EE Code #

OPIS 0.063 10 HEP 57

OPSTH 0.025 HEP 42

A complete loss of SDC(B) is the initiator. No LOSP. The operators
attempt to initiate ECCS water solid operation (OPECS succeeds) and LPCI
succeeds. Eventually, ECCS fails in long-term because the operators are
unable or fail to provide adequate makeup to the SP. The operators fail
to decide to steam at low pressure (OPSTM fails). The operators should
be aware of the fact that pressure will be increasing. The low pressure
piping needs to be isolated at 135 psi (auto-isolation at 135 psi) and
the operators should receive an alarm prior to 135 psi. In addition, if'
the auto-isolation fails, the operators should get an isolation failure
signal. Thus, in this scenario where operators are attempting to follow
procedure (OPECS succeeds), whether or not the operators consciously
decide to steam (OPSTM succeeds or fails) they should have some
probability of realizing |the need to manually isolate the low pressure
piping (OPIS) if the auto-isolation fails (RHRIP). OPIS must be done in
the same time period as OPSTM (23 minutes). If the auto-isolation logic
(RHRIP) and the operators fail to isolate the low pressure piping, then
when something breaks, drain down will occur and they should get a low
level isolation (RHRIL and SDCIL) . As long as SDC is isolated in some
way, the operators could steam the vessel at high pressure on the safety
set point of 1SRV. OPSTH is the operator action to steam the vessel at
high pressure (CRD or HPCS) to prevent uncovering the core. They have 4
hours to make the correct diagnosis and perform the necessary actions.

|

|

|
|

|
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File Name: OPSTHFNC.TSA

Initiator: TSAF19

Event Tree: P (from S, Seq. 35, from EC, Seq. 4, 6, 8, 10, 12, 14, 40,
42, 68, 69, 70, from E, Seq. 3, 8, 19,

from T5AF19, Seq. 3, 4)

Human Error Events:

Mean HEPs EE Code #

OPIS |0.063 10 HEP 57
i

OPSTH 0.025 5 HEP 42

A loss of SSW is the initiator. No LOSP. SDC is lost in some way. The <

'

operators attempt to initiate ECCS water solid operation (OPECS
succeeds) and HPCS succeeds. Eventually, HPCS fails in long-term because i

'

the operators are unable or fail to provide adequate makeup to the SP.
The operators fail to decide to steam at low pressure (OPSTM fails). The
operators should be aware of the fact that pressure will be increasing. i

'

The low pressure piping needs to be isolated at 135 psi (auto-isolation
at 135 psi) and the operators should receive an alarm prior to 135 psi.
In addition, if the auto-isolation fails, the operators should get an
isolation failure signal. Thus, in this scenario where operators are
attempting to follow procedure (OPECS succeeds), whether or not the
operators consciously decide to steam (OPSTM succeeds or fails) they
should have some probability of realizing the need to manually isolate
the low pressure piping (OPIS) if the auto-isolation fails (RHRIP). OPIS
must be done in the same time period as OPSTM (23 minutes).

:

If the auto-isolation logic (RHRIP) and the operators fail to isolate )
the low pressure piping, then when something breaks, drain down will
occur and they should get a low level isolation (RHRIL and SDCIL). As

|long as SDC is isolated in some way, the operators could steam the
vessel at high pressure on the safety set point of 1SRV. OPSTH is the
operator action to steam the vessel at high pressure (CRD or HPCS) to
prevent uncovering the core. They have 4 hours to make the correct
diagnosis and perform the necessary actions.
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File Name: OPSTHFNC. TAB "

Initiator: TAB 39

Event Tree: P (from S, Seq. 35, from EC, Seq. 4, 8, 10, 12, 14, 40, 42,
68, 69, 70, from E, Seq. 3, 8,

from SDC, Seq. 3, from TAB 39, Seq. 3)

P (from S, Sdq. 35, from EC, Seq. 4, 8, 10, 12, 14, 40,
42, 68, 69, 70, from EA, Seq. 3, 8,

from ADH, Seq. 4, from TAB 39, Seq. 5)

Human Error Events:
|

Mean HEPs EE Code #

OPIS 0.063 10 HEP 57
,

OPSTH 0.025 5 HEP 42

A loss of AC bus is the initiator. No LOSP. SDC is lost in some way. The
operators attempt to initiate ECCS water solid operation (OPECS
succeeds) and HPCS succeeds. Eventually, HPCS fails in long-term because
the operators are unable or fail to provide adequate makeup to the SP.
The operators fail to decide to steam at low pressure (OPSTM fails). The
operators should be aware of the fact that pressure will be increasing.
The low pressure piping needs to be isolated at 135 psi (auto-isolation
at 135 psi) and the operators should receive an alarm prior to 135 psi.
In addition, if the auto-isolation fails, the operators should get an
isolation failure signal. Thus, in this scenario where operators are
attempting to follow procedure (OPECS succeeds), whether or not the
operators consciously decide to steam (OPSTM succeeds or fails) they
should have some probability of realizing the need to manually isolate
the low pressure piping (OPIS) if the auto-isolation fails (RHRIP). OPIS
must be done in the same time period as OPSTM (23 minutes).

If the auto-isolation logic (RHRIP) and the operators fail to isolate
the low pressure piping, then when something breaks, drain down will
occur and they should get a low level isolation (RHRIL and SDCIL). As
long as SDC is isolated in some way, the operators could steam the
vessel at high pressure on the safety set point of 1SRV. OPSTH is the
operator action to steam the vessel at high pressure (CRD or HPCS) to
prevent uncovering the core. They have 4 hours to make the correct
diagnosis and perform the necessary actions.

,
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File Name: OPSTHFNC.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

EvGnt Tree: P (from S, Seq. 35, from EC, Seq. 4, 8, 40, 68, 69, 70,
from E, Seq. 2, 7, from TIAF16 or TIAF40 or TIAF93, Seq. 5)

P (from S, Seq. 35, from EC, Seq. 4, 8, 40, 68, 69, 70,
from EA, Seq. 2, 7, from LA, Seq. 32, 48,
from TIAF16 or TIAF40 or TIAF93, Seq. 18)

Human Error Events:

Mean HEPs EE Code #

OPIS 0.063 10 HEP 57

OPSTH 0.025 HEP 42

Loss of IA is the initiator. SDC(B) continues to run but the operators
fail to control level (OPDHR fails) or SDC fails. The operators attempt
to initiate ECCS water solid operation (OPECS succeeds) and LPCI
succeeds. Eventually, ECCS fails in long-term because the operators are
unable or fail to provide adequate makeup to the SP. The operators fail
to decide to steam at low pressure (OPSTM fails). The operators should
be aware of the fact that pressure will be increasing. The low pressure
piping needs to be isolated at 135 psi (auto-isolation at 135 psi) and
the operators should receive an alarm prior to 135 psi. In addition, if
the auto-isolation fails, the operators should get an isolation failure
signal. Thus, in this scenario where operators are attempting to follow
procedure (OPECS succeeds), whether or not the operators consciously
decide to steam (OPSTM succeeds or fails) they should have some
probability of realizing the need to manually isolate the low pressure
piping (OPIS) if the auto-isolation fails (RHRIP). OPIS must be done in
the same time period as OPSTM (23 minutes). If the auto-isolation logic
(RHRIP) and the operators fail to isolate the low pressure piping, then
when something breaks, drain down will occur and they should get a low
level isolation (RHRIL and SDCIL) . As long as SDC is isolated in some
way, the operators could steam the vessel at high pressure on the safety
set point of 1SRV. OPSTH is the operator action to steam the vessel at
high pressure (CRD or HPCS) to prevent uncovering the core. They have 4
hours to make the correct diagnosis and perform the necessary actions.
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File Name: OPSTHOF.E7.B

Initiator: E2BF20

Event Tree: P (from S, Seq. 12, 35, from OF, Seq. 1,
from E, Seq. 50, from E2BF20, Seq. 5, 6)

Human Error Events: ,

Mean HEPs EE Code #

OPIS 0.063 10 HEP 57

OPSTH 0.025 5 HEP 42

A complete loss SDC(B) is the initiator. No LOSP. The operators attempt
to initiate ECCS water solid operation per procedure (OPECS succeeds),
but MSIVs are open and flooding down steam lines occurs. The operators
diagnose the need, stop ECCS, and close the open MSIVs (OPSOF succeeds).
The operators either fail to decide to steam (OPSTM fails) or they
attempt to steam, but 1SRV fails to open. With no SRVs open, the
operators should be aware of the fact that pressure will be increasing.
The low pressure piping needs to be isolated at 135 psi (auto-isolation
at 135 psi) and the operators should receive an alarm prior to 135 psi.
In addition, if the auto-isolation fails, the operators should get an,

isolation failure signal. Thus, in this scenario where operators are
attempting to follow procedure (OPECS succeeds), whether or not the
operators consciously decide to steam (OPSTM succeeds or fails) they
should have some probability of realizing the need to manually isolate
the low pressure piping (OPIS) if the auto-isolation fails (RHRIP). OPIS
must be done in the same time period as OPSTM (23 minutes). If the auto-
isolation logic (RHRIP) and the operators fail to isolate the low
pressure piping, then when something breaks, drain down will occur and
they should get a low level isolation (RHRIL and SDCIL). As long as SDC
is isolated in some way, the operators could steam the vessel at high
pressure on the safety set point of 1SRV. OPSTH is the operator action
to steam the vessel at high pressure (CRD or HPCS) to prevent uncovering
the core. They have 4 hours to make the correct diagnosis and perform
the necessary actions.
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File Name: OPSTHOF.TSA

