DRAFT

Letter Report
on
Review and Evaluation
of the
Indian Point Probabilistic Safety Study

August 25, 1982

Sandia National Laboratories
Albuquerque, New Mexico 87185

Prepared for

Reliability and Risk Assessment Branch
Office of Nuclear Reactor Regulation
U. 8. Nuclear Regulatory Commission

Washington, DC 20555

A ——
e
—
-
e

T 42dar%bike XA O

—




2.7
2.7.1
2.7.2
2.7.3
2.7.4
2.7.5
2.7.6
2.7.7
2.7.8

3.0

3.1

3.2
3.2.1
3.2.2
3.2.3

Table of Contents

Inttoduction."..‘..........‘....
At‘.' cf R‘Vie'o L R A L R
Initiating Wents. L I L Y

Event Ttee'.....l.O......‘.......

Mitigating System Success Ctitetia.................

'ault Trees...'.....'..‘...'I...l

I.................

Human Reli&bility Analysis....O..'...'......'......

Estimation Methodology...........

Internal and External Flood........................

Fire....................I..........'...............

Transportation.........‘.........

Tutbine "issiles.........I...........'.............

Airctaft Cr.shes.................
Seismic and Wind Fault Tree/Logic

Accident Sequence Analysis.......

"odels...........

Introducticn........C.II..O.............QIO........

Indian Point 2 Dominant Accident Sequence Review...

Seismic: Loss of Control or Powet.................

Fire Involving Electrical Tunnel or Switchgear Room

Fires Involving Electrical Tunnel

Page

1-1
2,1-1
2.1-1
2,2-1
2,3-1
2.4-1
2,5-1
2.6-1
2.7.1-1
2.7.1-1
2.7.2-1
2.7.3-1
2.7.4-1
2,7.5-1
2.7.6-1
2.7.7-1
2.7.8-1

3.1-1

3.1-1
3.2.1-1
3.2.1-1
3.2.2-1
3.2.3-1



3.2.4

3.2.5

3.2.6

3.2.7
3.2.8
3.2.9
3.2.10

3.2.11

3.2.12

3.2.13
3.2.14

3.2.15
3.2.16
3.3
3.3.1
3.3.2

Turbine Trip Due to Loss of Offsite Power:

Failure of Two Diesel Generators, RCP Seal Loca,
and Failure to Recover AC Power Until One Hour.....
Hurricane, etc., Wind: Loss of All AC Power Due

to High Winds......................................
Tornado and Missiles: Causing Loss of Offsite
Power and Service Water Pumps er Control Building..
Small LOCA: Failure of Recirculation Cooling......
Large LOCA: Failure of Recirculation Cooling......
Medium LOCA: Pailure of Recirculation Cooling.....
Turbine Trip Due to Loss of Offsite Power: Loss

of All AC Power, RCP Seal LOCA, Failure to Recover
External AC Power Until After One BOUPcovoscssansnese
Large LOCA: Pailure of Low Pressure Safety
Injection..........................................
Turbine Trip Due to Loss of Offsite Power: Failure
of Two Diesel Generators, RCP Seal LOCA, Pailure to
Recover AC Power (Within Three HOULS) covvvvvnne,...
Small LOCA: Failure of High Pressure Injection....
Turbine Trip Due to Loss of Offsite Power: Loss of
All AC Power, RCP Seal LOCA, Failure to Recover AC
Power (Within Three Hours).........................
Event V: The Interfacing Systems SOER s scannvsstses
Seismic: Direct Containment (Backfill) PFailure....
Indian Point 3 Dominant Accident Sequence Review...
Small LOCA: Pailure of High Pressure Recirculation

Fines Involving Switchgear Room or Cable Spreading

Roomli............Q..‘........'..................l.

3.2.4-]

302.5-1

3.2.6-1
3.2.7-1
3.2.8-1
3.2.9-1

3.2.10-1

3.2.11-1

3.2.12-1
3.2.13-1

3.2.14-1
3.2.15-1
3.2.16-1
3.3.1-1
3.3.1-1

303.2-1



3.3.3

3.3.4

3.3.5
3.3.6
3.3.7

3.3.8
3.3.9

3.3.11

3.3.12
‘.0
4.1

4.2
4.3
4.4

4.5
4.6
4.7
5.0
5.1

Large LOCA: Failure of Low Pressure Recirculation
Co0liNgescessscccsscscnsssccscsnsssssscacesssosssasssase
Medium LOCA: Failure of Low Pressure Recirculation
CO0LliNGeescssoccvsesccsssoscossccssssscssssscsssssssos
Large LOCA: PFailure of Safety Injection.....ceceees
Small LOCA: Pailure of Safety Injection....cesceces
Turbine Trip Due to Loss of Offsite Power: Loss of
All AC, RCP Seal LOCA, PFailure to Recover AC Power
Until After One HOUC...oessoscsssccssssnasnssssosnnes
Seismic: Loss of Control or AC POWerl..ceesssssscses
Tornado and Missiles: Loss of Offsite Power and
Service Water PUmMPS..ccccccccscsccscsssccsssssssssns
Turbine Trip Due to Loss of Offsite Power: Loss of
All AC Power, RCP Seal LOCA, Failure to Recover AC
Power (Within Three HOULS) ..veeveveccscccssocnnncnns
Seismic: Containment Failure.....ceceevcecsvcnccass
Special ISSUeS..ccessvesvsscossssssssssasssssscsnnns
Steam Generator Tube Rupture with Stuck Open
Secondary Safety Valve...ccceeeesescrssassscsssannss
Core Melt/Systems InteractionS....ceveeevcsccccncsss
Feed and Bleed Capability..cvecieevsoscscncsssnncans
Proposed Indian Point Plant Design Modifications as
a Result of the IPPSS...cveevesccscncnscsvsancnnssnns
Reactor Coolant Pump Seal LOCA...ccvvvvscvscssvansns
Loss of Component Cooling Water Due to a Pipe Break.
CompletenesSsS. . .oceecssesssssssssssssnsssasssssnnssnns

Summary and ConclusionS....covevscensssvsscssssnnnns

I.pott.nt rinding....‘.....0.................'..l'.l

303.3‘1

3.3.4-1
303.5-1
3.3.6-1

3.3.7-1
3.3.8-1

3.3.10-1

3.3.11-1
3.3.12-1
4.1-1

4.1-1
‘.2-1
‘.3-1

4.4-1
4.5-1
4.6-1
4.7-1
S.1-1
S5.1-1



Indian Point Letter Report

l. Introduction

Sandia National Laboratories has performed a limited review of
the system analysis and external events analysis of the Indian
Point Probabilistic Safety Study! (IPPSS)for the Office of
Nuclear Reactor Regulation of the Nuclear Regulatory Commission,.
The review has been conducted over a three and one-half month
period, by Sandia personnel with contractor support. To date,
approximately 2C man-months effort has been expended in the
review. The results provided in this report should be considered
preliminary pending NRC review. Following that review a final
letter report will be released.

The review has focused on the plant analysis and external
events analysis of the Indian Point study. Each major topic area
of the plant analysis portion of the study was review:d: initiat-
ing events, event trees, success criteria, fault trees, human reli-
ability analysis, component data, and uncertainty. The treatment
of external events, including seismic, fires, floods, missiles,
wind, transportation of hazardous materials, and aircraft crashes,
was also reviewed. Not every topic was reviewed in detail.
Emphasis of our review was on those portions of the analysis which
appeared most important to the results of the Indian Point study.

In addition to each topical area, the important accident
Sequences from the study were reviewed in detail. The sequences
dominating risk were reviewed in detail as well as sequences impor-
tant to the core melt probability but contributing little to risk
due to the low consequences anticipated for these accidents. The
intent of the sequence review was to evaluate the analysis of the
Indian Point study and to evaluate the changes in the estimated
frequencies of the sequences which could arise from differences in
assumptions and the treatment of data.

Several issues and assumptions were evaluated in addition to
the sequences. The issues were chosen as a result of interest on
the part of NRC or pecause of their having been important in other
risk assessments. Several of these issues, such as feed and bleed
Capability and interactions between core melt and containment
systems, are issues for which somewhat controversial assumptions
must be made which may differ between analysts. Other issues, such
as anticipated transients without scram, are generic, unresolved
safety issues. Still others, such as the treatment of reactor

‘Indian Point Probabilistic Safety Study, Power Authority of
the State of New York, Consolidated Edison Company of New York,

Inc., Spring 1982,
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coolant pump seal LOCAs, arose because of peculiarities of the

Indian Point plants. These issues were generally treated in the
manner of a sensitivity study. Assumptions were varied to see what
the effects on the results could be. Often, this took the form of
a bounding calculation.

It should be noted that the primary emphasis of the review was
to search for significant errors and uncertainties in the IPPSS.
We therefore did not keep close account of all small errors and
uncertainties (e.g., those that affect the core melt frequency or
risk by approximately less than a factor of two).

The preliminary results of our review are presented in the
following sections. The review of plant analysis and external
events topics is presented in Sectior 2. Section 3 presents the
review of selected accident sequences. Section 4 details the
review of selected issues. Section 5 summarizes the principal
findings and presents estimates of plant damage state frequencies
for use in containment and consequence calculations.
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2. Areas of Review

The IPPSS, as any PRA, is composed of several interrelated
tasks. A review of a PRA is not complete unless the information and
analysis which comprises each task is examined. The IPPSS PRA
tasks are depicted in Figure 2-1. Also shown there are the letter
report sections which summarize our review of a task. As can be
seen, this letter report does not represent a complete review since
several of the PRA tasks were not examined. For the most part,
these omissions are in the containment and consequence analysis
areas. A review of these areas will be enfolded into future
revisions of this report. The only task which we intend not to
review in depth for the final report is the first -- "initial
information collection.® Our review therefore generally assumes
that the IPPSS has collected accurate Indian Point design and
Operations information; e.g., correct piping and instrumentation
layouts, etc.

2.1 Initiating Events

The initiating events covered in the IPPSS seem to be
relatively complete compared to those addressed in previous PRAs.
The initiating event categories analyzed were identical for both
Indian Point units. IPPSS Table 1.5.1-23 summarizes the initiating
events considered and is reproduced here for reference. The treat-
ment of these initiating events is discussed in other sections of
this review.

Comparisons were made to other PRAs, EPRI NP-801, and to an NRC
list of concerns about potentially omitted initiating events. 1In
addition, several initiating events were identified by NRC as being
of particular interest., These are discussed below.

l) Excess Letdown or Decreased Charging

The result of this potential initiating event is lowering the
reactor coolant inventory without detection to a level that would
require reactor trip and mitigation. Although not addressed
specifically in the IPPSS, this event would be included in the EPRI
NP-8U1 data used to quantify the reactor trip event.

2) Insufficient Letdown or Increased Charging
This potential initiating event would cause RCS overpressure
and thus falls under subcategory 12 (IPPSS Table 1.5.1-23) ana is

included in the EPRI NP-801 data used :o quantify the initiating
event.

2.1-1
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Tm' 1.50 1"23

INDIAN POINT 2 INITIATING EVENT SUBCATEGORIES

1.
2.
3.

4.
5.

7.

10.

Large Loss of Coolant Acridents (LOCAs)

Medium LOCAs
Small LOCAs

a.
b.

Pressurizer relief or safety valve opening
Miscellaneous small LOCAs

Steam Generator Tube Rupture

Steam Pipe Rupture Inside the Containment

Steam Pipe Rupture Outside the Containment

Loss

a.
bl
CI
d.
.l
f!

g.
hl
Full
Loss

a.
b.

Core

a.
b.

of Feedwater Flow

Loss/reduction of feedwater flow in one steam generator
Loss of fcedwater flow in all steam generators
Feedwater flow instability--operator error

Peedwater flow instability--mechanical causes

Loss of one condensate pump

Loss of all condensate pumps

Condenser leakage

Miscellaneous secondary leakage

¢r Partial Closure of One Main Steam Isolation Valve (MSIV)
of Primary Flow

Loss of primary flow in one loop
Loss of primary f£low in all loops

Power Increase

Uncontrolled rod withdrawal

Boron dilution--chemical and volume control system
malfunction

Cold water addition

2.1-3



TABLE 1.5.1-23 (continued)

NDIAN NT NITIATINC EVENT SUBCATEGORIES

. Turbine Trip

12.

& Turbine trip

1.
2.
3.
‘.
sl

6.
7.

Closure of all main steam isolation valves
Increase in feedwater flow in one steam generator
Loss of condenser vacuum

Loss of circulating water

Throttle valve closure/electro-hydraulic control
problems

Generator trip or generator caused faults

Increase in feedwater flow in al) steam generators

b. Turbine trip due to loss of offsite power
C. Turbine trip due to loss of service water

Reactor Trip

a,. Reactor trip

1.
2.
3.
‘.
5.
6.
7.
a.
9.

Control rod drive mechanism problems and/or rod drop
High or low pressurizer pressure

Spurious automatic trip--no transient condition
Automatic/manual trip--operator error

Manual trip due to false signal

Spurious trip--cause unknown

Primary system pressure, temperature, power imbalance
Loss of power to necessary plant systems

Spurious safety injection activation

b. Reactor trip due to loss of component cooling water
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3) Pressurized Thermal Shock

This ¢+ 3 safety issue not addressed by the IPPS3 or any of the
current or past PRAs. It is a complex issue which requires very
detailed plant specific Probabilistic, thermohydraulic, and frac-
ture mechanics analysis. Due to the time limitations placed on
this review, we were not able to evaluate this initiating event.