Initiator: TSAF19

Event Tree: P (from S, Seq. 12, 24, 35, from OF, Seq. 1,
from E, Seq. 50, from TSAF19, Seq. 3)

Human Error Events:

Mean HEPs EE Code #

OPIS 0.063 10 HEP 57

OPSTH 0.025 5 HEP 42

A loss of SSW is the initiator. No LOSP. SDC is lost. OPECS succeeds,
but MSIVs are,open and flooding down steam lines occurs. The operators
diagnose the need, stop ECCS, and close the open MSIVs (OPSOF succeeds).
The operators either fail to decide to steam (OPSTM fails) or they
attempt to steam, but 1SRV fails to open. With no SRVs open, the
operators should be aware of the fact that pressure will be increasing.
The low pressure piping needs to be isolated at 135 psi (auto-isolation
at 135 psi) and the operators should receive an alarm prior to 135 psi.
In addition, if the auto-isolation fails, the operators should get an
isolation failure signal. Thus, in this scenario where operators are
attempting to follow procedure (OPECS succeeds), whether or not the
operators consciously decide to steam (OPSTM succeeds or fails) they
should have some probability of realizing the need to manually isolate
the low pressure piping (OPIS) if the auto-isolation fails (RHRIP) . OPIS
must be done in the same time period as OPSTM (23 minutes).

If the auto-isolation logic (RHRIP) and the operators fail to isolate
the low pressure piping, then when something breaks, drain down will
occur and they should get a low level isolation (RHRIL and SDCIL). As
long as SDC is isolated in some way, the operators could steam the !

vossel at high pressure on the safety set point of 1SRV. OPSTH is the l

operator action to steam the vessel at high pressure (CRD or HPCS) to !

prevent uncovering the core. They have 4 hours to make the correct l
diagnosis and perform the necessary actions. |

|

i

l
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File Name: OPSTHOF.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: P (from S, Seq. 12, 35, from OF, Seq. 1,

from EA, Seq. 80, from LA, Seq. 32, 48,
from TIAF16 or TIAF40 or TIAF93, Seq. 18)

Human Error Events:

Mean HEPs EE Code #

OPIS 0.063 10 HEP 57

OPSTH 0.025 5 HEP 42

Loss of IA is the initiator. SDC(B) continues to run but the operators
fail to control level (OPDHR fails). OPECS succeeds, but MSIVs are open
and flooding down steam lines occurs. The operators diagnose the need,
stop ECCS, and close the open MSIVs (OPSOF succeeds). The operators
either fail to decide to steam (OPSTM fails) or they attempt to steam,
but 1SRV fails to open. With no SRVs open, the operators should be aware
of the fact that pressure will be increasing. The low pressure piping
needs to be isolated at 135 psi (auto-isolation at 135 psi) and the
operators should receive an alarm prior to 135 psi. In addition, if the

! auto-isolation fails, the operators should get an isolation failure
! signal. Thus, in this scenario where operators are attempting to follow
| procedure (OPECS succeeds), whether or not the operators consciously

decide to steam (OPSTM succeeds or fails) they should have some
probability of realizing the need to manually isolate the low pressure
piping (OPIS) if the auto-isolation fails (RHRIP). OPIS must be done in
the same time period as OPSTM (23 minutes).

If the auto-isolation logic (RHRIP) and the operators fail to isolate
the low pressure piping, then when something breaks, drain down will
occur and they should get a low level isolation (RHRIL and SDCIL). As
long as SDC is isolated in some way, the operators could steam the
vessel at high pressure on the safety set point of 1SRV. OPSTH is the
operator action to steam the vessel at high pressure (CRD or HPCS) toi

prevent uncovering the core. They have 4 hours to make the correct
diagnosis and perform the necessary actions.

|
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File Name: OPSTHOSV.J2 |

Initiator: J2F48 |

Event Tree: P (from S, Seq. 12, 35, from OF, Seq. 1,
from E, Seq. 50, from A5ISJ, Seq. 1, 6,
from J2F43, Seq. 2)

I
i

Human Error Events- I

M_ean HEPs Ef Code #

OPSTH 0.025 5 HEP 42

o OPIS 0 HEP 57

A break in the SDC line outside containment is the initiator. The break
is isolated with closure of MV 8 or MV 9. SDC and RHR(B) train is lost.
Isolation of 8\9 valves occurs with level 3 signal. If a LOSP occurs,
the diesels start and load (DV1-2 OK). The operators attempt to initiate j
ECCS water soild operation (OPECS succeeds), but MISIVs are open and the
operators stop the flooding down the open steam lines (OPSOF succeeds
and MSIVs are closed). The operators either fail to decide to steam the
vessel at low pressure (a non-proceduralized action) or they attempt to
steam but cannot get an SRV open. The operators will be aware of the
fact that pressure and temperature will be increasing. As long as the
operators initiate some source of makeup, they can steam at high
pressure. OPSTH is the operator action to steam at high pressure (CRD or
HPCS) and the operators have 4 hours for this task.

O SDC was isolated earlier in the sequence. If OPIS is asked, it
should be set to succeed.

!
|

I

i
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File Name: OPSTHSRV.E2B

Initiator: E2BF20
|

| Event Tree: P (from S, Seq. 12, 35, from E, Seq. 23, 24,
,

from E2BF20, Seq. 5)
|

|
|

! Human Error Events:
Mean HEPs Code #

* OPIS 0.063 10 HEP 57

OPSTH 0.025 5 HEP 42

| An loss of SDC(B) is the initiator. No LOSP. SDC is not restorable. The
| operators attempt to initiate ECCS water solid operation (OPECS

succeeds), but 2 SRVs fail to open. The operators either fail to open 1
SRV (OP1SV) and proceed with going water solid or 1 SRV (1SRVB) fails to
open and they can't go water solid. In either case, they did
successfully diagnose the need to go water solid and tried to open two
SRVs. With no SRVs available, the operators should be aware of the fact
that pressure will be increasing. The low pressure piping needs to be
isolated at 135 psi (auto-isolation at 135 psi) and the operators should
receive an alarm prior to 135 psi. In addition, if the auto-isolation
fails, the operators should get an isolation failure signal. Thus, in
this scenario where operators are attempting to follow procedure (OPECS
succeeds), whether or not the operators consciously decide to steam
(OPSTM succeeds or fails) they should have some probability of realizing
the need to manually isolate the low pressure piping (OPIS) if the auto-
isolation fails (RHRIP). OPIS must be done in the same time period as
OPSTM (23 minutes).

If the auto-isolation logic (RHRIP) and the operators fail to isolate
the low pressure piping, then when something breaks, drain down will
occur and they should get a low level isolation (RHRIL and SDCIL) . As
long as SDC is isolated in some way, the operators could steam the
vessel at high pressure on the safety set point of 1SRV. OPSTH is the
operator action to steam the vessel at high pressure (CRD or HPCS) to
prevent uncovering the core. They have 4 hours to make the correct
diagnosis and perform the necessary actions.

Note. If SDC does not need to be isolated because of the initiator, then
OPIS should be set to 0 (success).
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File Name: OPSTHSRV.T5A

Initiator: T5AF19

Event Tree: P (from S, Seq. 12, 35 from E, Seq. 23, 24,
from T5AF19, Seq. 3)

Human Error Events:
Mean HEPs IE Code # l

OPIS 0.063 10 HEP 57 ;

OPSTH 0.025 5 HEP 42

A loss of SSW is the initiator. No LOSP. OPSDC succeeds and the
operators attempt to initiate ECCS water solid operation (OPECS
cucceeds), but 2 SRVs fail to open. The operators either fail to open 1
SRV (OP1SV) and proceed with going water solid or 1 SRV (1SRVB) fails to
open and they can't go water solid. In either case, they did
successfully diagnose the need to go water solid and tried to open two
SRVs. With no SRVs available, the operators should be aware of the fact
that pressure will be increasing. The low pressure piping needs to be
isolated at 135 psi (auto-isolation at 135 psi) and the operators should
receive an alarm prior to 135 psi. In addition, if the auto-isolation
fails, the operators should get an isolation failure signal. Thus, in
this scenario where operators are attempting to follow procedure (OPECS
succeeds), whether or not the operators consciously decide to steam
(OPSTM succeeds or fails) they should have some probability of realizing
the need to manually isolate the low pressure piping (OPIS) if the auto-
isolation fails (RHRIP). OPIS must be done in the same time period as
OPSTM (23 minutes).

If the auto-isolation logic (RHRIP) and the operators fail to isolate
the low pressure piping, then when something breaks, drain down will
occur and they should get a low level isolation (RHRIL and SDCIL) . As
long as SDC is isolated in some way, the operators could steam the
vessel at high pressure on the safety set point of 1SRV. OPSTH is the
operator action to steam the vessel at high pressure (CRD or HPCS) to
prevent uncovering the core. They have 4 hours to make the correct
diagnosis and perform the necessary actions.
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File Name: OPSTHSRV.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: P (from S, Seq. 12, 35, from EA, Seq. 23, 24, 39,
from LA, Seq. 32, 48, from TIAF16 or TIAF40 or TIAF93,
Seq. 18)

Human Error Events:
Mean HEPs EE Code #

OPIS 0.063 10 HEP 57

OPSTH 0.025 5 HEP 42

Loss of IA is the initiator. SDC(B) starts but the operators fail to
control level (OPDHR fails). The operators attempt to initiate ECCS
water solid operation (OPECS succeeds), but 2 SRVs fail to open. The
operators either fail to open 1 SRV (OP1SV) and proceed with going water
solid or 1 SRV (1SRVB) fails to open and they can't go water solid. In
either case, they did successfully diagnose the need to go water solid
and tried to open two SRVs. With no SRVs available, the operators should
be aware of the fact that pressure will be increasing. The low pressure
piping needs to be isolated at 135 psi (auto-isolation at 135 psi) and
the operators should receive an alarm prior to 135 psi. In addition, if
the auto-isolation fails, the operators should get an isolation failure
signal. Thus, in this scenario where operators are attempting to follow
procedure (OPECS succeeds), whether or not the operators consciously
decide to steam (OPSTM succeeds or fails) they should have some
probability of realizing the need to manually isolate the low pressure
piping (OPIS) if the auto-isolation fails (RHRIP). OPIS must be done in
the same time period as OPSTM (23 minutes).

If the auto-isolation logic (RHRIP) and the operators fail to isolate
the low pressure piping, then when something breaks, drain down will
occur and they should get a low level isolation (RHRIL and SDCIL) . As
long as SDC is isolated in some way, the operators could steam the
vessel at high pressure on the safety set point of 1SRV. OPSTH is the
operator action to steam the vessel at high pressure (CRD or HPCS) to
prevent uncovering the core. They have 4 hours to make the correct
diagnosis and perform the necessary actions.
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File Name: OPSTHST3.J2
1

Initictor: J2F48

Event Tree: P (from S, Seq. 35, from F, Seq. 3, 21,
from E, Seq. 5, 10, 11, from ASISJ, Seq. 1,

from J2F48, Seq. 2)

Human Error Events:

Mean HEPs EE Code #

OPSTH 0.025 5 HEP 42
i

o OPIS 0 HEP 57 |

A break in the SDC line outside containment is the initiator. The break
is isolated with closure of MV a or MV 9. SDC and RHR(B) train is lost.
Isolation of 8\9 valves occurs with level 3 signal. If a LOSP occurs,
the diesels start and load (DV1-2 OK). The operators attempt to initiate
ECCS water solid operation per the IDHR ONEP (OPECS succeeds). ECCS l

fails to run or there is insufficient SP level. The operators fail to
decide to flood or SSWXT fails in an attempt to flood. The operators
fail to decide to steam (OPSTM, which is a non-proceduralized action,
fails). At this point, the SRVs are assumed to be closed. Pressure and
temperature will have increased and many indicators (including alarms)
should be available. To successfully steam at high pressure, the
operators need to provide makeup. The operators have four hours to
realize the need and take the steps to steam at high pressure (on safety

,

set point of 1SRV). CRD and HPCS are potentially available,

o SDC was isolated earlier in the sequence. If OPIS is asked, it
should be set to succeed.

|
|
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File Name: OPSTHST4.J2

Initiator: J2F48

Event Tree: P (from S, Seq. 35,
from EC, Seq. 4, 6, 8, 10, 12, 40, 42, 68, 69, 70,
from E, Seq. 2, 7, from ASISJ, Seq. 1, 6
from J2F48, Seq. 2)

,

Human Error Events:
Mean HEPs EE Code #

OPSTH 0.025 5 HEP 42

O OPIS 0 HEP 57
,

A break in the SDC line outside containment is the initiator. The break
is isolated with closure of MV 8 or MV 9. SDC and RHR(B) train is lost.
Isolation of 8\9 valves occurs with level 3 signal. If a LOSP occurs,
the diesels start and load (DV1-2 OK). The operators successfully j
initiate ECCS water solid operation (OPECS succeeds), but ECCS fails in :

the long-term due to inadequate makeup to the suppression pool. The i
operators fail to decide to steam at low pressure (OPSTM fails). Over ,

time, temperature and pressure will increase and the operators will have
the option of steaming at high pressure. OPSTH is the operator action to
steam at high pressure and the operators have 4 hours for this task. CRD ,

or HPCS may be available. -

0 SDC was isolated earlier in the sequence. If OPIS is asked, it i

should be set to succeed.

,

I

!
.

5

.

:
r
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File Name: OPSTHSTM.E2B

Initiator: E2BF20

Event Tree: P (from SP, Seq. 29, from EP, Seq. 51,
from E2BF20, Seq. 8)

P (from S, Seq. 35, from E, Seq. 51,
from E2BF20, Seq. 5, 6)

Human Error Events:

Mean HEPs Ef Code #

* OPIS 1.0 HEP 41

OPSTH 0.025 5 HEP 42

An loss of SDC(B) is the initiator. OPSDC succeeds or fails, but SDC is
lost. The operators fail to initiate ECCS water solid operation per the
IDHR ONEP (OPECS fails). The operators then fail to steam at low
pressure (OPSTM fails) and the P tree is entered. OPIS is the operator
action to isolate the SDC low pressure piping if the auto-isolation at
135 psi fails. OPIS must occur in the same time period as OPSTM. If
OPECS fails in the current context, something is wrong and it is
difficult to give credit for OPSTM or OPIS in the time available. If the
auto-isolation logic (RHRIP) and the operators fail to isolate the low
pressure piping, then when something breaks, drain down will occur and
they should get low level isolations (RHRIL and SDCIL). As long as SDC
is isolated in some way, the operators could steam the vessel at high
pressure on the safety set point of 1SRV. OPSTH is the operator action
to steam the vessel at high pressure (CRD or HPCS) to prevent uncovering
the core. They have 4 hours to make the correct dignosis and perform the
necessary actions.

* If SDC does not need to be isolated because of the initiator, then
OPIS should be set to O (success).

|

|
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File Name: OPSTHSTM.E2D

Initiator: E2DF93

Event Tree: P (from S, Seq. 35, from EA, Seq. 81,
from E2DF93, Seq. 6)

P (from S, Seq. 35, from EA, Seq. 81,
from LA, Seq. 38, from E2DF93, Seq. 4)

Human Error Events:

Mean HEPs EE sLod.suf

* OPIS 1.0 HEP 41

OPSTH 0.025 5 HEP 42

An complete loss of ADHR is the initiator. SDC(B) is started or it fails
to starts. For sequences where SDC(B) is started, the operators fail to
control level after a loss of CRD. In either case, the operators fail to
initiate ECCS water solid operation per the IDHR ONEP (OPECS fails). The
operators then fail to steam at low pressure (OPSTM fails) and the P
tree is entered. OPIS is the operator action to isolate the SDC low
pressure piping if the auto-isolation at 135 psi fails. OPIS must occur
in the same time period as OPSTM. If OPECS fails in the current context,
something is wrong and it is difficult to give credit for OPSTM or OPIS
in the time available. If the auto-isolation logic (RHRIP) and the
operators fail to isolate the low pressure piping, then when something
breaks, drain down will occur and they should get low level isolations
(RHRIL and SDCIL) . As long as SDC is isolated in some way, the operators
could steam the vessel at high pressure on the safety set point of 1SRV.
OPSTH is the operator action to steam the vessel at high pressure (CRD
or HPCS) to prevent uncovering the core. They have 4 hours to make the
correct dignosis and perform the necessary actions.

* If SDC does not need to be isolated because of tho initiator, then
OPIS should be set to 0 (success).

!

|
t

i

|
'
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File Name: OPSTHSTM. TAB

Initiator: TAB

Event Tree: P (from S, Seq. 35, from EA, Seq. 81, from ADH, Seq. 4, from
TAB 39, Seq. 5)

P (from S, Seq. 35, from E, Seq. 51, from SDC, Seq. 3,
from TAB 39, Seq. 3)

,

Human Error Events:
|

!
Mean HEPs EE . Code #

OPIS 1.0 HEP 41

OPSTH 0.025 5 HEP 42

A loss of AC bus is the initiator. ADHR or SDC(B) fails. OPSDC succeeds,
SDC is lost. The operators fail to initiate ECCS water solid operation
per the IDHR ONEP (OPECS fails). The operators then fail to steam at low
pressure (OPSTM fails) and the P tree is entered. OPIS is the operator
action to isolate the SDC low pressure piping if the auto-isolation at
135 psi fails. OPIS must occur in the same time period as OPSTM. If
OPECS fails in the current context, something is wrong and it is
difficult to give credit for OPSTM or OPIS in the time available. If the l

auto-isolation logic (RHRIP) and the operators fail to isolate the low
pressure piping, then when something breaks, drain down will occur and j
they should get low level isolations (RHRIL and SDCIL) . As long as SDC i

is isolated in some way, the operators could steam the vessel at high I
'pressure on the safety set point of 1SRV. OPSTH is the operator action

to steam the vessel at high pressure (CRD or HPCS) to prevent uncovering
the core. They have 4 hours to make the correct dignosis and perform the
necessary actions.