4) Pailure of the Pressurizer Sprays or Heaters

This initiating event results in loss of RCS pPressure control
and thus falls under Subcategory 12 (IPPSS Table 1.5.1-23) and is
included in the EPRI NP-801 data used to quantify the initiating
event,

5) Inadvertent Containment Spray Operation

This initiating event was not treated explicitly in the IPPss
Or in previous PRAs. Existing data from EPRI NP-801 indicates this
a low Probability initiating event and it does not cause more
stressing conditions than higher probability initiating events
considered ir the IPPSS. Therefore it is not considered a
significant contriobutor to risk.

201-5



The above temperatures were based on the following assumptions:

. all equipment in the auxiliary building operational except

ventilation,
. no credit taken for natural circulation through ducts, and
. gradient calculated between building Sstructure and ambient

temperature at H = 1.5 Btu/hr °F ft<,

Based on this analysis, United Engineers predicts no safety related
equipment failures within the first 24 hours following a loss of
auxiliary building ventilation.

11) Reactor Coolant Pump Seal Failure

The RCP seal failure initiating event should be considered a
small LOCA. However, it is not included in the data base. While it
is true they were not included, the small LOCA frequencies of
approximately .02 quoted in the report for each Indian Point unit is
a4 reasonable estimate. The NRC has conducted a study of RCP rupture
LOCAs which suggests their frequency to be approximately .02 (NRC
memo from Thomas Morley to Darrel Eisenhut, Subject: Reactor Cool~-
ant Pump/Seal FPailure, no date). Conceivably, the Indian Point
small LOCA frequencies could be -04. However, upon review of the
data comprising the IPPSS small LOCA frequency, it was noted that
many of the small LOCA events involved stuck open pressurizer
PORVs. It is generally “nown that some of these events were
recovered by the operators in a few minutes via closure of the PORV
block valves. The IPPSS did not consider recovery and thus probably
overpredicted the frequency of PORV LOCAs. It is felt that this
overprediction would tend to cancel the underprediction of RCP seal
failure and thus the small LOCA frequency estimate of .02 is
reasonable,

12) Loss of Component Cooling Water Due to a Pipe Break

This potential initiating event could Counceivably lead to core
melt unless judicious operator recovery actions are performed within
about an hour. Assuming no operator recovery, a large pipe break in
the component cooling System would cause a reactor trip, could even-
tually cause a reactor coolant pump seal LOCA, and failure of the
pumps which provide makeup to the reactor coolant system. It should
be noted that the IPPSS analyzed a "loss of pPump flow®" induced loss
of component cooling water initiating event. However, the IPPSS did
Lot analyze one induced by a pipe break. The System responses are
quite different for the two cases and thus this is considered as a
potentially important omission.
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In conclusion, review of the NRC list of potential IPPSS
initiating event omissions has indicated that pressurized thermal
shock and loss of component cooling water due to a pipe break appear
to be the only potentially significant events omitted in the IPPSS.
The rest are implicitly or explicitly included in the IPPSS existing
initiating events or are judged to be insignificant.

The loss of component cooling water due to a pipe break is
evaluated in Section 4.6 of this review. As stated earlier, an
evaluation of pressurized thermal shock does not appear in this
review.

It should be noted that seven external initiating events
(seismic, fire, flood, wind, aircraft accidents, transportation and
hazard materials, and turbine missiles) were considered, which is
more than most PRAs have attempted. The external event review
appears in Section 2.7.

nitiatin vent antification

Estimated initiating event frequencies are expected to vary
from plant to plant depending on the plant characteristics, design,
and its specific data base. The IPPSS initiating event data were
compared to the data used in the Arkansas Nuclear One (ANO) IREP
analysis. (The reason for choosing ANO is because it is a recently
completed NRC-sponsored PRA which they support.) The purpose of the
comparison was to look for unusual differences that might indicate a
potential error in judgment or calculation. The mean values from
the IPPSS are:
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;g{g;at;ng Event Catogorx

Large LOCA

1.
2.
3.
4.
S.
6.
7.
8.
9.
10.
lla,
llb.
llc.
lia.
12b.

Medium LOCA

Small LOCA

Steam Generator Tube Rupture

Steam Break Inside Containment

Steam Break Outside Containment

Loss of
Trip of

Loss of

Main Feedwater
One MSIV
RCS Flow

Core Power Excursion

Turbine
Turbine
Turbine
Reactor

Reactor

Trip
Trip~-Loss of Offsite Power
Trip--Lons of Service Water
Trip

Trip~-~Loss of

Component Cooling

V. Interfacing System LOCA

The ANO PRA utilized WASH-140
2%. For breaks less than 2°*
102 reactor coolant pump
The following compares ANO, WASH-1400, and IPPSS LOCA

above,

frequency data:

2.1-9

0 data for breaks
WASH~1400 data was adde
seal rupture data

Occurrences/Year
1P2 1P3

1.9x10-3
1.9x10-3
1.9x10-2
2.7x102
1.9x10-3
1.9x10-3
6.7

1.3

1.4x10~1
2.2x10~2
7.3

1.8x10-1
1.9x10-3
6.8

1.9x10-3
4.7x10-7

2.2x10-3
2.2x10-3
2x10-2
3.4x10~2
2.2x10-3
2.2x10~3
3.8
9x10-2
1.7x10-1
2.6x10~2
2.7
2.7x10~1
2.2x10-3
2.9

2.2x10-3
4.6x10~7

greater than
d to the 2 x
discussed in 11



IP2 IP3

1. Large LOCA 6* 1.9x10-3  2.1x10-3

2. Medium LOCA 2°-6" 1.9x10-3  2.1x10-3

3. Small LOCA 2° 1.8x10"2  2x10-2

4. Interfacing Systems

LOCA * 4.7x10~7  4.6x10-7

ANO
1x10-4
3x10-4

2.1x10-2

<10~6

WASH-1400

1.0x10-4
3.0x10-4
1.0x10-3

4x10-6

The IPPSS frequencies are larger on two of the three LOCAs and

approximately equal for the small LOCA.
large and medium LOCA are due to the use
IPPSS~~gee Section 2.6 of this review).

has a smaller estimate in the

WASH-1400,

Transients are subdivided differently at ANO but five are

related.

7. Loss of Main Feedwater

1lb. Turbine Trip-=-
Loss of Offsite Power

lle. Turbine Trip--
Loss of Service Water

lla. Turbine Trip--

l2a. Reactor Trip--

The IPPSS transient initiating event frequencies
the differences are the result of the influence
data. (The other IPPSS initiating events we
analyzed at ANO because they were either
not identified to be risk significant,

transients.)

The reactor vessel rupture LOCA
mitigable and thus leads to core melt by itself,
concluded that the frequency of such an
other events leading to the same plant d
LOCA followed by failure of low pressure injection,
erroneous con~lusion since the most likely vessel
may be caused by pressurized thermal shock.
pressurized thermal shock was not analyzed in the IPPSS.

IPPSS because of more
the low pressure injection check valves than the

IP2
6.7

1.8x10-1
1.9x10-3
7.3

na.1
6.8

2 01-10

(The larger estimates for

of Bayesian methodology in the

The interfacing systems LOCA
frequent testing of

Surry Plant in |

ANO
1.0

3.2x10~1

2.6x10-3

7.1

appear reasonable;

of plant specific

(R), is not considered

The IPPSS
event is small compared to
amage state;

re not explicitly
a) not applicable, b) were
or ¢) grouped with other

e.g9., large
This may be an
rupture sequence
As stated earlier,

|
directly



In summary, none of th=sge frequencies appear to be
with what would be expected from experience and from wha
reported in the ANO PRA.
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2.2 Event Trees

The IPPSS constructed 13 event trces to model the plant system
response to the initiating internal events discussed in Section
2.1. We reviewed these trees for validity. During the review,
Sseveral questions were generated which could not be answered by
information or analysis presented in the text. These questions
were, for the most part, answered during a meeting held in June 1982
between Sandia Laboratories and IPPSS personnel. The findings are
of two types. General findings are those that apply to all or
several of the event trees. Specific findings are those that apply
to a particular event tree. These findings and the impact they may
have on the IPPSS results will now be discussed.

2.2.1 General Event Tree Findings

Containment Spray System Analysis

There are two containment Spray systems installed at an Indian
Point unit. The containment spray injection system (CSIS) consists
of two pump trains which take suction from the refueling water stor-
age tank (RWST). Upon depletion of the RWST, the CSIS pumps are
shut down. During the recirculation Phase, the containment spray
recirculation system (CSRS) is utilized. The TSRS is a two-train
System which utilizes the same pumps as the low pressure recircula-
tion system (LPRS). A portion of the LPRS flow is diverted to the
CSRS spray headers. During recirculation, the LPRS pumps take
suction from the containment sump.

Though not explicitly stated in the IPPSS, no credit was given
on the event trees for operation of the CSRS. Referring to event
tree 2 (IPPSS Pigure 1.3.4.2-1, event tree 2), for example, it can
be seen that on sequences 43 and 46, the CSRS is defined to be oper-
atiny yet the plant damage state (AEF and AE, respectively) implies
that sprays are not operating. This is a conservatism adopted in
the Indian Point analysis and may be justified for the following
reasons: 1) In the vast majority of core melt sequences the PRA
analyzed, the LPRS is unavailable. Since the LPRS and CSRS share
most of the same equipment, the CSRS would most likely also be
unavailable; 2) during a core melt accident, the LPRS/CSRS pumps may
fail since their sump water supply could be clogged with core melt
debris.

The CSIS, on the other hand, is given more credit on the event
trees than may be justified. Upon close examination of event tree
sequence plant damage states (e.g., sequence 2, event tree 2) and
the CSIS event definitions it is noted the IPPSS assumes the CSIS is
available during the recirculation phase if it was successful during
the injection phase. In order for the CSIS to be available during
recirculation, the RWST must be refilled by the operators. We

2.2-1
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question the validity of giving credit for the CSIS during
recirculation since we find no mention of refilling the RWST in the
Indian Point LOCA emergency procedures.

If one assumes that the CSIS will not be available during the
recirculation phase, all core melts that are initiated during the
recirculation phase would not have sprays available to mitigate the
consequences of the accident. This implies that plant damage
states characterized by C (spray injection operating) and L (core
melt initiated in the recirculation phase) are not possible. Thus,
IPPSS damage states SLFC, ALPC, SLC, and ALC become SLP, ALF, SL,
and AL, respectively. The impact this finding has on the plant
damage state frequencies is presented in Section 4.2,

Core Helt(Safttx System Interactions

The interdependencies incorporated into the Indian Point event
trees imply that the containment systems (i.e., the spray system
and fan cooler system) may be utilized during a core melt acci-
dent. This is an important assumption since the Indian Point
analysis predicts that the operation of either of these systems can
significantly reduce the risk associated with a core melt
accident. This topic is discussed more fully in Section 4.2.

Sodium Hydroxide Addition

All event trees model the additions of sodium hydroxide to the
containment spray water. This was modeled because it was thought
to enhance the radioactive material scrubbing capability of the
Spray water during a core melt accident. Discussions with IPPSS
Personnel revealed that analysis performed late in the study indi-
cated that sodium hydroxide addition had a negligible effect on the
assessment of plant damage states and release categories. All
event trees could therefore be simplified by removal of the sodium
hydroxide addition event. This is consistent with the findings of
WASH~1400 with respect to sodium hydroxide addition,

M Feedwat stem

The Indian Point study assumed that the main feedwater system
was unavailable for purposes of removing post shutdown decay heat
following all internal and external initiating events analyzed,

Other PRAs of PWRs have typically assessed the main feedwater
system to be unavailable following a LOCA, a loss of offsite power,
Oor an ATWS. Por the remaining internal initiating events, these
PRAs assessed that for other initiating events caused by power or
cooling water failures the unavailability of the main feedwater
system was within the range of .1 to .01.