I

I
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File Name: OPSTHE2B.FLD

Initiator: E2BF20

l Event Tree: P (from S, Seq. 35, from E, Seq. 51,
from E2BF20, Seq. 5)

Human Error Events:

Mean HEPs EE Code #

l
i

OPSTH 0.025 5 HEP 42

OPIS 1.0 HEP 41

Complete loss of SDC common suction line (RHR/SDC and ADHRS completely
lost). The operators either initially fail to detect the loss of SDC or
they do detect the loss (OPSDC succeeds or fails). Regardless, OPECS
fails (E, Seq.51, and EP, Seg, 51). Failure of OPECS in this instance
implies a failure to provide makeup with ECCS and go water solid. These
activities are clearly called out by procedure. Thus, in these

,

scenarios, OPSTM (which is a non-proceduralized action) is assumed to
fail. At this point, with no SRVs open and SDC isolated, pressure and
temperature will have increased significantly. Many indicators
(including alarms) should be available. To successfully steam at high
pressure, the operators need only add some form of makeup. The operators
have four hours to detect the problem and steam at high pressure (on
safety set point of 1SRV). CRD available, HPCS lost due to flood. If
operators have failed in OPECS and OPSTM, no reason to expect them to
isolate low pressure piping if the auto isolation fails. Thus. OPIS is
ste to 1.0.

|
|

|

NUREG/CR-6143 G-584 Vol. 4

|
|



HRA

File Name: OPSTMFD2.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: S (from F, Seq. 21, from EA, Seq. 5, 10, 11, 22,
from LA, Seq. 32, 48, from TIAF16 or TIAF40 or TIAF93,

Seq. 18)

Human Error Events:

Mean HEPs Ef Code #

l OPSTM 0.106 10 HEP 29

* OPMSV 1.0 HEP 82

Loss of IA is the initiator. ADHR is lost and the operators successfully
start SDC(B). The operators then fail to control level given the loss of
CRD, forced recirculation, and RWCU (OPDHR fails). The operators
eventually recognize the problem and initiate ECCS water solid operation
(OPECS successful). ECCS fails and the operators fail to decide to flood
or cannot flood in the time available with the systems available (e.g.,
SSWXT gone in these sequences for one of the flooding scenarios). The
operators will steam the core by default if they open at least 1 SRV and
eventually get some form of injection. The operators have at least FW
available for steaming. Unfortunately, FW will fail due to insufficient
time, even if they started FW during the time for OPFLD. MSIVs are
closed in these sequences.

* According to operators at GGNS, they would not open MSIVs unless a
vacuum was present in the condenser. Cannot assume a vacuum during
POS 5.

|

|

i

|

|
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File Name: OPSTHR74.FLD

Initiator: RWC74

Event Tree: P (from S, Seq. 35, from E, Seq. 51,
from RRW, Seq. 32, from RWC74, Seq. 5)

Human Error Events:

Mean HEPs EE Code #

OPSTH 0.025 5 HEP 42

OPIS 1.0 HEP 41

The initiator is a break in the RWCU line. Depending on where the break
is located in the line, the GPM lost will vary, as will the amount of
time the operators have to respond. OPDHR1 in this case is the operator
action to isolate letdown (RWCU) before level 3 is reached and SDC auto-
isolates. In these sequences, OPDHR1 succeeds. However, the operators
initially fail to bring level back up (OPLEC fails) and they then fail
to initiate ECCS water solid operation per the IDHR ONEP (failure of
OPECS). Since these activities are cleurly called out by the IDHR
procedure given the loss of SDC, the lack of action by the operators
indicates no reason to expect the control room to consciously decide to
steam (a non-proceduralized action). Thus, OPSTM fails for these
scenarios.
At this point, with no SRVs open, pressure and temperature will have
increased significantly. Many indicators (including alarms) should be
available. To successfully steam at high pressure, the operators need
only add some form of makeup. The operators have four hours to detect
the problem and steam at high pressure (on safety set point of 1SRV).
CRD or HPCS could be available. If operators have failed in OPLEC and
OPECS, no reason to expect them to isolate low pressure piping if the
auto isolation fails. Thus. OPIS is set to 1.0.

NUREG/CR-6143 G-586 vol. 4
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File Name: OPSTHT5A.FLD

Initiator: T5AF19

Event Tree: P (from S, Seq. 35, from F, Seq. 21,
from E, Seq. 4, 9, 11, 20, 22,
from T5AF19, Seq. 3)

Human Error Events:
Mean HEPs EE Code #

OPIS 0.063 10 HEP 57

OPSTH 1.0

In the context of a flooding scenario, the initiator is similar to a
loss of SSW along with a LOSP. Because of the flood, SWLOS and IALOS are
acsumed (see T5AF19 initiator) . As a result of IALOS CRD is lost. OPECS
cucceeds, but HPCS fails for any of several reasons, e.g., no water in
SP. Operators either fail to decide to flood or fail because inadequate
time available to align FW. They then fail to decide to steam (OPSTM
fails). SRVs are closed and the operators should be aware of the fact
that pressure will be going up. By Tech. Specs. the low pressure piping
needs to be isolated at 135 psi (auto isolation at 135 psi) and othe
operators should recieve alarm prior to 135. In addition, if auto
isolation fails, the operators should get isolation failure signal.
Thus, in this scenario where the operators are initially attempting to
follow procedure (OPECS succeeds), whether or not the ops consciously
decide to flood or steam (OPSTM and OPFLD succeeds or fails), they
should have some probabilty of realizing the need to manually isolate
the low pressure piping (OPIS) if the auto isolation signal fails
(RHRIP). OPIS must be done in the same time frame as OPSTM (23 min.).
Given the success of OPECS and the signals the operators would receive,

in regards to the low pressure iso?.ation, diagnosing the need to perform i

the isolation was assumed in this case to be independent of the decision i
'concerning steaming. That is, their decision regarding steaming will not

influence their decison to manually perform the failed auto-isolation if
it is indicated.

OPSTH is steaming at high pressure and as long as letdown is isolated,
have 4 hours 'for this task. However, with CRD and,HPCS unavailable,
their are no high pressure systems available for makeup.
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File Name: OPSTMFD3.TIA

Initiator: TIAF16 or TIAF40 or TIAF93
1

| Event Tree: S (from F, Seq. 21, from EA, Seq. 5, 10, 11, 22,
! from TIAF16 or TIAF40 or TIAF93, Seq. 20)

Human Error Events:

Mean HEPs EE Code #

OPSTM 0.106 10 HEP 29

* OPOMS 1.0 HEP 82

!

l Loss of IA is the initiator. The operators recognize the loss of ADHR
| and attempt to start SDC(B) (OPSDC succeeds), but the system fails to
! start. The operators attempt to initiate ECCS water soild operation
'

(OPECS successful), but ECCS fails. The operators fail to decide to
| flood or cannot flood with the systems available in the time available.

Regardless, on the basis of past actions, they will be aware of the need
to get water into the vessel and they will steam by default if they just
get some water in and open at least 1 SRV. Oerators have at least FW
available for steaming. Unfortunately, FW will fail due to insufficient ,

time, even if they started FW in OPFLD. MSIVs are closed. '

* According to ops at GGNS, would not open MSIVs unless had a vacuum
in the condenser. Cannot assume vacuum during POS 5.

|-
,

k

i

!

!
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File Name: OPSTMFS2.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: S (from F, Seq, 3, from EA, Seq. 5, 10, 11, j
from TIAF16 or TIAF40 or TIAF93, Seq. 20) ,

SP (from FP, Seg, 3, from EP, Seq. 5, 10, 11,
from TIAF16 or TIAF40 or TIAF93, Seq. 9)

Human Error Events:
,

Mean HEPs EE Code #

OPSTM 0.106 10 HEP 29

OPOMS 1.0 HEP 82

A loss of IA is the initiator. If a LOSP occurs, the diesels start and
load. SDC is lost. OPECS is successful, but ECCS fails for some reason :

(LPCI fails on demand or no SP level). The operators decide to flood the .

vessel / containment. Flooding fails due to SSWXT failure or
unavailability. Operators have the option of steaming the vessel. |

I

i
|

1
1

J

1
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File Name: OPSTMFWF. TAB

| Initiator: TAB 39

Event Tree: S (from F, Seq 3, 6, 11
from (E, Seq. 4, 15, 20) or (EA, Seq. 4, 9, 11)
from (SDC, Seq. 3) or (ADH, Seq. 4)
from TAB 39, Seq. 3 or 5)

Human Error Events:

Mean HEPs EE Code #

OPSTM 1.0 HEP 49

o OPOMS 1.0 HEP 82

A loss of AC bus is the initiator. No LOSP. The operators attempt to
initiate ECCS water solid operation (OPECS successful), but HPCS fails
or there is no water in the SP. CRD,CDS, and SSWXT are lost with the
loss of the bus and IA. Operators then attempt to flood the
vessel / containment with FW, but FW fails. With SSWXT and FW unavailable,
the operators do not have any systems avialable for steaming.

Note. An error was made in determing the HEP for OPFLD in these
sequences. The operators should not have received credit for OPFLD when

,

only FW was available, because there is insufficient time available in
OPFLD to accomplish the alignment. Thus, credit was not given for OPSTM

i at this point simply because with FW failed, no sytems would be
| available for steaming. In cutsets where FW fails for reasons other than
: hardware failure, where appropriate, credit will be taken during
( " recovery" for the operators attempting to aligning FW for injection.

O According to the operators at GGNS, they would not open MSIVs
unless had a vacuum was present in the condenser. Cannot assume a
vacuum during POS 5.

;

-

|
i
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File Name: OPSTMMK2.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: S (from EC, Seq. 68, 69, from EA, Seq. 2, 7, j

from TIAF16 or TIAF40 or TIAF93, Seq. 20)

S (from EC, Seq. 12, 13, 18, 14, 40, 41, |
42, 68, 69, 70, from EA, Seq. 2, 7, i

from LA, Seq. 32, 48, from TIAF16 or TIAF40 or TIAF93, I

Seq. 18)

SP (from ECP, Seq. 68, 69, from EP Seq. 2, 7, j

i from TIAF16 or TIAF40 or TIAF93, Seq. 9)
|
,

Human Error Events:
;

Mean HEPs EE Code #
,

1

OPSTM 0.106 10 HEP 29

* OPOMS 1.0 HEP 82 |

Loss of IA is the initiator. If a LOSP occurs, the diesels start and
load (DV1-2 OK). SDC(B) fails or contuniues to run, but the operators
initially fail to control level (OPDHR fails). OPECS is successful and
LPCI runs. Either SPMU fails, the operators fail to provide SPMU
(OPSPM), or the operators fail to provide makeup to the makeup (SPMKP)
or to the SP. Therefore, LPCI fails. Operators have the option of
steaming the vessel. At this point they are functionally steaming (SRVs
open) and need only eventually initiate an available system. Per
discussions with operators, this is a very viable option at this point.

* According to operators at GGNS, they would not open MSIVs unless
had a vacuum in the condenser. Cannot assume vacuum during POS 5.

1

-1

i
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File Name: OPSTMMKH. TAB

Initiator: TAB 39

Event Tree: S (from EC, Seq 13, 41, 69,
from E or EA, Seq. 3, 8, 14, 19,
from (SDC, Seq. 3 or 4) or (ADH, Seq. 4)
from TAB 39, Seq. 3 or 5)

1

Human Error Events:

Mean HEPs EE Code #

OPSTM 0.106 10 HEP 29 _

* OPOMS 1.0 HEP 82

A loss of AC bus is the initiator. No LOSP. OPECS is successful and HPCS
runs for ECCS water solid operation. SPMU hardware (SPMU1) prevents SPMU
dump. With no water available for HPCS, the operators have the option of
steaming with FW (CRD,CDS,SSWX gone on loss of bus).

According to operators at GGNS, they would not open any MSIVs*

unless they had a vacuum in the condenser. Cannot assume a vacuum
exists during POS 5.

NUREG/CR-6143 G-592 Vol.4
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File Name: OPSTMMKO. TAB

Initiator: TAB 39

Event Tree: S (from EC, Seq 12, 14, 40, 42, 68, 70
from E or EA, Seq. 3, 8,

from (SDC, Seq. 3) or (ADH, Seq. 4)
from TAB 39, Seq. 3 or 5)

Human Error Events:

Mean HEPs EE Code #

OPSTM 0.106 10 HEP 29

* OPOMS 1.0 HEP 82

A loss of AC bus is the initiator. No LOSP. OPECS is successful and HPCS i

runs for ECCS water solid operation. SPMU hardware (SPMU1) prevents SPMU
dump. With no water available for HPCS, the operators have the option of
steaming with FW (CRD,CDS,SSWX gone on loss of bus and IA.

* According to operators at GGNS, they would not open any MSIVs
unless they had a vacuum in the condenser. Cannot assume a vacuum
exists during POS 5.
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File Name: OPSTMMKU.E2B

Initiator: E2BF20

Event Tree: S (from EC, Seq. 4, 5, 6, 8, 9, 10 12,
40, 41, 42, 68, 69, 70, from E, Seq. 2, 7, 13, 18,
from E2BF20, Seq. 5, 6)

Human Error Events:

Mean HEPs EE Code #

OPSTM 0.106 10 HEP 29

0 OPOMS 1.0 HEP 82

An loss of SDC(B) is the initiator. No LOSP. OPECS is successful and
ECCS is initially OK. Makeup-not provided to SP or SPMU dump prevented
for some reason. Therefore ECCS will fail in the long term. In some
scenarios, SSWXT is available for steaming, but in others only FW is
available. OPSTM is operator action to diagnose the need to steam and
check open at least 1 SRV.

o According to op9 at GGNS, would not open MSIVs unless had a vacuum in
the condenser. Cannot assume vacuum during POS 5.

NUREG/CR-6143 G-594 Vol. 4
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File Name: OPSTMMKU.TSA

Initiator: T5AF19

Event Tree: S (from EC, Seq. 4, 5, 6, 8, 9, 10, 12, 13, 14, 40, 41,
42, 68, 69, 70, from E, Seq. 3, 8, 14, 19, from T5AF19,

'

Seq. 3, 4)

Human. Error Events:

Mean HEPs EE Code #

OPSTM 0.106 10 HEP 29 J

|

* OPOMS 1.0 HEP 82
i

A loss of SSW is the initiator. No LOSP. OPECS is successful and ECCS is
initially OK. Makeup is not provided to SP and therefore ECCS will fail. |
Operators will have the option to steam the vessel.

* According to the operators at GGNS, they would not open MSIVs
unless had a vacuum in the condenser. Cannot assume vacuum during
POS 5.

Per rationale for HEP 29 (OPSTM.SP), OPSTM computed.

Also see OPSTEMMKO. TAB and OPSTMMKH. TAB

i

i

|

i
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File Name: OPSTMMKU.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: S (from EC, Seq. 13, 14, 68, 69, 70,
from E, Seq. 2, 7,
from TIAF16 or TIAF40 or TIAF93, Seq. 5)

Human Error Events:

Mean HEPs EE Code #

|
OPSTM 0.106 10 HEP 29 '

* OPOMS 1.0 HEP 82

Loss of IA is the initiator. No LOSP. SDC(B) fails and OPSDC succeeds.
OPECS is successful and LPCI runs. Operators either fail to provide SPMU
(OPSPM) or fail to provide makeup to the makeup (SPMKP) or to the SP.
Therefore, LPCI will fail. Operators have the option of steaming the
vessel. At this point they are functionally steaming (SRVs open) and
need only eventually initiate an available system. Per discussions with
operators, this is a very viable option at this point.

* According to operators at GGNS, they would not open MSIVs unless
had a vacuum in the condenser. Cannot assume vacuum during POS 5.

NUREG/CR-6143 G-5% Vol. 4
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File Name: OPSTMNFD.E2B |
i

Initiator: E2BF20

Event Tree: S (from F, Seq. 21, from E, Seq. 5, 10, 11, 22,
from E2BF20, Seq. 5, 6)

Human Error Events:

Mean HEPs fl Code #

OPSTM 0.106 10 HEP 29

OPOMS 1.0 HEP 82

A loss of SDC(B) occurs. No LOSP. OPECS is successful, but ECCS fail.a.
Operators fail to decide to flood or cannot flood with the syccems
available in the time available. Regardless, they will steam by default
if they ensure at least 1 SRV is open. Operators will eventually have to
provide makeup.

|

1

!
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File Name: OPSTMNFD.T5A
k

1-

Initiator: T5AF19
i

.

Event Trce: S (from F, Seq 21 ,

from E, Seq. 4, 9, 11, 15, 20, 22 |
'

from TSAF19, Seq. 3, 4) t

4

Human Error Events: .

Mean HEPs EE Code # ;

|

OPSTM 0.106 10 HEP 29 j

OPOMS 1.0 HEP 82
,

A loss of SSW 'is the initiator. No LOSP. OPECS is-successful, but ECCS
fails. Operators fail to decide to flood or' cannot flood with the
systems available in-the time available. Regardless, they will-steam by
default if they ensure at least 1 SRV is open. Operators will eventually
have to provide makeup.

>

!

i
i

f

!