202"3



The assumption made in the IPPSS that the main feedwater system
is always unavailable should not appreciably affect either the
assessed core melt frequency cr plant risk. Review of the Indian
Point dominant accident sequences indicates that the core melt fre-
quency and plant risk are dominated by external events and LOCAs
and losses of AC power. Not giving credit for main feedwater dur-
ing these accidents is consistent with other PRAs as mentioned in
the previous paragraph.

d n Tree Acciden: Sequences

In response to the accidents modeled on the IPPSS event trees,
Indian Point operators are expected to follow one or several emer-
gency procedures. These procedures outline the actions the opera-
tors perform to contend with the accident. If the actions are
performed correctly, core damage can be avoided. The operator
actions outlined in the Indian Point procedures were compared with
the IPPSS analysis of operator actions required to prevent core
damage. In some cases, we found that the IPPSS modeled operator
actions which were not outlined in the procedures. The most
notable example of this is "feed and bleed" core cooling. The
IPPSS assigned a high probability of success of this core cooling
method, yet no feed and b eed procedures exist at Indian Point 2
and very limited ones exist at Indian Point 3. The impact that not
giving credit for feed and bleed core cooling has on the plant
damage state frequencies is presented in Section 4.3,

Based on discussions we had with IPPSS personnel, we discovered
that the IPPSS did not model all operator actions which could
affect the course of an event tree accident sequence; i.e., they
did not calculate a probability of human error, but rather assumed
the operator performed a task with a negligible failure probabil-
ity. An example was mentioned in the discussion of the containment
spray injection system analysis. As discussed there, the IPPSS
assumes the operator will refill the RWST to allow continued opera-
tion of the CSIS. We could not find an analysis in the PRA which
assesses the probability of operator error in performing this
task. If the probability of human error is close to unity, the
effect on the plant damage states would be the same as discussed
previously.

d £ n v re F ure

The Indian Pcint event trees do not model core melts caused by
containment overpressure failure. These sequences have been shown
to be important in other PRAs (e.g., the 52C sequence in WASH-
1400). fore discussing how this potential omission affects the

Indian Point analysis, we will discuss how other PRAs have

typically modeled core melts caused by containment overpressure
failure.

2.2-4



The S,C type of Sequence is a LOCA followed by failure of the
containment heat removal system. Pailure of containment heat
removal causes the containment to overpressurize and fail within
Several hours due to LOCA steam evolution. Up until the point of
containment failure, the core ie protected by successfyl operation
of the emergency core cooling system during the injection and
recirculation phase. Just prior to containment failure, the water
‘in the Sump is greater than 300°F, but is subcooled relative to
the containment Pressure (>100 Psig). When the containment fails,
it undergoes a rapid depressurization to atmospheric Pressure and
thus causes the sump water to boil vigorously. This boiling is
Postulated to cause cavitation failure of the emergency core cool=-
ing pumps which are at the time taking suction from the sump.
Pailure of these pumps causes core melt.

The above sequence discussion assumes a core melt can be
Prevented prisr to containment failure by Pumping water hotter than
300°F to the core. This is not the assumption made in the IPPSS,
The IPPSS system models assume that during the recirculation phase
the water delivered to the core must be cooled by component cooling
water or a core melt will ensue. The requirement for component
cooling water essentially assures the core will melt prior to a
containment overpressure failure. The scenario discussed in the
Previous Paragraph is therefore not Possible by IPPSS models,

The IPPSS treatment is Potentially Roncorservative in terms of
Predicting risk since, in their models, a core melt will occur
before containment failure. This allows a certain amount of radio~-
active material to plate out within containment prior to failure.
In the S,;C type Sequence, however, core melt occurs after con-
tainment failure and thus the release of radioactive material would
be greater,

We have assessed the effect that this pPotential nonconservatism
has on the risk Predicted in the IPPSS and found it to be negligi-
ble. A review of the Indian Point core cooling and containment
heat removal systems indicated that it is almost completely assured
that if core cooling during the recirculation Phase is Provided, so
also will containment heat removal. This is because the core cool-
ing and one of the containment heat removal systems share most of
the same equipment (1.0., Pumps and support systems). Because of
this dependence, the Probability of having core cooling and not
containment heat removal is negligible.

S \ D d
The IPPSS event trees do not model the demand of the

Pressurizer safety valves in response to a transient, This raised
& concern that the study may have missed some important accident
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The IPPSS used the turbine trip and reactor trip event trees
tc model the plant response to a loss of service water and loss
of component cooling water initiating event respectively. These
event trees do not adequately model the plant response to these
initiating events for the following reasons:

a) the trees to not allow for a reactor coolant pump (RCP)
seal LOCA to occur following a sustained loss of component
cooling or service water,

b) the systems which respond to a seal LOCA are not adequately
modeled, and

€) station blackout caused by a loss of service water and a
loss of offsite power is not modeled.

If a loss of component cooling occurs, the RCP seals will lose
cooling within approximately 15 minutes due to failure of the
charging pumps and cooling to the thermal barrier heat exchanger,
The IPPSS predicts a 1200 gpm seal LOCA will ocecur approximately
30 minutes following a loss of seal cooling. 1If the safety
injection pumps subsequently fail, a core wTelt would ensue,

Service water cools component cooling water via two heat
exchangers, 1If service water to the heat exchangers fail, the
component cooling system would heat up at approximately 5°f/hour
(Reference: Con Ed FSAR, AEC guestion 6.5). If service water to
the heat exchangers is not restored within several hours, RCP seal
cooling and the safety injection pumps could fail. This could
lead to a LOCA followed by core melt,

Service water also cools the diesel senerators. 1If service
water fails, followed by a loss of offsite power, the diesels
would fail in a short time., This would result in a station
blackout, If AC power is not restored within approximately an
hour, a seal LOCA could occur followed by core melt., TIf AC power
is not restored within approximately 3 hours, a containment
overpressure failure leading to a 2RW radioactive material release
could occur.

An abbreviated analyses was performed to determine the most
likely sequences the IPPSS failed to model. We found the sequences
frequency estimates to be small compared to other sequences which
appear in the same plant damage state.
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Event Tree 13--ATWS

The event tree appearin in the IPPSS does not represent the as
built plant response to ATW. events. At the time the IPPSS was
conducted, Con Ed and PASNY commited to perform plant modifica-
tions upon the recommendations of NUREG-0460 to reduce ATWS risk.
Event tree 13 represents the pPlant response after the modifications
are in place. Recently, Con Ed and PASNY have decided not to
implement ATWS modifications and thus the event tree must be sig-
nificantly modified. Because of this, IPPSS personnel are con-
structing a new event tree. It will appear in a soon to be
released supplement to the IPPSS. The impact on risk of not

installing ATWS modifications at Indian Point is investigated in
Section 4.4.
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2.3 Mitigating Systems Success Criteria

In response to LOCA and transient initiating events, various
Indian Point core cooling and containment systems are called upon
to bring the plant to a safe shutdown condition. 1If core cooling
is unsuccessful and a core melt ensues, the containment systems may
still be able to reduce the consequences of the accident by main-
taining the containment boundary and thus isolating the core melt
from the environment. The combinations of plant systems required
to cool the core and maintain the containment boundary constitute
the Indian Point mitigating system success criteria. We have
reviewed the validity of the success criteria employed in the
IPPSS. We have judged the success criteria tc be consistent with
Criteria employed in PFAs of similar plants,

Table 2.3~1 summarizes the LOCA and transient success criteria
employed in the IPPSS.

The IPPSS did not employ the containment overpressure
protection success criteria stated in the FSAR. The FSAR criteria
is 2/2 sprays OR 5/5 fans OR 1/2 sprays and 3/5 fans. The FSAR
criteria upplies to keeping containment pressure below the design
pPressure. The [PPSS criteria apparently applies to keeping pres-
sure below failure pressure, i.e., greater tian double design pres-
Sure. We found no reference in the IPPSS for the criteria used.
However, the IPPSS criteria employed is suppcrted by analysis of
the Oconee containment Systems as part of the Reactor Safety Study
Methodoloyy Applications Prograrm. 1In that study it was shown that
one fan or one spray, which had similar heat removal capabilities
as Indian Pouint, adequately maintained the containment pressure
witnin acceptable limits. Since both Oconee and Indian Point have

similar MW ratings and containment volumes, i: is judged that the
IPPSS criteria is reasonable.

We could not find in the Indian Point PSAKs an explicit
statement of the core cooling success criteria in response to the
full range of potential LOCA break sizes and transient initiatirqg
events. The IPPSS apparently made use of some Westinghouse docu-
ments and the PSAR in establishing the criterija employed in the
report. (The FSAR "roughly® defined a criteria which was similar
to that used in the IPPSS.) The IPPSS gave credit for "feed and
bleed"® core cooling during transiencs and small LOCAs following
failure of the auxiliary feedwater system. Feed and bleed cooling
is still an open question (see Section 4.3), but recent tests at
the LOFT facility have Suggested that it is a viable core cooling
option. Though we could not validate the entire core cooling suc~-
Cess criteria employed in the IPPS, it is our opinion that it is

reasonable since it is similar to that used j§- “ther PRAS with
which we are familiar.




Table 2.3-1 1IPPSS LOCA and Transient Mitigating

System Success Criteria

rliixqonc¥ rgency ~Containment
Core Cooling Core Cooling Overpressure Radioactivity
EBarly (RWST) Late (SUMP) Protection Removal
-7 173 ll!oiy !niccilon 177 81 and 172 Eonta!noont lpray 172 fontainncnt
Pumps (SI) 1/2 RHR Pumps Pumps Spray Pumps
and 1/3 Auxiliary OR
Peedwater Pumps 1/3 and 3/5 Containment
(AFWS) 1/2 Recire. Fans
%? Pumps
1/3 and 2/2 PORVs
-t 273 §1 and 2/3 81 and Same Same
1/2 RHR Pumps 1/2 RHR
OR
2/3 81 and
1/2 Recire,
Pumps
>6" 3/4 Accumulators 1/2 Recire. Same Same
and 1/2 RHR Pumps Pumps
172 ls* Pumps
Steanm 177 AFWS and 173 81 and ame ame
Gener~ RCS Depressurization 1/2 RHR
ator OrR %;
Tube 1/3 81 and 1/3 and
Rupture | RCS Depressurization 1/3 Recirc. Pumps
1/3 81 %%d
2/3 APWS
ZBANSIENTS
Emergency Core Emergency Core Containment Radiocactivity
Cooling Barly Cooling Late Overpressure Removal
(Seconuary or RWST) (Secondary or SuUMP) Protection
SERTS 173 APWS :
lllggx and 2/2 PORVs I/Jgil and Same Same
1/2 RHR
IIJQ'I and
1/2 Recire,
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2.4 Review of IPPSS Fault Trees for Indian Point 2 and 3

The system fault trees presented in IPPSS Sections 1.5 and 1.6
(for Indian Point 2 and 3, respectively) were reviewed for accuracy
and completeness. The findings of this review are presented in this
section of the report.

2.4.1 Fault Trees of Indian Point 2

Section 1.5 of the IPPSS presents the systems analyses for the
Indian Point 2 reactor. The review of these analyses is presented
below. Unless otherwise noted, system failure probabilities cited
herein are for the case of all power available, which is of primary
concern except for a few systems. By the nature of the review, only
those areas of disagreement are discussed.

2.4.1.1 1P-2 Emergency Electric Power System Fault Tree

The emergency electric power system fault tree for IP-2 was
extersively reviewed, in particular its intra-actions among its AC,
OC, and auxiliary constituents. Sixteen different fault trees for
the system were examined in the analysis, one for each "power state,"
with each state being defined as having power either available or
unavailable at four 480V busses. Only eight power states were
actually used because two of the four busses are tied together.

In the review, a simplified power dependency fault tree was
constructed for each of the four busses to ascertain the subtle AC
and DC interactions. For example, each bus can be powered by a
diesel generator (two busses are powered by one) which then requires
OC control power and a fuel oil pump, etc. These trees were then
compared to the analysis presented in the IPPSS. No discrepancy was
found. (It must be noted, however, that not all of the electrical
system dependencies are modeled in the electrical system fault trees.
Specifically, service water cooling of the diesel generators fs
omitted here. This results from the methodclogy employed in the
IPPSS wherein the failure probability of the serv e water system (as
well as other systems) is computed conditionally, that is based on
the electric power state. This can be cumbersome and confusing
initfally but presents no great obstacle in understanding the
analysis{.

In additfon to the system interactions, three additional,
specific ftems were investigated. The first was the handling in the
analysis of the combinations of signals which could be present with
an  initiating event, These signals are safety actuation,
undervoltage, and reactor trip. Various combinations of these
signals strip emergency loads from the busses which then must be
reloaded. The IPPSS cites the emergency procedures which address
this and fincludes as a failure, the failure of the operator to
reload. Furthermore, the combinations of signals which cause the
stripping appear to have been modeled properly.
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The second specific issue examined in the review was that of
multiple inverter failures. Lightning strikes at several plants have
caused such failures, and the IP-2 electrical system was studied to
ascertain 1f it could be a potential problem. To fail a single
inverter in this fashion at least two separate circuit breakers would
have to fail to open on the power surge. In addition, the diversity
of instrumentation for ESF actuaticn and the redundancy of
instrumentation among the four inverters indicate that simultaneous
failure of at least six circuit breakers would be necessary to create
a potential problem. Unable to find common cause data for such, we
:oel 6?1; this has probabilistically negligible impact on the risk

rom [P-2,

The third specific issue addressed in the review was that of
common cause failures of the three diesel generators. An Oak Ridge
study as part of TAP-A44 derived a “generic” probability for common
cause diesel generator failure of 7(-4) for two diesel generators and
%g;g% for three. No comparable common cause values are found in the

With the application of the generic common cause values to the
IPPSS unavailabilities, the system failure probabilities increase by
about 50% or less:

Condition I1P-2 Valve [P-2 Valve w/Common Cause
Failure of 2 DGs 1.4 (-3) 2.1 (-3)
Blackout 6.2 (-4) 8.2 (-4)

Thus, the onsite AC analysis appears to be reasonable.

In addition to the three diesel generators, the [P-2 emergency
power system has three gas turbines available. Although we feel that
the IPPSS gives too much credit to recovering failed diesel
generators, the recovery analysis is relatively insensitive to such
recovery because of the presence of the gas turbines.

2.4,1.2 1P-Z Reactor Protection System Fault Tree

The fault tree for the reactor protection system (RPS) of IP-2
was reviewed and found to be acceptable, except that the test and
maintenance portion of the analysis appears to contain an error,
However, its numerical significance is negligible.

The mean failure probability of the system is given as 2.01(-5),
and this s comprised mainly of thrie contributors: random hardware
failures of two trains of the tr.p system with a probability of
9.6(-6), faflures 1in test and muintenance with a probability of
6.2(-6), and failure of the rod control cluster assemblies to enter
the core with a probability of 3.8(-6). It must be noted that the
analysis presented does not address manual scram. This is important
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decause, although the first two faiiure mechanisms above are
recoverable by the operator pushing the scram button, the third one
is not, and it represents 19% of the total.

The probability for the rod control clusters failing to enter
the core 1is derived from industry data and appears to be
conservative. The event is failing to fully insert and no attempt is
made to analyze the difference between, e.g., 90% insertion and 0%
insertion. Both are considered to be system failures.

The random hardware failures in two trains consider shorting to
power and ground, reactor trip or trip bypass breakers failing
closed. and relay and logic matrix failures. This particular portion
of the analysis follows that of WASH-1400.

The test and maintenance part of the analysis uses actual plant
experience to determine the mean outage times for a train, and then
this data was "ANDed" wit. random hardware faults in the other train.
Finally, the value was doubled to account for either train undergoing
the T&M. The problem in the analysis arises with the description
used for the random hardware faults of one train with the other in
T&M. In this case, only the probability of shorting to ground was
considered although other failure mechanisms are possible. The logic
matrix and relay failures contribute the same here as they do for the
above two train case. However, for the T&M situation, both the
reactor trip and bypass breakers would have to fail closed
concurrently to cause the operating train to fail its function (see
IPPSS Figure 1.5.2.2.2.-3) whereas above, the failure of either would
cause train failure.

It is fortunate for IPPSS that these ignored failure modes have
negligible (< 1%) contribution to RPS failure. Nevertheless, the
description in Section 1.5.2.2.2.4.3 is wrong.

The common cause portion of the analysis uses the probability of
a single instrument channel failing as the common cause
miscalibration prabability of a set of instruments. This approach
may or may not be conservative because the calibration procedures do
not appear to have been thoroughly analyzed. It must be noted,
however, that the RPS has considerable diversity and redundancy in
instrumentation and further that, shoula the common czuse probability
used be low by as much as an order of magnitude, the overall RPS
failure probability would increase by less than 25%.

2.4.1.3 1P-2 Safeguards Actuation System Fault Tree

The analysis of the IP-2 safeguards actuation system is
separatad into two parts: safety injection (SI) and containment
spray (CS) actuations. The analyses of both contain assumptions
which could affect the unavailability values presented in the IPPSS.

Manual actuation is explicitly exclided from the fault tree
analysis (but is considered at the event tree level). For other
plants, this exclusion at the fault tree level could pose problems
because different size LOCAs ;ould result in different sets of
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actuation instrumentation initiating the system (e.g., for many
plants, high building pressure would not actuate high pressure
injection for small LOCAs as soon as needed). At IP-2, however, the
same set of parameters, in general, cause actuation for all LO"As.
This 1s due to the relatively low trip level (2 psig) for the high
building pressure sensors. In response to NRC questions on the IP-2
FSAR, the plant demonstrated that the building sensors would actuate
before the presurrizer would empty for various LOCA sizes.

Test outage time s analyzed conservatively in that the chanre)
undergoing monthly testing is assumed unavailable for the entire test
duration (1 to 6 hours). The channel, however, is not unavailable
for this entire period, and, even if it was, the tester could quickly
switch it to the operating mode. (It should be noted that cut sets
with a channel unavailable due to testing dominated the system
failure probability).

The common cause value described in Section 1.5.2.2.3.4 is based
on the value of a single instrument channel failing which is then
used as the probability of common cause miscalibration of a set of
instruments. This value may or may not represent such a failure
possibility because the calibration procedures do not appear to have
been closely examined.

The possibility of failure to restore the channels after testing
is not adequately addressed in Section 1.5.2.2.3.4.6. While
restoration following the monthly tests is discussed (and the
analysis is correct), restoration following refueling outage tests is
not analyzed. That is, no mention is made of the common cause human
error that occurred at the Hatch reactor wherein the building
pressure sensors were not restored following the dead-weight testing
performed during the refueling outage. In discussions with the IPPSS
analysts, we discovered that they had, in fact, considered such a
failure to restore for the sensors. They had determined that this
was of negligible probability at the IP plants because of the
procedures, and we concurred with their assessment.

The two subsystems (SI & CS) share some common instrumentation
but are analyzed separately. Because of the diversity and redundancy
of the overall instrumentation for each, the probability of common
failure due to this is negligible, and, hence, this part of the
analysis is acceptable.

In conclusion, miscalibration should be better analyzed.
With such, however, the overall failure probability might not change
because of the testing conservatism contained in the present
analysis.

2.4.1.4 1P-2 High Pressure Injection System Fault Tree

The IP-2 high pressure injection (HPI) system fault tree was
reviewed, and problems were encountered with the IPPSS analysis.
This is quite important because in one operatin? mode or another
HPI is part of every IPPSS event tree except ET], the tree for a
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large LOCA initiating event. Following are comments regarding the
system in general after which the medium and small LOCA success
criteria cases will be examined.

The system is analyzed by segmenting it into “supercomponents”.
Supercomponent A (see JIPPSS ¥1gure 1.5.2.3.1.-3) is the HP suction
line from the RWST and consists of three valves (see Figure
1.5.2.3.1-4): manual valve 846 which is locked open, motor-operated

valve 1810 which is deenergized open, and check valve 847. The first
of these, 846, should not be a part of this tree, given the structure
of the IPPSS event trees, because it is not unique to this system,
This valve is also in the suction line to the |P pumps and is thus
common to both systems. Therefore, for the situation where both the
HP and LP injection systems are required, the handling of this valve
in the IPPSS analysis results in accounting twice for the failure
probability of valve 846. (Its failure probability is given as
2.64(-5) on p. 1.5-479.) The only event tree thus affected is that
of the medium LOCA, ET2.

At the given failure probability for valve 846, the eifects of
this error are slight because, as shown below, it is but a small
contributor to the overall system failure probability. It must be
noted that although valve 846 is not alarmed, it is open with its
handwheel removed and is on the startup and monthly check-off lists.
In addition, in supercomponent A, MOV 1810 not only is deenergized
open, but its position is tested monthly as part of the HP pump
test. As with all MOVs in engineered safety systems, its position
indication is given in the control room, and is alarmed should its
position be "off normal™.

Of more significance is the modeling of supercomponents 8. C,
and D which contain, respectively, pumps 21, 23, and 22, which is the
swing pump and can inject water into either injection path 16 or 56.
The analysis of supercomponents B and C appears to be correct but
that of D does not. As stated in the IPPSS, MOV 851A, which connects
pump 22 discharge to header line 56, will close if pump 21 fails.
Similarly, MOV 8518, which connects pump 22 discharge to header line
16, will close if pump 23 fails. This action of the two valves is
not explicitly modeled in the fault tree. It appears to be ignored
in the medium LOCA case and "conservatively" analyzed for the sma'’
LOCA case. That s, the analysis actually considers a 1-out-of-2
pump case with the failure of pumps 21 and 23 failing the system
because of the actions of the two valves. Unfortunately, the latter
analysis is not conservative because additional failure mechanisms
were not considered. 1. must be noted, however, that the operator
action of opening either, or both, of these valves is also not
modeled. In fact, no operator actions are modeled for this system,
including errors.

On p. 1.5-483 of the IPPSS, it statec that "... the procedures
of the monthly and quarterly tests appear to minimize human
error...." We feel that this is not the case because the pump tests
are not staggered and are, in practice, performed by the same people
on the same day. Thus, we feel that there is a strong human error
dependency possible for this system.
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HPI for Medium LOCAs

Event tree ET2 requires HPI with success criteria of two of
three pumps injecting into two of four headers. (Header lines 16 and
56 mentioned above split into two headers each). IPPSS calculates an
unavailability for this system mode as 4.1(-4). The analysis allows
for dependence among the pump trains by adopting a subjective
B-factor of 0.014. Literature was searched by us to determine the
appiicability of this value. Data presented in Atwood (EGG-EA-5288)
indicate that, for failures and command faults for ESF standby pumps,
a common cause probability of 5.2(-4) should be used for a system
which requires two of three pumps to operate and has monthly testing.
With the pump train failure probability given in the IPPSS as 7.02
(-3), this results in a g-factor of 0.074, more than a factor of five
greater than that used in IPPSS. With the substitution of the common
Cause probability taken from Atwood for that given in the IPPSS (and
correction of a few numerical errors), the system unavailability is
recomputed to be 6.9(-4).

This probability may be non-conservative for three reasons.
First, the dependency parameters taken from the referenced report by
Atwood are medians, not means, and hence the data presented biases
the results obtained to the low side. Secondly, the data given in
Atwood are taken from the whole nuclear industry, not just from [P-2.
Hence, for example, the effects of staggered and non-staggered tests
are included while IP-2 does not stagger tests, as noted above, and
might therefore have stronger dependencies amorg the pump trains.
Thirdly, the use of a g-factor tends to make the error in modeling
supercomponent D (the automatic closure of valves) less significant,
but it does not eliminate the error. However, because IPPSS did not
consider operator actions to recover the problem, this review did not
examine the problem further.

HPI for Small LOCAs

Event tree ET3 requires HPI with success criteria of one of
three pumps injecting into one of four headers. In addition, this
model is part of every other event tree analyzed except for ET! and
ET2. For event trees ET4, ET5, and ET6, the model is a part of event
SA2, safety actuation and high-head injection. For event trees ET7
through ET12, it is part of event 0P-2, operator establishing feed
and bleed. For the ATWS event tree, ET13, it is part of event oP-5,
manual actuation of feed and bleed with emergency boration.

IPPSS attempted to conservatively analyze this HPI success
criteria case. The analysis considered a one of two pump situation
and therefore strove to fgnore the problem with the modeiing of
supercomponent D. However, here IPPSS used no g-factor, i.e., they
assumed that there was no dependency between the two pump trains
whereas for the medium LOCA model there was dependency! The failure

probability for the one of two case is given as 1.86 (-4),

This review used data from the Atwood reference to determine
that, generically for this type of system, a dependency among all
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three pump trains exists such that the failure probability for all
three trazins is 3.6(-4), which yields a g-factor of 0.051 for this
system alignment. (It must be noted that the g-factor method assumes
that the third pump will fail if the second fails.) As stated above
and for the same reasons, this probability is probably
nonconservative. However, with the use of the common cause
probability, and the changing of the one of two situation to a one of
ghafe‘gituat1on on p. 1.5-486, the system failure probability becomes

2.4.1.5 1P-2 Low Pressure Injection System Fault Tree

The 1P-2 low pressure injection (LPI) system fault tree was
reviewed, and the only major difficulty encountered with the model
was that of the common cause value used in the analysis. Of minor
import, manual valve 846 is considered an unique part of the LPIS,
but as discussed in Section 2.4.1.4 of this report, in reality it is
not. However, the only event tree this error affects is ET2, and the
probability of both the LPIS and HPIS fai]in% is overestimated by
2.6(-5) in the IPPSS. The LPIS fault tree is also used in event tree
ET1, which is initiated by a large LOCA.

As for the HPIS, the LPIS is divided into supercomponents for
the purpose of analysis (in fact, this method is used in the IPPSS
for all fluid systems). The analysis considered common cause
failures between supercomponents B and C, containing RHR pumps 21 and
22 respectively, and supercomponents E and F, containing
motor-operated valves and heat exchangers 21 and 22 respectively. As
for the HP analysis, a g-factor of 0.014 was subjectively assumed.
Supercomponent B(C) was computed to have a failure probability of
6.5(-3), and E(F), a failure probability of 2.3(-3). Hence, with the
use of the 0.014 g-factor, the probability of failure for the Boolean
combination of (B AND C) OR (E AND F), which becomes (8B OR BE), was
calculated to be 1.23(-4). Overall, the LPIS has a failure
probability of 8.7(-4). (It should be noted that motor-operated
valve 882, which is deenergized open and is a suction valve common
to both pumps, contributes 4.9(-4) of the total. MOV 882 is verified
open only at refueling outages. If IP-2 altered its testing, the
fault exposure time of this valve could undoubtedly be significantly
reduced.

As for the HPIS review, the pump common cause data presented
compiled by Atwood (EGG-EA-5288) were used to determine the
applicability of the 0.014 value. In fact, the failure and command
fault probability for two pumps in an ESF standby system requiring
one of two to operate for success and having monthly tests was found
to be 5.7(-4). This suggests a g-factor of 0.088 which is more than
six times greater than that used in the IPPSS. As stated above in
the HPIS section, even with the application of this g-factor in the
model, the results may be non-conservative becauc e data presented
in the reference are medians, not means, and IP-. does not stagger
the pump tests.
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To partially account for the non-conservatism, the 0.088
g-factor was applied to the E and F supercomponents as well as those
of B and C. Hence, the failure probability of the LPIS fs
re-estimated to be 1.2(-3).