:

:
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i

i
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File Name: OPSTMNFD. TAB

Initiator: TAB 39

Event Tree: S (from F, Seq 21
from E, Seq. 4, 9,

from (SDC, Seq. 3) or (ADH, Seq. 4)
from TAB 39, Seq. 3 or 5)

Human Error Events:

Mean HEPs EE Code #

OPSTM 0.106 10 HEP 29
|

OPOMS 1.0 HEP 82 |
l

A loss of AC bus is the initiator. SDC(B) or ADHR is lost. No LOSP. !
OPECS is succespful, but ECCS fails. Operators fail to decide to flood |

or cannot flood with the systems available in the time available. )
Regardless, they will steam by default if they ensure at least 1 SRV is |
open. Operators will eventually have to provide makeup. j

!

|
|
|

|
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File Name: OPSTMNFD.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: S (from F, Seq. 21, from E, Seq. 5, 10, 11, 22,
from TIAF16 or TIAF40 or TIAF93, Seq. 5)

Human Error Events:

Mean HEPs EE Code #

OPSTM 0.106 10 HEP 29

OPOMS 1.0 HEP 82

A loss of IA is the initiator. No LOSP. OPECS is successful, but ECCS
fails. Operators fall to decide to flood or cannot flood with the
cyatems available in the time available. Regardless, they will steam by
default if they ensure at least 1 SRV open and eventually provide
makeup. Operators have at least FW available for steaming.
Unfortunately, FW will fail due to insufficient time, even if they
started FW in OPFLD.

Per rationale for HEP 29 (OPSTM.SP) , OPSTM computed.

Also see OPSTMNFD. TAB and***OPSTMNFD.SP***

|
!
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File Name: CPFLDRM4.FLD

Initiator: RWC74

Event Tree: F (from RRW, Seq. 13, 26, from RWC74, Seq. 2)

F (from RARW, Seq. 13, 26, from RWC74, Seq. 9)

Human Error Events:

Mean HEPs EE Code #
.

OPFLD 0.138 10 HEP 28

OPMSV 0.01 5 HEP 90

OP1SV 0.302 10 HEP 5

The initiator is a break in the RWCU line. In this scenario, the
operators successfully isolate RWCU before level 3 is reached and
therefore SDC does not auto-isolate. The operators attempt to provide
makeup with an ECCS system to bring level up to where it should be ;

(OPLEC succeeds), but ECCS fails. Operators must diagnose the need to
flood the vessel / containment. SSWXT is available.

;

C

-
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File Name: OPFLDRM6.FLD

Initiator: RWC26

Event Tree: F (from RRW, Seq. 13, 26, from RWC26, Seq. 2)

F (from RARW, Seq. 13, 26, from RWC26, Seq. 9)

Human Error Events:

Mean HEPs EE Code #

OPFLD 0.138 10 HEP 28

OPMSV 0.01 5 HEP 90

OP1SV 0.302 10 HEP 5

The initiator is a break in the RWCU line. In this scenario, the
operators successfully isolate RWCU before level 3 is reached and
therefore SDC does not auto-isolate. The operators attempt to provide
makeup with an ECCS system to bring level up to where it should be
(OPLEC succeeds), but ECCS fails. Operators must diagnose the need to
flood the vessel / containment. SSWXT is available.

|
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File Name: OPFLDTIA.FLD

Initiator: TIAF40, TIAF93
1

lEvent Tree: F (from EA, Seq. 5, 10, from L, Seq. 32, 48, !

from TIAF40, Seq.. 18) {
|

F (from EA, Seq. 5, 10, from L, Seq. 32, 48, l

from TIAF93, Seq. 18)

!

Human Error Events: )

EntrLEIEg EE Code #

OPFLD 1.0 HEP 33

In this flooding scenario, the impact of the break in the PSW piping is
similar to the loss of IA initiator except that SSWXT would nat be
available due to the flooding. In the present sequences, ADHR is lost,
but SDC(B) is successfully started. At some later point, CRD, forced
recirculation, and RWCU are lost. The operators initially fail to
control level (OPDHR fails) to prevent a " functional" loss of SDC, but
eventually recognize the need for decay heat removal and attempt to
initiate ECCS water solid operation (OPECS succeeds). However, ECCS
fails (either systems or no SP level). Without SSWXT available, the
operators would be unable to flood. There is insufficient time available
to align the FW system for flooding.

|

!

|
;
i

|
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File Name: OPSTMNFS.E2D

Initiator: E2DF93

Event Tree: S (from F, Seq, 3, from EA, Seq. 4, 9,

from E2DF93, Seq. 6)

S (from F, Seq, 3, from EA, Seq. 4, 9,

from LA, Seq. 38, from E2DF93, Seq. 4)

Human Error Events:

Mean HEPs EE Code #

OPSTM 0.106 10 HEP 29

OPOMS 1.0 HEP 82

A conplete loss of ADHR is the initiator and it is not restored. In some
sequences, SDC(B) is started, but the operators fail to control level
after a loss of CRD. Eventually, the operators attempt to initiate ECCS
water solid with HPCS (OPECS successful), but HPCS fails (LPCI is
unavailable from the initiator). The operators decide to flood the
vessel / containment. Flooding fails due to SSWXT failure or
unavailability. The operators have the option of steaming.

|

|

|

l
l
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File Name: OPSTMNFS.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: S (from F, Seg, 3, 6, from E, Seq. 5, 10, 11, 16, 21,
from TIAF16 or TIAF40 or TIAF93, Seq. 5)

Human Error Events:

Mean HEPs EE Code #

OPSTM 0.106 10 HEP 29

OPOMS 1.0 HEP 82
i

A loss of IA is the initiator. No LOSP. OPECS is successful, but ECCS
fails for some reason (LPCI fails on demand or no SP level). The
operators decide to flood containment. Flooding fails due to SSWXT
failure or unavailability. Operators have the option of steaming the
vessel.
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File Name: OPSTMOF.E2B

Initiator: E2BF20

Event Tree: S (from OF, Seq. 1, from E, Seq. 50,
from E2BF20, Seq. 5, 6)

Human Error Events:

Mean HEPs XE Code #

OPSTM 0.106 10 HEP 29

* OPMSV
_

OPOMS 1.0 HEP 82

A loss of SDC(B) is the initiator. No LOSP. OPECS is successful, but the
operators fail to close open MSIVs in time and they have to stop the
flooding down open main steam lines (OPSOF). The operator option to
steam conservatively assumes ECCS would no longer be available after
overfill stopped. With no option for water solid, steaming is viable.

In this scenario, the operators successfully stopped flooding down*

MSIVs (OPSOF succeeds), thus MSIVs are closed.

NUREG/CR-6143 G406 vol. 4
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File Name: OPSTMOFP.T5A

-Initiator: T5AF19

Event Tree: S (from OF, Seq. 1, from E, Seq. 50,
from T5AF19, Seq. 3)

Human Error Events:

Mean HEPs EE Code #

OPSTM 0.106 10 HE'P 29

o OPMSV

OPOMS 1.0 HEP 82

A loss of SSW is the initiator. No LOSP. OPECS is successful, but the
operators. fall to close open MSIVs in time and they have to stop the
' flooding down open main steam lines (OPSOF). The operator option to
steam conservatively assumes ECCS would no longer be available after
overfill stopped. With no option for water solid, steaming is viable.:

Io In this scenario, the operators successfully stopped flooding down
MSIVs (OPSOF succeeds), thus MSIVs are closed.

Vol. 4 0-607 NUREGICR-6143
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File Name: OPSTMOF.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: S (from OF, Seq. 1, from E, Seq. 50,
from TIAF16 or TIAF40 or TIAF93, Seq. 5)

S (from OF, Seq. 1, from EA, Seq. 80,
from TIAF16 or TIAF40 or TIAF93, Seq. 20)

SP (from OFP, Seq. 1, from EP, Seq. 50,
from TIAF16 or TIAF40 or TIAF93, Seq. 9)

9

S (from OF, Seq. 1, from EA, Seq. 80,
from LA, Seq. 32, 48, from TIAF16 or TIAF40 or TIAF93,

Seq. 18)

Human Error Events:

Mean HEPs EE Code #

OPSTM 0.106 10 HEP 29

o OpMSV

OPOMS 1.0 HEP 82

A loss of IA is the initiator. FCIRC, CRD, CDS, and RWCU are lost. If
a LOSP occurs, the diesels start and load (DV1-2). IF SDC continues to
run, the operators fail to control level (OPDHR fails). Regardless,
OPECS is successful, but the operators fail to close open MSIVs in time
and they have to stop the flooding down open main steam lines (OPSOF).
The operator option to steam conservatively assumes the operating ECCS
system would no longer be available after overfill stopped. The
operators have the option of steaming the vessel.

o In this scenario, the operators successfully stopped flooding down
MSIVs (OPSOF succeeds), thus the MSIVs are closed.