2.4.1.6 [IP-2 Accumulator System Fault Tree

With one exception, the fault tree constructed for the IP-2
accumulator system is correct. The exception is that of the four
check valves located most downstream from the accumulator. Figures
1.5.2.3.3-3 and 1.5.2.3.2-3 in the IPPSS show the configuration for
the four accumulator/cold leg piping connections. For example, check
valve 897A 1s analyzed as being an independent part of the
accumulator system and also an independent part of the low pressure
injection system whereas its plugging is a common mode failure of
both systems failing to inject water into cold leg 1. (The
arrangement for the other three cold legs is identical).

The mean for one of three check valves plugging is given as
2.1(-4) with the mean system unavailabilities being 1.9(-3) for the
accumulators.

Because the success criteria for large LOCA emergency core
cooling injection requires both the accumulators and low pressure
injection, these two systems are ORed together for function failure.
Hence, the result of not considering these valves as part of both
systems is to increase the combined failure probability by about 5%
more than it should be. (The present fault tree models account twice
for the failures of these check valves).

2.4.1.7 [1P-2 Recirculation System Fault Trees

The hardware portions of the recirculation systems analysis were
herein reviewed. The human error contributions, which in the IPPSS
are the dominant causes of failure, are examined in Section 2.5 of
this report. In the IPPSS, there are four types of recirculation
considered: high pressure, low pressure, containment spray, and hot
leg low pressure,

High Pressure Recirculation (HPR)

The mean failure probability for this system is calculated as
6.8(-4) in the IPPSS of which 3.9(-4) results from human error and
2.9(-4) vresults from hardware failure. For HPR, either the
recirculation or RHR portion of the LPRS must be operating as well as
component cooling water. These dependencies are explicitly modeled
on the fault tree. In fact, the presented fault tree is quite
comprehensive. However, the computation of system unavailability
does not wuse the presented fault tree. Rather, conditional
probabilities were calculated for the system based on whether or not
the containment fan system (hence, service water which cools the fan
coils and component cooling water) is working. This analysis is
currently being modified by the IPPSS analysts. However, the
material presented below probably will not need amending with the
modification.
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The anaiysis presented in the IPPSS explicitly models the common
cause failure possibility among the HP pump trains but,
inconsistently, ignores it for the recirculation and RHR pump trains.
As will be shown below, we believe a better estimate for the LP
portion of recirculation (either through the RHR or recirculation
pumps) is 4.4(-4), and this includes common cause failures. Thus, we
need here to only re-estimate the HP portion of the system to yield a
failure probability for HPR.

The pump train failure data given in the IPPSS for the HP system
are 6.4(-3) to start and 3.8(-4) to run, given start (1.6(-5)/hr
times 24 hrs.). The Atwood reference was searched for data
concerning common cause failure of three standby pumps to run and two
to start ?i.e.. HPI with one pump is assumed to have succeeded). The
recomputed failure probability of the pumps is 3.5(-4). In addition
to the pumps, either MOV 888A or 888B can fail (they are valves in
redundant paths from the RHR heat exchangers to the HP pump suction,
see IPPSS Figure 1.5.2.3.4-6). The datum given for a MOV failing to
open is 2.3(-4). if -he g-factor of 0.1, the same as for the valves
in the LPR analysis below, is used here, the total HPRS hardware
failure probability for the HPRS becomes 8.2(-4).

Low Pressure Recirculation (LPR)

The failure probability for LPR at IP-2 is given as 5.5(-3) of
which 5.3(-3) is due to human error. Table 1.5.2.3.4-18 of the IPPSS
gives the dominant failure modes of the system. Here the
recirculation pump trains have a g-factor as.igned of 0.01%4 whereas
for HPR above, they had none. Also the table is noteworthy for the
absence of the RHR pumps failing. Rather, the constructed mode
assumes, and the results in the table show, that should the
recirculation pumps fail, the only failure in establishing RHR flow
is the failure of the operator to initiate the switchgear from the
recirculation to the RHR pumps. A probability of 0.26 is assigned to
this, but the fact that the RHR pumps themselves could subsequently
fail is neglected. It must be noted that the RHR failure probability
s significantly less than 0.26, but the description should have
stated why it was being ignored.

To re-estimate the probability of this system failing, B-factors
of 0.088 and 0.1 were used for the pump trains (both recirculation
and RHR) and valve sets, respectively. The former is that used for
the LPIS review (see Section 2.4.1.5), and the latter is a subjective
estimate on our part. Then, the failure probability for the LPRS can
be expressed as:

0=(81Qrecire * 82%0v) (®1%mr * 2uov * Quoy * 0-26)
pumps 1802A,8B pumps B885A,B 1805

* 820mov
822A,B
where 8 is 0.088, a? is 0.1, and the failure probabilities for the

others 'are taken dfrectly from the IPPSS amalysis (except the
probability of the B885A,B va1ves‘f;111ng are multiplied by 0.1 to
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allow for recovery by the operator because they are outside
containment). This results in a hardware unavai\abi{ity for LPR of
4.4(-4). (It must be noted that the above equation assumes that
Qi << 8101. which in this case, it is.)

Containment Spray Recirculation (CSR)

The failure probability of the CSRS is estimated in the IPPSS as
1.5(-3) of which 99% is human error. The only other failure
possible, given that LPR is working, is for two motor-operated valves
(889A,B, see Figure 1.5.2.3.4-6) to fail closed. IPPSS evaluates
this with its g-factor of 0.014 which results in a hardware
contribution of 3.7(-5). If the 0.1 g-factor is used, this hardware
contribution inzreases to 2.3(-4).

Hot-Leg Recirculation

The hot-leg recirculation considered here is not that of normal
shutdown cooling. Rather, it is initiated approximately 24 hours
after the initiation of the accident, and thus its use presupposes
the success of LPR, Because LPR can be maintained, it is felt that
this portion of the analysis is not risk-significant and was hence
not reviewed in detail. However, it appears that the analysis is
acceptable.

2.4.1.8 1P-2 Containment Spray Injection System Fault Tree

The fault tree for the IP-2 containment spray injection system
is inconsistent with the analyses of the other systems. Section
1.5.2.3.5.4.1.3 of the IPPSS states: "“"Common cause failures of the
same type of component in different trains could occur, but the
probability in a standby system that is tested monthly and can be
maintained during reactor operation is judged to be very small....
Therefore, no common cause contribution has been assigned to this
system." The standby condition and the test and maintenance
characteristics of the CSI pumps are no different than those of the
HPI and LP! pumps. Thus, the cited IPPSS statement is inconsistent
with other IPPSS analyses.

Other than the common cause discrepancy, the CSI systems
analysis appears to be correct. Hence, the rest of this section
shall examine the effect on the system unavailability of including
pump common cause failure considerations.

IPPSS gives the CSIS unavailability as 7.5(-5) (sic) with random
hardware failures contributing 5.1(-5), maintenance on one train with
failures in the other contributing 1.1(—5). and operator error is not
restoring from a test condition contributing 1.4(-5).
(Unavailability due to testing itself is several orders of magnitude
lower.) The derivation of the latter two values appears to be
correct, but the neglecting of the pump common cause failure
possibility makes the first value suspect. The failures of a spray
pump to start and to run for two hours, given a start, is given as
6.5(-3). For a pump train, this value increases to 6.9(-3), with a
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variance of 7.4(-6). Thus, the probability of random hardware
failu;es of both trains is 5.5(-5) (not the 5.1(-5) given in the
IPPSS).

As presented in Section 2.4.1.5 of this report, for two pumps in
standby, there is a common cause fault probability of 5.7(-4), which
yields a g-factor of 0.088. With the use of this common cause
probability, the system failure probability becomes 6.0(-4), a factor
of eight higher than that reported in the 1PPSS.

2.4.1.9 1P-2 Containment Fan Cooling System Fault Tree

The fault tree constructed for the IP-2 containment fan cooling
system is correct, given the assumption used in the analysis. Three
assumptions could alter the calculated system unavailability, two of
which would decrease the value and one of which, increase it. Of
the former type, the success criterion assumed in the analysis is
that of the 1P-2 FSAR, that three of the five fan cooling units must
operate to achieve system success. Other PRAs (such as ANO-1) have
found that the success criteria for fan systems which are reported in
safety analysis reports can be conservative, instead of realistic
(see Section 2.3). Hence, the calculated fan system failure
probability may be conservative. The second conservative assumption
is that the analysis does not give credit for manual actuation of the
systenm; onl{ automatic actuation is considered. Because of the
relatively long time available for operator recovery actions to
restore system function and prevent containment overpressurization,
manual actuation is viable. Failure of automatic actuation, however,
is a small contributor to the overall system unavailability.

The assumption which is potentially non-conservative is that the
charcoal filter beds will not plug with airborne debris during the
course of the accident. This assumption has been made in other PRAs
(again, such as ANO-1) but has been a subject of sensitivity studies
in them because the phenomenology is not currently well-defined.
(NRC programs, e.g., ASEP, are looking at this to see if it is risk
significant.) The sensitivity of the overall risk to this assumption
was not done in IPPSS, but is investigated in Section 4.2 of this
report.

2.4.1.10 1P-2 Component Cooling Water System Fault Tree

The component cooling water ‘CCW) system at IP-2 is capable of
cooling any heat source by water - scharged from any pump. That is,
the system is totally headere’ together. Also, during normal
operaticn, two of the three pumps & e running.

The IPPSS gives the failure probability for CCWS as 1.0(-5) for
the power condition of all busses available, 6.1(-4) for the
condition of 1 bus lost, and 6.5(-3) for the condition of power at
two busses lost. The first case is for the situation in which the
CCW pumps, which were operating prior to the initiating event, do not
trip because of the initiating event. The last two cases are for the
situation in which the CCW pumps are tripped as a result of the
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initiating evert. Either loss of offsite power or a safety injection
:1ggal will cause the pumps to be tripped and then sequentially
oaded,

There are two principal areas of disagreement we have with the
presented analysis. First, the effects of a pipe break on the system
performance are not analyzed. As demonstrated in Section 4.6 of
this report, this is non-conservative. The second area of
disagreement is that common cause effects are assumed to be
negligible, which makes the CCWS analysis inconsistent with the rest
of the IPPSS. Generic common cause data (Atwood, EGG-EA-5288) were
again examined. For pumps such as those in the CCW, the data suggest
a common cause failure probability of two of two failing to start and
then failing to run for 24 hours of 2.9(-5). (Failure to run alone
is 2.4(-5)). In addition, for the failure to start and then run for
24 hours, the data suggest 1.44(-5) for the common cause failure
probability for a one of three pump system. Both values are needed
to review the CCWS because, without pump trip, two CCW pumps will
continue to operate and, with pump trip, one of three is required to
start and operate. In the former situation, should both pumps fail,
then the third is required to start. [IPPSS gives the failure
probability for this third pump 2s 6.54(-3).

The equation presented on p. 1.5-786 of the IPPSS can be used to
evaluate the pump failure contribution to system failure for the
various situations. {For all power conditiois and initiating events,
the remainder of the CCWS contributes 5.7(-6) to the overall failure
probability). With the use of the above information and the IPPSS
equation, the overall system unavailability, for the case of no pump
trip and power available at all busses, is 8.3(-6), not the 1.0(-5)
presented in the IPPSS. (It appears that failure to start data was
used instead of failure to run.) For the situation with pump trip
and power available at all busses, the system unavailability is
re-estimated to be 2.0(-5).

For the situation where the pumps trip and power is lost to one
bus, the equation on p. 1.5-789 can be used to determine pump train
contribution to system unavailability. With the use of the above
common cause datum, the CCWS failure probability for this case is
estimated to be 2.9(-5) which is significantly less than the 6.1(-4)
reported in the 1PPSS. For the situation of pump trip and power
available to only one pump (loss of power to pumps 22 and 23 is the
worst case because they are powered by the same diesel generator),
the pump failing to start or to run is 6.54(-3) which is the value
reported by the IPPSS. However, for this bounding condition, they
did not add in the unavailability of pump 21 due to maintenance which
fs 1.39(-3) as reported on p. 1.5-776. Therefore, for this last
situation, the system unavailability should be 7.93(-3).

2.4.1.11 1P-2 Service Water System Fault Tree

The service water (SW) system consists of two subsystems, each
having three pumps: the nuclear header and the conventional header,
Each subsystem is completely headered together so the analysis
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complications are lessened. The analyses of both were reviewed and
found suspect in certain respects. Success of the system is defined
as two nuclear header pumps operating and one conventional header
pump. (In the analysis of the loss of offsite power initiating
event, IFPSS committed two mistakes. First, they kept to this
success criterion although all three diesel generators can be cooled
by one nuclear header pump, and secondly, they added the two
subsystem unavailabilities together whereas the diesel generators do
not require cooling 2t all from the conventional header.%

1PPSS gives the unavailabilities for the two subsystems as

. Nuclear Header Conventional Header

Power Condition w/Safety Actuation w/o Safety Actuation®*
A1l Power 2.4(-4) 4.6(-5) 5.4(-6)
Available
power Lost at 1.8(-2) 7.8(-5) 5.09(-4)

1 bus
power lost at 1.0 7.0(-3) 7.9(-2)

2 busses

*with loss of offsite power

Two problems arise from the analysis. First, the three gates to
the intake structure are assumed to fail, by plugging, completely
independently of each other. (It should be noted that the SW pumps
normally take suction from only one, but upon a safety actuation
signal, the other two have doors which are to open for the SW pump
suction.) Secondly, common cause failures among the pumps of each of
the two subsystems are assumed to be negligible.

As to the former concern, IPPSS uses a mean probability of the
intake screen plugging of 2.66(-5) per hour and then combines this
with the failure of either of the two doors to open oOr plugging of
the screens of the other two intakes. A1l of these failures are
assumed to be independent of each other, and the intake structure
unavailability is estimated to be 6.0(-10) over the 24 hour period of
the accident.

The visit to 1p-2 revealed that the three screens are
side-by-side, each about 20 feet in width. They are cleaned daily,
in succession, Because of their proximitdy‘ and the sequential
cleaning routine, it is felt that a strong dependency exists among
the three screens. NSIC data were reviewed to ascertain if nuclear
plants are susceptible to plugging of the service water eystem. Six
possibilities were found at Duane Arnold, Hatch, ANO-1 (twice),
ANO-2, and San Onofre 1. None of these resulted in comglete SWS
failure prior to operator-initiated safe shutdown, but the instances
do indicate the possibility of a common cause sW failure in the
integrity of its source.
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minutes unless the operate trips it. The IPPSS analysis handles all
three pumps as being identical in this respect, that, if the
condensate storage tank water supply be lost, the operator has 30
minutes to align in the city water supply. No other human actions
are considered given CST supply failure.

Secondly, the turbine-driven pump only cranks to a minimum speed
automatically. The operator must manually bring its speed above the
minimum. This is not modeled.

Thirdly, common cause failures between the two motor-driven
pumps are ignored. As shown in previous sections, this tends to be
non-conservative. (The g-factor method presented by Atwcod
(EGG-EA-5288) cautions against using the method among dissimilar
components, e.g., motor- and turbine-driven pumps.)

To evaluate the effect of these errors, a simplified system

fault tree was constructed using the supercomponents identified in
the IPPSS and, for the most part, the data presented there. It was
assumed that, if the CST source failed, the turbine-driven pump would
automatically fail with no recovery potential. Furthermore, in
consistency with the IPPSS human error probabilities for the AFWS,
a probability of 0.07 was for that the operator would not increasing
the speed of the turbine-driven pump. Finally, from the Atwood
reference given above, it was determined that the g-factor for the
two motor-driven pumps is 0.204. With the use of these values, the
system unavailability was re-estimated to be 3(-5) for the all power
available case and 2.3(-2) for the blackout case.

2.4.2 Fault Trees of Incian Point 3

Section 1.6 of the IPPSS presents the systems analysis for the
Indian Point 3 reactor. The review of these analyses is presented
below. Unless otherwise noted, system failure probabilities cited
herein are for the case of all power available, which is of primary
concern except for a few systems. By the nature of the review, only
those areas of disagreement are discussed.

2.4.2.1 1P-3 Emergency Electric Power System Fault Tree

The 1P-3 emergency electric power system is very similar to that
of IP-2. The principal difference is that at IP-3, there is no
automatic transfer to a backup DC supply for the diesel generator
starting requirements. The review of the IP-3 system was identical to
that of IP-2 (see Section 2.4.1.1), and the IPPSS analysis appears to
be reasonable. For example for the blackout case, IPPSS reports a
failure probability of 1.0(-3) whereas this becomes 1.2(-3) with the
inclusion of the generic common cause diesel generator failures.

2.4.2.2 1P-3 Reactor Protection System Fault Tree

The fault tree for the reactor grotection system (RPS) of IP-3
was reviewed and found to be acceptable, with the same reservations
as those expressed in Section 2.4.1.2 of this report.
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The mean system failure probability is found to be 3.93(-5) with
the ¢ifference between the IP-3 and IP-2 values resulting from the
different operational histories of the two plants. For example, the
mean test unavailability at IP-3 is given as 8.54(-3) while it is
5.97(-3) at IP-2. Similarly, IP-3 has had far fewer demands of its
RPS than has IP-2. (This results not only from the longer operating
time of IP-2 but also from the greater number of transients which
IP-2 has experienced). As given in the IPPSS, IP-3 has had 0
failures of rod cluster assemblies to fully insert in 1908 demands
whereas 1P-2 has had 0 failures in 6784 demands. Thus, IPPSS gives
the mean probability of this failure at IP-3 as 9,2(-6), which means
that 24% of the RPS failures are not recoverable by pushing the
manual scram button.

2.4.2.3 1p-3 Safeguards Actuation System Fault Tree

The comments for the IP-2 Safeguards Actuation System Fault
Tree, Section 2.4.1.3 of this report, are applicable here as well.

2.4.2.4 !P-3 High Pressure Injection System Fault Tree

The same reservations we expressed in Section 2.4.1.4 about the
IP-2 HPI analysis also hold here for the IP-3 HPI system. The
analyses presented in IPPSS Section 1.5.2.3.1 for the IP-2 HPIS are
identical to those presented in Section 1.6.2.3.1 for the 1P-3 HPIS
with the exception of the plant specific data.

The failure probabilities presented for the HPIS are 1.8(-4) for
the medium LOCA success criteria and 1.3(-4) for the small LOCA
success criteria. The latter value results almost exclusively from
the failure of one of the three valves in the RWST suction line. The
pump train failure probability is given as 1.5(-3) for the IP-3 HPIS
whereas it was 7.0(-3) for the IP-2 HPIS. :

Qur review again reanalyzed the system failure probability for
the two different success criteria, particularly with respect to pump
train de?endencies. With the use of the Atwood data (EGG-EA-5288),
the recalculated failure probabilities become 6.8(-4) for the medium
LOCA mode! and 4.9(-4) for the small LOCA model.

2.4.2.5 1P-3 Low Pressure Injection System Fault Tree

The review of the IP-3 low pressure injection (LPI) system fault
tree showed it to be the same as that for IP-2 (see Section 2.4.1.5)
except for the handling of common cause failures and the different
data used. The failure probability of the LPIS for IP-3 is given as
8.1(-4) in the 1PPSS.

As to common cause, the presented analysis simply ignores it
which seems to indicate that its omission is an oversight. With the
data presented in the IPPSS and the use of the g-factor of 0.088 used
by us for the 1P-2 LPIS review, the IP-3 LPIS failure probability is
re-estimated to be 9.3(-4).
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(It must be noted that motor-operated valve 882, which in the
common suction line for both LP pumps and is normally de-energized
open, contributes 6(-4) to the system unavailability, or roughly
two-thirds of the total. This results primarily because the valve is
verified open only at refueling outages. A change in procedures
could surely significantly reduce its fault exposure time.)

2.4,2.6 1IP-3 Accumulator System Fault Tree

The fault tree constructed for the IP-3 accumulator system is
correct, with one exception. The exception is the same as that noted
in Section 2.4.1.6 and concerns the check valves shared by the
accumulator and low pressure systems. The discussion presented in
the referenced section applies here as well,

2.4.2.7 1P-3 Recirculation System Fault Trees

The same comments made in the review of the IP-2 recirculation
system (Section 2.4.1.7 of this report) apply here as well. The
differences which occur are the result of the different data useu for
IP-3 than for IP-2.

The failure probability for HPR is given as 4.1(-3) of which
3.9(-4) is operator error ard 3.11(-3) is failure of the HP pumps to
operate during the 24 hours duration. With the replacing of the
IPPSS g-factor with information gleaned from Atwood and with the
re-estimated LPR failure probability given below, we estimate the
hardware contribution to PR unavailability should be 8.4(-3).
However, as is stated in Se:tion 3.3.1 of this report, we believe
this value is false becc:se the [IP-3 HP component failure
probabilities are a result of overapplication of the data.

For the LPRS, if the IP-3 specific data is used and applied to
the equation given in Section 2.4.1.7, the new estimation for the LPR
ha~dware failure probability becomes 1.9(-4). Similarly, the CSR
hardware failure nrobability becomes 1.5(-4).

2.4.2.8 1P-3 Containment Spray Injection System Fault Tree

The comments made for the I1P-2 CSIS analysis apply here as well
(see Section 2.4.1.8). The identical rationale for neglecting common
cause failures s cited in IPPSS Section 1.6.2.3.5.4.1.3 as in
Section 1.5.2.3.5.4.1.3.

The system unavailability is given as 3(-5) (sic) with random
hardware failures of the two trains contributing 1.3(-5), operator
error in restoring from test contributing 1.4(-5), and one train out
for maintenance with hardware failures in the other contributing
4.5(-6), The human error probability is identical to that used for
the IP-2 CSIS analysis, and the maintenance experience of the two
plants is nearly so (IP-3 gives a maintenance unavailability of
7.3(-4) whereas at IP-2, the value is 8.1(-4)). The major difference
in the two system failure probabilities is in the failure
probabilities of pumps failing to start and failing to run for two
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hours, given start. Here, that probability is 1.4(-3) with a
variance of 1.2(-6), and for IP-2 it was 6.5(-3) with a variance of
7.4(-6). Similarly, for a pump train, the IP-3 hardware failure
probability is 3.1(-3) with a variance of 3.6(-6), and the IP-2
values were 6.9(-3) with a variance of 7.4(-6).

If the 5.7(-4) common cause failure probability is used (see
Section 2.4.1.5), the IP-3 CSIS failure probability becomes 6(-4), a
factor of twenty greater than that reported. Thus, it would seem
that industry experience indicates that pump common cause failures
are very important for this system.

2.4.2.9 1pP-3 Containment Fan Cooling System Fault Tree

The fault tree constructed for the IP-3 containment fan cooling
system is correct, given the assumptions used in the analysis. The
assumptions are the same as that for the equivalent IP-2 system and
are discussed in Section 2.4.1.9.

The difference between the calculated fan system
unévailabilities for IP-2 and 1P-3 1is attributable to different
component failure and maintenance histories, as well as differences
in actuation, at the two plants. For example, as to the former,
valve failure experience is different at the two plants, here
specifically in the air-operated service water discharge valves used
in emergency operation. At IP-2, one of this type of valve has
failed to open on demand during the history of the plant whereas
there have been no failures of this type of valve at IP-3. Hence,
two different data were used in the analyses of the two plants.

As to the differences in actuation, the safety equipment loads
at IP-2 are stripped from their busses upon a safety actuation system
whereas they are not at IP-3. Thus, the system unavailability at
IP-3 is also lower than that at IP-2 because, at the former, the fans
do not need to restart.

2.4.2.10 1P-3 Component Cooling Water System Fault Tree

The component cooling water (CCW) system at IP-3 is different
than that at IP-2 in that the three pumps do not trip off except on a
loss of offsite power, and in that event they are each powered by a
separate diesel generator. The system is like that of IP-2, however,
in that it is totally headered together. (Figure 1.6.2.3.7-4 in the
IPPSS is in error. It shows valves 766C and D normally closed when,
in fact, they are normally open.)

IPPSS gives the failure probabilities for the system as
presented below (common cause failure is assumed to be negligible):

Power Condition w/o LOP w/ _LOP
A1l Power 1.1(=7) 3.0(-7)
Power at 2 busses 1.8(-6) 3.0(-5)
Power at 1 bus 8.3(-5) 1.5(-3)
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For IP-3, the failure of a CCW pump to start is 1.44(-3), and
the failure of the pump to run, given start, is 9(-4). Furthermore,
the unavailability of a pump due to maintenance is given as 1.84(-2)
on p. 1.6-753. With the use of these data, the common cause data
presented in Section 2.4.1.10, the equation presented on p. 1.6-762
of the IPPSS and the passive valve failure data given, the CCWS
failure probability for the above cases is re-estimated to be:

Power Condition w/o LOP w/_LOP
A1l Power 1.4(-6) 9.8(-5)
Power at 2 busses 2.9(-5) 4.2(-5)
Power at 1 bus 1.8(-2) 2.0(-2)

The differences in our calculations and those of the IPPSS are
attributable to our inclusion of common cause effects and their
omission to account for maintenance for the two cases of power
available at one bus.

2.4.2.11 1P-3 Service Water Fault Tree

The service water (SW) system a: IP-3 is quite similar to that
of IP-2. A major difference in the two systems is that the SWS of
IP-3 has three backup SW pumps with a separate intake structure on
the discharge canal. Thus, the screen common cause event of IP-2
does not exist at IP-3. It must also be remembered that a safety
actuation signal does not strip loads at IP-3.

IPPSS gives the failure probabilities for the SWS as

Nuclear Header Conventional Header

Power Condition w/o LOP w/ LOP, 1 Pump
A1l Power 3.1(-5) 8.3(-5) 7.2(-5)
Available
Power Lost at 5.0(-3) 9.3(-5) 1.3(-4)

1 bus
Power lost at 1.0 3.3(-3) 1.8(-2)

2 busses

As with the IP-2 SWS analysis, that for the IP-3 SWS neglects
common cause failures. Furthermore, the analysis of the special
case condition (one nuclear header pump success criterion) ignores
completely pump maintenance outages, as does the analysis for the
nuclear header without LOP and power lost at one bus.