NUREG/CR4143 G408 Vol. 4
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File Name: OPSTMSNP.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: SNP (from HPSWR, Seq. 52, from TIAF16 or TIAF40 or TIAF93,
Srq. 11)

Human Error Events:

Mean HEPs EE Code #

OPSTM 1.0 HEP 49'

A loss of IA is the initiator. A LOSP occurs and the diesel fails to
ctart. HPCS is available, but OPECS fails. For this sequence, OPSTM will
foil in SNP. If the operators fail to use their only available system
end go water solid per procedure (OPECS fails), no reason to expect them
to consciously decide to steam (a non-proceduralized action). However,
credit for HPCS will be applied during recovery,

Vol. 4 G-609 NUREG/CR-6143
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File Name: OPSTMSRV.E2B

Initiator: E2BF20

Event Tree: S (from E, Seq 23 or 24, from E2BF20, Seq. 5)

Human Error Events:

Mean HEPs KE Code #

OPSTM 0.106 10 HEP 29

OPOMS 1.0 HEP 82

A loss of SDC(B) is the initiator. OPSDC succeeds, but all RHR gone due
to the initiator. OPECS succeeds, but the operators fail to proceed with
only 1SRV (OP1SV fails) or 1 SRV will not open (1SRVB fails). The
operators have the option of steaming (consciously or unconsciously) the
vessel, but will eventually need to get 1 SRV open. If they don't, will
have the option of steaming at high pressure.

,

i
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File Name: OPSTMSRV.J2

I
Initiator: J2F48 |

Event Tree: S (from E,. Seq. 23, 24, from ASISJ, Seq. 1,
from J2F48, Seq. 1)

S (from E, Seq. 23, 24, from ASISJ, Seq. 6,

from J2F48, Seq. 1)

Human Error Events:

Mean HEPs El Code #
1

OPSTM 0.106 10 HEP 29

OPOMS 1.0 HEP 82

A break in the SDC line outside containment is the initiator. The break
is isolated with closure of MV 8 or MV 9. SDC and RHR(B) train is lost.
Isolation of 8\9 valves occurs with level 3 signal. If a LOSP occurs,
the diesels start and load (DV1-2 OK). Operators attempt to go ECCS
water solid (OPECS succeeds), but 2SRVs fail to open and either the
operators fail to proceed with one SRV or one fails to open. Operators
may decide to steam the vessel.

I
i
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File Name: OPSTMSRV.TSA

Initiator: TSA

Event Tree: S (from E, Seq 23 or 24, from T5AF19, Seq. 3, 4)

Human Error Events:

Mean HEPs EE Code #
|

OPSTM 0.106 10 HEP 29

OPOMS 1.0 HEP 82

A loss of SSW is the initiator. Eventually, OPECS succeeds, but the
operators fail to proceed with only 1SRV (OP1SV fails) or 1 SRV will not
open (ISRVB fails). The operators have the option of steaming the vessel
(consciously or unconsciously), but they will eventually need to get 1
SRV open. If they don't, they will have the option of steaming at high
pressure.

t

I
l

I

|

|
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File Name: OPSTMSRV. TAB

Initiator: TAB 39

Event Tree: S (from E, Seq. 23, 24, from SDC, Seq. 3, 4,
from TAB 39, Seq. 3)

,

1

Human Error Events: ;

|Mean HEPs EE Code #
|

OPSTM 0.106 10 HEP 29 !

|

OPOMS 1.0 HEP 82 !

A loss of AC bus is the initiator. SDCB fails. OPSDC' succeeds or fails,
but no SDC is obtained. OPECS succeeds, but the operators fail to
proceed with only 1SRV (OP1SV fails) or 1 SRV will not open (1SRVB
fails). The operators have the option of steaming the vessel
(consciously or unconsciously), but they will eventually need to get 1
.SRV open. If they don't, they will have the option of steaming at high
pressure.

I

i
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HRA

File Name: OPSTMSRV.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: S (from E, Seq 23 or 24, from L, Seq. 32, 48,
from TIAF16 or TIAF40 or TIAF93, Seq. 3)

Human Error Events:

Mean HEPs EE Code #

iOPSTM 0.106 10 HEP 29

OPOMS 1.0 HEP 82

A loss of IA is the initiator. SDC(B). SDC(B) continues to run. RWCU
isolates and CDR gone with the initaitor. OPDHR fails, but OPECS
succeeds. However, the operators fail to proceed wuth ECCS water solid
with only 1SRV (OP1SV fails) or 1 SRV will not open (1SRVB fails). The
operators have the option of steaming the vessel (consciously or
unconsciously), but they will eventually need to get 1 SRV open. If they
don't, they will he're the option of steaming at high pressure.

I
l

l

l
i

i

|

|

|
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HRA

File Name: OPSTMSV2.TIA
i

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: S (from EA, Seq 23, 24, 39, from LA, Seq. 32, 48,
,

from TIAF16 or TIAF40 or TIAF93, Seq. 18) )
|

Human Error Events: '

|

Mean HEPs Ef_ Code # |

OPSTM 0.106 10 HEP 29

OPOMS 2.0 HEP 82

A loss of IA is the initiator. ADHR is lost and SDC(B) is started. RWCU
icolates and FCIRC, CRD, and CDS are lost with the initaitor. OPDHR
fails, but OPECS succeeds. However, the operators fail to proceed wuth
ECCS water solid with only 1SRV (OP1SV fails) or 1 SRV will not open
(ISRVB fails). The operators have the option of steaming the vessel
(consciously or unconsciously), but they will eventually need to get 1
SRV open. If they don't, they will have the option of steaming at high
pressure.

1

|
!

l

i

I

|

;
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i

I

HRA

File Name: OPSTMYD.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: S (from E, Seq. 51, from L, Seq. 32,
from ADEP, Seq. 3, from OVPR, Seq. 4,

from HYDRO, Seq. 5, from TIAF16 or TIAF40 or TIAF93, Seq.
33)

Human Error Events:

Mean HEPs EE Code # ]

OPSTM 1.0 10 HEP 49

A loss of IA during HYDRO is the initiator. FCIRC, CRD, and RWCU are
lost. RWCU in the recirculation mode fails to continge to run. No LOSP. '*

The SRVs open on safety set point and fail to close (SAFEC).
Depressurization occurs. In ADEP tree SDCUI succeeds and SDC(B) runs.

|
The operators fail to control level (OPDHR fails) and they fail' to
initiate ECCS water solid operation (OPECS fails). The operators have
the option of steaming at low pressure. However, this is a non- '

proceduralized action and given their pattern of failures, no credit
given for steaming. Credit is given for deciding to steam at high '

pressure in P tree, where substantially more time is available.

t

;

t

,

>.

t

'
.

t

!
.
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HRA

File Name: OPSTMYD2.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: S (from F, Seq. 3, from E, Seq. 5, 10,
from ADEP, Seq. 6, from OVPR, Seq. 4,
from HYDRO, Seq. 5, from TIAF16 or TIAF40 or TIAF93, Seq.
33)

Human Error Events:

.Mean HEPs EE Code #

OPSTM 0.106 10 HEP 29

OPOMS 1.0 HEP 82

A loss of IA during HYDRO is the initiator. FCIRC, CRD, CDS, and RWCU
are lost. RWCU in the recirculation mode fails to continue to run. No
LOSP. The SRVs open on safety setpoint and fail to close (SAFEC).
Dspressurization occurs. In ADEP tree SDCUI succeeds, but SDC(B) and
ADHR1 fail or are unavaiable. Thus, enter the E tree and OPECS. OPECS is
successful, but ECCS fails on demand and the operators decide to flood
the vessel / containment. Flooding fails due to SSWXT failure or
unavailability. The operators have the option of steaming.

Vol. 4 G417 NUREG/CR4143
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HRA

File Name: OPXTIE.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: TIAF16 or TIAF40 or TIAF93

Human Error Events:

!Mean HEPs EE Code #

XTIEB 0.073 10 HEP 19

* OPSDC 0.6 10 HEP 20

In this scenario, a loss of IA and a LOSP has occurred and the diesel
generator has failed to start. HPCS is determined to be unavailable,
which indicates the need to cross-tie the HPCS DG to train 2 (XTIEB).
OPSDC involves diagnosing the likelihood that SDC(B) will isolate on 135
PSI when the cross-tie is completed (and thus not be available) and then
entering the IDHR ONEP to prepare for initiating ECCS water solid
operation per procedure (OPECS). If the control room fails to make this
diagnosis in the time allowed for OPSDC, the time available for OPECS
might not be used appropriately. That is, the operators could simply
waste the time for OPSDC and OPECS with the notion that they will
restart SDC(B) when they get the cross-tie completed and then not have
any time for diagnosing and carrying-out the actions related to OPECS
(starting an ECCS system (LPCI (C)) and opening SRVs etc). As indicated
by the HEP for OPSDC, the correct diagnosis is non-trivial.