The data presented in Section 2.4.1.10 for common cause pump
train failure probabilities are used here as are the data from IPPSS
of a SWS pump having an unavailability due to maintenance of
1.47(-2), a failure to start of 1.43(-3), and a failure to run for 24
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hours of 1.77(-3). With these data, the failure probabilities of the
SWS are re-estimated to be

Nuclear Header Conventional Header

Power Condition w/o LOP w/ LOP, 1 Pump
A1l Power 3.8(-5) 9.7(-5) 8.6(-5)
Available
Power Lost at 2.0(-2) 9.7(-5) 1.3(-4)

1 -bus
Power lost at 1.0 1.8(-2) 1.8(-2)

2 busses

2.4.2.12 1P-3 Auxiliary Feedwater System Fault Tree

The fault tree for the IP-3 auxiliary feedwater (AFW) system was
reviewed and found to be in error in two of the three instances of
errors in the [P-2 AFWS fault tree (see Section 2.4.1.12). The
exception is that the turbine-driven pump at 1P-3 automatically goes
to full speed. IPPSS calculates the system unavailability as 2?-5)
for the all power available condition and 1.6(-2) for the blackout
condition.

As with the IP-2 AFWS review, a simplified fault tree was
constructed for the IP-3 AFWS. With the use of the IP-3 data, the
common cause failure datum for the two motor-driven pumps given in
Section 2.4.1.12, and the assumption that the turbine-driven pump
will fail if the CST supply fails, the AFWS unavailability was found
to be essentially unchanged for the power available condition and to
increase to 1.9(-2) for the blackout condition.
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2.5 Human Reliability Analysis
2.5.1 Scope of the HRA Review

The human reliability analysis (HRA) portions of the Indian
Point Probabilistic Safety Study (IPPSS) were reviewed and evaluated
by the same Sandia human reliability analyst who reviewed the HRA
portions of the Zion Probabilistic Safety Study (zZPSS). In this
analyst's opinion, despite some shortcomings the IPPSS HRA repre-
sents a detailed, thoughtful, and objective attempt to analyze the
most difficult-to-analyze system component--the buman.

This HRA section is relati.ely short for three reasons: (1)

The HRAs for both units at Indian Point are identical and are almost
identical with the HRA made for the Zion plant, so much repetition
seems unnecessary; (2) only four error terms from Section 3.0 have a
major impact on the systems analysis in the Sandia evaluation of the
IPPSS; and (3) the documentation behind the estimates of human per-
formance used in the IPPSS is too sketchy to permit this analyst to
properly evaluate many of the human error terms used in the PRA.

The next section (2.5.2) repeats the 11 areas of agreement/
disagreement with the HRA in the ZPSS since they are applicable also
to the IPPSS. In Section 2.5.3 each of these areas is discussed,
with mention of any differences between the ZPSS and the IPPSS.
Section 2.5.4 provides the only quantitative evaluation made here
because there are only four error terms that have a significant
impact in the Sandia systems analysis. Section 2.5.5 provides a
short summary of comments on the IPPSS HRA. Finally, Appendix A
lists some specific reservations about certain estimates or state-
ments in the IPPSS, with emphasis on questions that cannot be
answered because of lack of information in the IPPSS.

2.5.2 Areas of Agreement/Disagreement with the IPISS
The following is a list of 11 areas taken from our review of
the 2PSS which also apply to the IPPSS. The next section provides a
description of each.
1) Incomplete and incorrect documentation of the HRA.
2) Use of large uncertainty bounds in the HRA.

3) Use of undue optimism in assessment of credit for human
redundancy.

4) Use of optimistic assessments of human performance under
stress, especially for cases of multiple problems.

5) Use of persons to estimate operator performance in place
of simple measurements.
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6) Lack of documentation on how expert opinion was used.

7) Incomplete documentation of data sources used for estimated
human performance.

8) Use of optimistic assessments of dependence among tasks
done by same person.

9) Possible insufficient consideration of common-cause
failures from human errors.

10) Possible insufficient consideration of errors in restoring
safety components after test, maintenance, or calibration.

11) Prequent use of conservatism in the HRA.

2.5.3 Description and Qualitative Assessment of the Areas of
Agreement/Disagreement

This section discusses each of the 11 areas identified in the
previous section.

1) Incomplete and incorrect documentation of the HRA.

As near as this analyst can determine, the HRA portions and
estimates of human error probabilities (HEPs) and assumptions about
human behavior and interperson interaction are identical for the two
Indian Point units (2 and 3), and nearly identical with the HRA done
for the ZPSS. 1In view of the generic data for HRA available to
analysts, the near identity of the HRAs for all three plants should
not be construed as a criticism. Apparently, the same personnel
performed all three HRAs, and made the judgment that there was a
very high degree of similarity in the operator behaviors required in
these different PWRs for the task evaluated. Therefore, the basic
HEPs and many assumptions about operating teams made in the ZPSS
were applied without change to the same tasks in the IPPSS. For
some other tasks, changes were made between the ZPSS and IPPSS,
e.g., the giving of less credit for the STA (shift technical advi-
ser) in the Indian Point plants to catch operator errors than in the
Zion PWR because in the former plants the STA is not an SRO (senior
reactor operator) as is the case in the latter plant. Such extrapo-
lation can be warranted; this analyst is unable to evaluate this
type of generalization of results because of the time limitation
placed on this review.

While this analyst does not criticize the above generalization,
the IPPSS should have made this procedure clear. In some cases, a
reader might be led to believe that separate analyses were made in
the Zion and Indian Point HRAs, when this does not appear to be the
case. For example, on page 1.5-902, Section 1.5.2.3.9.4.4. "Human
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Inaction,” with regard to the Indian Point 2 Auxiliary PFeedwater
System, it is stated, "The probability of human inaction has been
quantified into histograms based on discussions with operators,
supervisory personnel, engineers, and after a review of the operat-
ing histories at other plants. The judgments take into account the
high stress conditions in the control room during emergencies arnd
the competing demands during the 30 minutes the operator has to per-
form his task." It may not be clear to the reader that the phrase
*at other plants® applies to all of the foregoing--not just to a
review of operating histories at other plants. The histograms on
pages 1.5-903 and 904 are identical to those in the comparable sec-
tion in the Zion PRA. It is reasonable to conclude that the PRA
team decided that the Zion results could be applied to the Indian
Point 2 PRA without modification. The same analysis was also
applied to Indian Point 3.

The use of NUREG/CR-1278* in this PRA (as well as for the Zion
PRA) for many of the estimated human error probabilities (HEPs) made
it easy to find sources of such estimates. However, it was not pos-
sible to fully understand and evaluate the HRA by reading only those
sections clearly labeled as "human reliability," "human error,® or
*human factors." Because of the lack of documentation and the dif-
ficult-to-follow format, it was frequently difficult to impossible
to evaluate estimates of some HEPs and to track the translation of
these HEPs into questions which combined both equipment failure and
human error terms. In this respect, the Indian Point HRA is more
difficult to track than the Zion HRA. Because of the time limita-
tion placed on this review, the Sandia HRA specialist had to base
many of his evaluations on the assumption that the operator tasks
and equipment support and procedures at these plants are equivalent
(highly similar) to those at the Zion plant with which he is
familiar.

One major conclusion, then, is that HRA parts of a PRA should be

documented in some systematic and reproducible manner, as is
suggested in NUREG/CR-2254 **and implemented in the Arkansas Nuclear

*Swain, A, D., and Huttmann, H. D., Handbook of Human Reliabilit
Anal*sis with Emphasis on Nuclear Power Plant ggincations (arait
or interim use and comment), U.S. Nuclear Regulatory Commission,

Washington D.C., Oct. 1980.

**Bell, B. J., and Swain, A. D., A Procedure for Performing a Human
Reliability Analysis of Nuclear Power Plants, NUREG/CR-2254 (draft
or interim use and comment), U.S. Nuclear Regulatory Commission,

wWashington, D.C., 198l.
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One Unit 1 PRA.* Unless this is done, independent evaluation of the
HRA portions of a PRA by others will be difficult to impossible.

2) Use of large uncertainty bounds in the HRA.

In general the IPPSS HRA makes use of wider uncertainty bounds
than are found in NUREG/CR-1278. When their estimates of median
HEPs are valid, the IPPSS HRA is more conservative, i.e., less
likely to be optimistic about human interaction and intervention in
a plant, than would be the case if they used narrower uncertainty
bounds.

However, as in the ZPSS, it is stated in Section 0.15 (Vol. 1,
page 0-99) that "We determine the log normal distribution by using
the best estimate as \ he median and the upper bound as the 90th per-
centile, rather than tae 95th percentile that the handbook recom-
mends.” ("Handbook" refers to NUREG/CR-1278.) Nevertheless, they
forgot this conservatis and used the 95th percentile throughout the
report. In the opinion of this analyst, this is not a serious prob~
lem; there are many cases in which other conservatisms are
employed. As a minimum, bowever, it does constitute an example of
incorrect documentation.

3) Use of undue o; :imism in assessment of credit for human
redundancy.

On page 1.5-584 of the IPPSS it is stated that following an
important transient there would be four people present in the con-
trol room: two contral board operators, one of whom is an SRC, the
watch/supervisor (an SRO), and the STA who "does not have an operat-
ing license, but has been trained in the mechanics of accident con-
trol and plant response characteristics." For certain major
transients (e.g., a LOCA), the report makes the reasonable assump-
tion that all four of these people would be present within half an
hour following off-normal annunciator signals. One control board
operator reads the procedures related to the transient while the
other does the actual interfacing with the control boards. The
IPPSS reasonably assesses a high level of dependence between the two
operators. A moderate degree of dependence is assessed between them
and the watch supervisor and between these three and the STA. All
of these levels of dependence seem reasonable when all four people
are involved in the same activity. The problem is that for some
transients, all four are presumed to be involved in the details of
monitoring control room indications and verifying that correct

*Kolb, G. J., (Principal Investigator), Interim Reliability Evalua-
tion Program: Analysis of the Arkansas Nuclear One--Unit i Nuclear
Power Plant, NUREG/CR-27187, U.S. Nuclear Regulatory Commission,
Washington, D.C., 1982.
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switching actions have been carried out. Thus, for several
applications, including one of the two operator/small LOCA actions
evaluated in Section 2.5.4 below, the IPPSS assumes that four people
would have to fail, whereas this analyst would assume only three
people at the most. Given an assessment of moderate dependence for
the STA, the assumption of his involvement in some detail can result
in a recovery factor as high as about 85 percent. If the STA would
not be involved, the IPPSS assumption resultes in undue optimism in
their assessment of credit for human redundancy.

4) Use of optimistic assessments of human performance under
stress, especially for cases of multiple problems.

As in the ZPSS, perhaps the major fault in the HRA for the IPPSS
is the use of more than one operator action designator (i.e., OPl
through OP5 described beginning on page 1.3-127) in the same
sequence of events (ET designators) without modifying the HEPs fer
the added stress of less time or less practice or less familiarity
with sequences involving multiple faults, e.g., loss of feedwater
plus anticipated transient without scram (ATWS). The use of more
than one OP designator in a sequence implies an unreasonably opti-
mistic assumption that there would be no exacerbating effect due to
the interaction of stress effects.

However, apparently none of the multiple fault transients have
an impact in the systems analysis, so the ahove assumptions made
about stress may not b= important for this particular PRA. Further-
more, the assumptions in the IPPSS about stress levels of operators
in responding to initiating high-pressure recirculation seem reason-
able, and this is the only system event in which human error has a
major impact in the systems analysis. As in the ZPSS, the IPPSS
bases modifications of the stress model in NUREG/CR-1278 on the
stated degree and frequency of practice in carrying out HP recircu-
lation procedures. If their statements are valid (which this
analyst presumes is the case), their modifications to the stress
model seem reasonable.

Another problem in this HRA (as well as in the HRA for the Zion
plant) is that the application of the IPPSS human performance models
for LP or HP recirculation is sometimes made for response to events
when considerably less time is available for successful operator
intervention than was assumed for these two models. For example, on
page 1.3-120 there i3 an event "K-4 Manually Deenergize and Rods
Drop." This requires, according to the IPPSS analysis, that a suc-
cessful manual trip of the reactor be made within 10 minutes of
ATWS. As in the 2ZPSS, the IPPSS uses the LP Recirculation Model for
human performance response to this event. The model presumes that
four people are present; this is not a reasonable assumption in this
analyst's opinion. Credit should not pe given for the presence of
the STA within 10 minutes of a transient initiation. PFurthermore,
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if the analysis of the time available for manual intervention is
incorrect (as it was judged to be so in the Sandia evaluation of the
Zion study), and the available response time is actually only 2
minutes rather than 10, then no credit at all should be given for
any operator intervention. (However, for this particular transient
apparently the issue of human intervention is not as important in
the systems analysis as it was in the 2ZPSS.)