Use this value for OPSDC only in sequences where XTIEB is asked.*

NUREG/CR-6143 G-618 Vol. 4



HRA

File Name: SDCUI. TAB

Initiator: TAB 39

Event Tree: ADEP (from DVPR, Seq. 4, from HYDRO, Seq. 5,
1

from TAB 39, Seq. 7) |
|

Human Error Events:

Mean HEPs EE Code #

SDCUI 0.04 5 HEP 48

A loss of AC bus during HYDRO occurs. No LOSP, but IA isolates. RWCU
(letdown) and CRD (makeup) are lost, as is recirculation. SRVs open on
safety set point and fail to close. Thus, the vessel depressurizes. Some
form of SDC is needed. SDCUI is operator action to unisolate several
systems and initiate ADHR. RHR is unavailable. While ADHR is available,
soveral actions are required before it can be started. The operators
must unisolate IA and PSW, and restore TBCW. The necessary actions are
indicated in the ONEPs for the loss of AC power and for IDHR. The
operators have 8.7 hrs. available for the diagnosis and actions. During

,

j
HYDRO, water level is high enough for natural recirculation, so they '

just need to initiate ADHR.

Vol. 4 G419 NUREG/CR-6143
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File Name: SDCUI.TIA

Initiator: TIAF16 or TIAF40 or TIAF93

Event Tree: ADEP (from OVPR, Seq. 4, from HYDRO, Seq. 5,

from TIAF16 or TIAF40 or TIAF93, Seq 33)

Human Error Events:

Mean HEPs EE Code #

SDCUI 3.5E-3 5 HEP 52

_

A loss of IA occurs during a HYDRO test. FCIRC, CRD, and RWCU are lost.
RWCU (letdown) isolates and recirculation mode is lost. SRVs open on
safety set point and fail to close. Thus, depressurization occurs. A
normal means of SDC is needed. SDCUI is the operator action to initiate
RHR/SDC or ADHR. RHR is available and can be aligned from the control
room . The operators have 8.7 hrs. to diagnose need for some form of SDC
and initiate the system. During HYDRO, water level is high enough for
natural recirculation, so they just need to initiate RHR/SDC(B).

NUREG/CR4143 G420 Vol. 4
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HRA
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l

File Name: SDCUI.TIO

Initiator: TIOPF65

Event Tree: ADEP (from OVPR, Seq. 4, from TIOPF65, Seq 19)

Human Error Events:

Mean HEPs EE Code #

SDCUI 3.5E-3 5 HEP 52
1

1

A mismatch between letdown and makeup occurs during a HYDRO test. SRVs
open on safety set point and fail to close. Thus, depressurization
occurs. A normal means of SDC is needed. SDCUI is the operator action to

,

Iinitiate RHR/SDC or ADHR. RHR is available and can be aligned from the
control room. The operators have 8.7 hrs. available for the diagnosis
and actions. During HYDRO, water level is high enough for natural
recirculation, so they just need to initiate RHR or ADHR.

|

!

!
1

|

|
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HRA
.

File Name: SPMUN.TSA
,

Initiator: TSAF19

Event Tree: ECNP (from HPSWR, Segs. 1, 4, 8, 11, 34, 37,
from T5AF19, Seq. 6) ;

Human Error Events:

Mean HEPs EE Code #
!

'
SPMUN 0.011 5 HEP 26

SPMKN 0.032 5 HEP 27

:

A loss of SSW is the initiator. LOSP is lost and the diesels fail to
start. HPCSA is successful and OPECS succeeds in HPSWR. That is, the

,

operators initiate ECCS water solid operation. Given HPCS is injecting,
the operators must diagnose the need to makeup water to the SP with SPMU
(SPMUN) and provide additional makeup (SPMKN).

,

|

s

r

i

!

,

:
t

t
.*

!
s
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HRA

File Name: SPMUNECN.E2B

Initiator: E2BF20

Event Tree: ECNP (from HPSWR, Seqs. 1, 4, 8, 11, 34, 37, 41, 44)
from E2BF20, Seq. 10)

Human Error Events:

Mean HEPs EE Code #

SPMUN 0.011 5 HEP 26

SPMKN 0.032 5 HEP 27

l

From ElB5H or E2BF20, HPCSA is OK and OPECS succeeds in HPSWR. I

Given HPCS is injecting, the operators must diagnose the need to makeup
water to the SP with SPMU (SPMUN) and provide additional makeup (SPMKN).

.

|
.

!

!

I
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HRA

File Name: SPMUNECN.T5A ,

!

Initiator: T5AF19

Event Tree: ECNP (from HPSWR, Seqs. 1, 4, from T5AF19, Seq. 6)

Human Error Events:

Mean HEPs EE Code #

SPMUN 0.011 5 HEP 26
i

SPMKN 0.032 5 HEP 27
!

From T5AF19, liPCSA is successful and OPECS succeeds in HPSWR. i

Given HPCS is injecting, the operators must diagnose the need to makeup
water to the SP with SPMU (SPMUN) and provide additional makeup (SPMKN).

,

5

P

,

|

t

s

e

!
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HRA ,

File Name: SPMUNECN.TIA
:

Initiator: TIAF16 or TIAF40 or TIAF93 !
>

Event Tree: ECNP (from HPSWR, Seqs. 1, 4, 8, 11, 34, 37, ,

from TIAF16 or TIAF40 or TIAF93, Seq. 11) !

Human Error Events:
.

Heal HEPs Ef, Code # |
J

SPMUN 0.011 5 HEP 26 '

+

SPMKN 0.032 5 HEP 27
i

A loss of IA is the initiator and a LOSP also occurs. The diesels fail ,

to start, but HPCSA is successful and OPECS succeeds in HPSWR. !
*

Given HPCS is injecting, the operators must diagnose the need to makeup
water to the SP with SPMU (SPMUN) and provide additional makeup (SPMKN).

!

!

!

t

f

,

f

|

|

|
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Appendix H - Flood Specific Event Trees and Top Event Definitions
,

H.1 Event Trees initiators also required the development of three transfer
trees for the second level of analysis, the RRW, RARW,

As discussed in the body of the report and Appendix F, and RWCHI trees. These trees are given in Figures
|

initiating event trees for flood-induced initiators were, in H.19 through H.21. For other event trees, the reader is !

most cases, identical to the corresponding non-flood referred to Whitehead et al., BWR Iew Power and

initiating events, in these cases, for the sake of clarity, Shutdown Accident Freauencies. Phase 2 Volume 1,

the initiating event names were changed to those of flood. Part 1.

induced initiators and run with the flood initiator
frequency and other top event frequencies changed as II.2 Flood Specific Top Events
cppropriate. "Ihese event trees are given in Figures H.1
through H.16. The top events in the flood analyses are the same as

those in the report referenced in Section H.1. Five t

The RWC26 and RWC74 events required the additional top events were required to address flood-
i development of new initiating event trees. These trees induced initiators. These are defined in Table H.l. '

cre given in Figures H.17 and II.18. The RWC

Table H.1
Flood Specific Top Events

OPDilR1 Operator fails to isolate RWCU before level 2 is reached (applies to break in RWCU !
pump suction or pump outlet line).

OPSDCI Operator fails to recognize loss of operating SDC system due to RWCU pipe break.

RWAIS RWCU auto-isolates on level 3 after RWCU pipe break

OPADH Operator action to configure system to run on ADHRS from HYDRO

NOACDC Developed event for loss of all AC and DC power except for Balance of Plant (BOP)
power.

Vol. 4 H-1 NUREG/CR-6143
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Flood Specific Event Trees
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Flood Specific Event Trees
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Flood Specific Event Trees

QQ Q Q

If I I| il_ssub=51ssumihm!!!
g ,

e

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

g -~~*~ vees m eer=ce:f.ru.m

_

6
_

_h
g _ _ _ _ __

_

g _ _ _ __

_

g __ __

_

g __

_

7
s

-

[ l
{s

b k- $f r
of 6. u

-

E U i i!|[! N gs! j'2
p}, 1: -

l 2

g I ]as 11-

1 1
1'jIN - ,l ,

<

gil sat 3 ba i i ,

11 1 1f yE 5 '

$

| {IN3s
#

ji(jI' l
E tI q 8

~; Li k al :s1111, -

3 . . .

|

.

.

I

Figure 11.4 TIAF40 Event Tree

Vol. 4 H-5 NUREG/CR-6143



Flood Specific Event Trees

QQ Q Q

g if 'f 1

a VL_ssdre.eltsunnw, sust!

; - - - - .=m , m a - x w m

_

$
_

_i
_ -- -_

__

g __ __ __

_

g __ __

_

| . _ . -

_

$
i. I {a

f ik
d s!ni

$f r
p,' 1s .

I t h i a d {i I [5
>l '

I|
|||}|f g $}:8 U ! g3

-
Ig- I I $

-

}g ;3. N1[1l1.1i !

{ |Ij !8 ; 1 *[1:8
E IN q 8)ul
T f.!I ) Ef.! |E II b' ; - -

. . .

_ ,

l
1

:

!

l
i

| Figure 11.5 TIA133 Event Tree
!

NUREG/CR-6143 H-6 Vol. 4 <



- _ _ _ - _ _ - - _ _ _ _ _

Flood Specific Event Trees
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Flood Specific Event Trees
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<

E
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1 eNOT-VALID a
"

2 T ASISJ 1,

3 T CB'
2

4 T CB
5 eNO$-VALID

1 Breck in SDC cuiside containment isolated
due to auto closure of W 8 or W 9 on low

3 level 3. Ironsfer to portion of large LOCA
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