5) Use of persons to estimate operator performance in place of
simple measurements.

As in the Z2ion study, estimates of response times were obtained
by interviewing operating personnel when it would have been possible
to take actual measurements. Skilled personnel typicaly underesti-
mate how much time it will take them to perform various tasks.

For example, Table 1.5.2.2.1-14 on page 1.5-343 entitled "Indian
Point 2 Offsite Power Recovery Actions" provides "estimated action
time" for several recovery actions. Some of the time estimates have
very wide margins because they deal with repair of defective equip-
ment. For cases such as these, operator estimates and records of
repair time would constitute reasonable sources of information.
(However, the report does not document how these estimates were
obtained.) For other operator actions requiring much shorter times,
actual time measures could have been taken--or at least simulated in
talk-throughs and timed.

6) Lack of documentation on how expert opinion was used.

As was noted in the Sandia evaluation of the ZPSS, nowhere in
that report, or in the IPPSS report, is there a description of the
methods used for psychological scaling (the technology of using
expert opinion). Without evidence that recognized methods were
employed, it is not possible to have much confidence in data derived
by the use of expert judgment. This criticism especially applies to
cases in which histograms of cumulative probabilities of correct
action over time were derived from expert opinion. This analyst has
no confidence in the ability of operators to reliably make such
multidimensional, absolute judgments.

7) Incomplete documentation of data sources used for estimated
human performance.

Sufficient documentation was provided for tracing the use of
estimates from NUREG/CR-1278. However, in the case of the use of
expert opinion, and in some cases where the data source was not
stated at all, or where a description of relevant performance shap-
ing factors is not provided, it is not possible to evaluate the
estimated HEPs in the IPPSS. There are many cases of this lack of
documentation. One example is found on page 1.5-419 where it is
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apparently assumed that if there is a failed dc power fuse, it will
be detected 100 percent of the time during the operator check of the
status of the panels once per shift. Without describing fully the
*operator check® each shift, one does not know whether this is
merely a casual "look around the panels® as is done at some plants,
or whether that particular dc power fuse is an item on a shiftly
checklist, such as that employed by Arkansas Nuclear One Unit 1 per-
sonnel. If the latter is the case, there would be a high probabil~
ity of detection each shift, but not 100 percent. If the former is
the case, depending on the type of display, the credit allowed for
the shiftly check might be very, very small.

8) Use of optimistic assessments of dependence among tasks
done by the same person.

In addition to the optimistic assumptions about dependence,
among team members (see item 3), the IPPSS provides (on page
1.5-123) a rule for within-person dependence that can result in
optimistic assessments. The rule is for the tasks of a person suc-
cessively restoring valves to their proper positions after test or
maintenance. The report states, "For those routine actions, where
written procedures are used, the level of dependence between the
restoration of the first two valves is judged as moderate and the
level of dependence for all other valves is complete."

This general rule could lead to extreme optimism for cases where
the true level of dependence for the operator's errors of omission
is complete. That is, for certain valve configurations (as
described in Chapter 13 of NUREG/CR-1278) it is very likely that if
an operator fails to restore one of two or more valves, he will
always fail to restore the other(s). 1If for example, there are two
redundant valves in a system, and if one assumes a basic error prob-
ability of .003, the application of the above IPPSS general rule
would result in an estimated joint HEP of

003 x 2+ 8(.003) , 4 » 1074,

whereas the correct estimate would be .003 x 1.0 = 3 x 10'3,
nearly a factor of 10 higher.

This same problem was also found in the ZPSS, and as in that

study, this analyst could not find that the general rule was ever
used. If it has been used, recalculations are in order.
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9) Possible insufficient consideration of common-cause
failures from human errors.

Insufficient documentation was provided to evaluate whether the
possibilities for common-cause failures from human errors were
appropriately assessed. PFor example, in the reactor protection
system (RPS), the report mentions (on page 1.5-389) the possibility
of common miscalibration errors but states that "...most calibration
activities, even if performed in error, ¢o not result in an instru-
ment that fails to provide a trip." No further clarification is
given.

17) Possible insufficient considera:ion of errors in restoring
safety components after test, maintenance, or calibration.

It is not clear from the IPPSS if sufficient consideration was
given to the possibilities for unavailability of safety components
due to restoration errors after maintenance, calibration, or test-
ing. This analyst has the impression that optimism may have
occurred. But the lack of discussion ir this area did not permit an
accurate evaluation. PFor example, in acdition to the short discus-
sion above in the IPPSS in rejecting the possibility of common-cause
calibration errors for the RPS, nothing is said about the possibili-
ties for common-cause influence from failure of technicians or oper-
ators to restore circuits or components to the normal status after
disruption of the normal status to permit the calibration. It may
well be that logic testing provides sufficient recovery factors, but
the report does not provide clarification.

11) PFrequent use of conservatism in the HRA.

Apart from specific comments above on the possibility of undue
optimism in the IPPSS for certain analyses, it was apparent that in
several cases the PRA team did incorporate measures of conservatism
in other analyses. In several cases, even though this analyst
judged that some aspect of the IPPSS HRA for a given task was opti-
mistically assessed, other aspects for the same task were treated so
conservatively that this analyst's overall impression was that the
final analysis was not optimistic--and 2ven peisimistic in some
cases.

The overall impression received is t“hat those responsible for
the HRA in the IPPSS attempted to avoid undue optimism in assessing
the effects of human performance. Their occasional use of some
inappropriate optimism (in the opinion of this analyst) reflects
either honest errors of judgment in their analyses or an inappro-
priate evaluation of their estimates by this analyst. The latter is
certainly possible in light of the lack of documentation provided in
the IPPSS and this analyst's unfamiliarity with the Indian Point
plants.
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2.5.4 Quantitative Evaluation

Only four human error terms are shown in Section 3.0 of the
Sandia evaluation to have a major impact on the systems analysis.
These are related to high-pressure and low-pressure recirculation
after a LOCA.

Pollowing is an evaluation of the IPPSS HRA assessments for the
four terms.

1) Pailure to initiate switchover to high-pressure
recirculation after a small LOCA.

age 1.5-584, this term is designated as Qa}. the failure
to initfate switchover to high-pressure recirculation. The IPPSS
estimates that it takes at least 2 hours, and more likely 10 hours,
for HP recirculation to be needed after a small LOCA. This need
should be recognized when the transient is properly diagnosed, and
the time to initiate recirculation is indicated by a low level alarm
in the refueling water storage tank (RWST). A well-organized crew
would be monitoring the RWST level indicator and would not likely be
taken by surprise when the alarm sounds.

No assessment is given in the IPPSS for the operating crew to
fail to recognize they have a small LOCA. By implication, the HEP
is zero. This seems a reasonable assumption; this analyst's latest
model for this type of diagnostic error by the control room team
2 hours after it is re ognized ghat something is amiss gives a nomi-
nal HEP of between 10 and 1072 with an error factor of 30.*

Given the fact that the Indian Point operators are well-versed on
what pattern of stimuli is associated with a small LOCA, and that,
as stated on page 1.5-583 of tnhe IPPSS, the time window is 60
minutes, the failure of all four people in the control room to
recognize the nature of the problem and still allow sufficient time
for the switchover actions should be vanishingly low.

The actual switchover procedures should be initiated when the
RWST low level annunciator comes on. Given that no misdiagnosis has
been made (as stated above), there should be plenty of time for the
operators to eyeball the vertical analog meter which displays RWST
level. In one sense this is a dynamic task because it involves the
monitoring of a constantly but slowly changing display indication.
However, even if the operators get involved elsewhere and forget to
monitor this display (which seems unlikely), the RWST low level

*Swain, A. D., "Modeling of Response to Nuclear Power Plant Tran
sients for Probabilistic Risk Assessment,® Proceedings of the 8th
0 SS he International Ergonomics As ociation, Tokyo, Aug.
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annunciator offers a very good signal to tell them it is time to
{nitiate switchover to recirculation. The effectiveness of this
annunciator will depend on how many competing auditory annunciations
are occuring at about the same time as the low level annunciator.
The IPPSS does not provide this information.

However, the crew apparently have 60 minutes in which to
initiate switchover, so there is time to recover even if they forget
to monitor the low level indication and if they don't take proper
notice of the related annunciator. It appears to me that an operat-
ing crew would really have to be utterly confused if the switchover
procedures were not initiated within the allowable time.

The IPPSS uses the same arguments nade in the ZPSS for the error
of failing to initiate switchover. They use a basic HEP of .003 and
double it for moderately high stress, using NUREG/CR-1278 as their
guide. They assume that the omission error would be a function of
all four personnel in the control room, using the assessed levels of
high dependence between the two operators, and moderate dependence
for the watch supervisor and the shift technical advisor. On_page
1.5-586 the HEP (median) is calculated correctly as 6.6 x 10-3,

However, if the IPPSS is correct in assessing the switchover to
the recirculation phase as a dynamic task (as stated on page
1.5-580), rather than .003, the report should use .01l5 as the nomi-
nal HEP for this task. (The .015 is calculated from Table 20-23 in
NUREG/CR-1278 as the basic HEP of .003 times 5 for dynamic tasks
under moderatly high stress by highly skilled operators.)
Recalculating their equations with .015 as the nominal HEP gives

.015 x 1—'21—5 g Al 57°°15 = .0012

This is a factor of 18 greater than the IPPSS joint HEP.

If one works out the problem in a different manner, using more
detailed gnalysis, the joint HEP is even smaller than their
6.6 x 102, Assume for example that the monitoring of the RWST
level indicator is considered a dynamic task and that only the two
control board operators are involved, with high dependence between
them. Using the basic HEP of .003 but multiplying it by 5 (for
dynamic tasks under moderately high stress) and again by .5 for the
second operator (high dependence) gives a joint HEP of .0075. For
the annunciator recovery factor, assume both operators and the watch
supervisor are involved, with the above levels of dependence
assigned to them. Also assume five alarms (i.e., four nonrelated
competing alarms). The basic HEP for responding appropriately to
the low level annunciator is .003 (from Table 20-24 in
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NUREG/CR-1278), the second operator's HEP is .5, and the watch
supervisor's HEP is about .15. The joint HEP fgr all three people
failing to be cued by the alarm is thus 2 x 107%. The joint HEP
for total failure is then .0075 x .0002 = 107°, a number to which
we would assign epsilon.

In discussions with IPPSS personnel on July 27 and 28, 1982, it
was determined that there are annunciators for both the low level
and low-low level of the RWST level indicator. Therefore, the above
analysis can be taken as an approximation of the failure to initiate
switchover. This estimate does not include any other human error
contribution not identified by the IPPSS analysts.

2) Switch 7 turned to the "ON" position and no corrective
actions are taken.

This term is identified in the IPPSS as 0.136Qy;, and is
*Switch 7 is turned to the 'on' position [which stops all safety
injection pumps] and no corrective actions are taken." Once the
switchover initiation is begun, it is still possible for the control
room personnel to make a selection error in the "eight-switch
sequence” described beginning page 1.5-576. They have decided that
high-pressure recirculation is required, and they use a book of pro-
cedures, with one operator reading and the other performing the
switching actions. For a small LOCA, switch 6 should be operated,
but switch 7 skipped. If switch 7 is erroneocusly selected, all
safety injection (SI) pumps will be stopped.

There are several ways in which this error could be made. The
operator giving the oral instructions could misread or misspeak.
The second operator, given that the first operator is correct, could
misselect. There is not sufficient information to make an analyti-
cal estimate of the error probability, since it would depend quite a
bit on the control board design and the type of written instruc-
tions. This is clearly a static (nondynamic) procedure, and the
IPPSS correctly assigned a .003 basic HFEP, multiplying it by 2 ror
the moderately high stress level. They also reasonably state that
the error would be a function only of the two control board
operators~-the watch supervisor or shift technical advisor would not
be involved in this detail.

Given that the error was made, the IPPSS assigns a recovery
factor. They use the same .006 HEF and assign it to the watch
supervisor, and assume that the STA also has a chance of seeing the
error, based on high dependence. It is not possible to evaluate the
recovery factor because the report does not indicate what the recov-
ery cue is. It is stated at the bottom of page 1.5-577 that “Low
pressure in the SI pumps suction header is annunciated in the con-
trol room." If this means that the above error would result in an
annunciation, the recovery factor should be much better than that
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indicated in the IPPSS. If the recovery cue really should be
assessed a nominal HEP of .006, and if the STA if given no credit
(which sccms a reasonable assumption to this analyst) and that the
shift supervisor is assigned the usual moderate level of dependence,
the joint HEP is much higher than that given in the IPPSS.

Assuming that there is an annunciator as a recovery cue, it
would be reasonable tu give credit to three people. If it is
further assumed that there are four competino annunciators (i.e., a
total of five nonrelated ANNs alarming at about the sime time), the
joint HEP for the recovery factor is the same 2 x 107" calculated
earlier. Thus, ihf Eotal unrecovered failure probability would be
the same .006 x 12406 = 003 probability of failure of the two

2

operators multipliecd by 2 x 10", or epsilon.

If there is no annunciator, and if we assume that the watch
supervisor has a moderate level of dependence for this task, his
failure probability would be .15. With no recovery credit for the
STA, the total failure probability would be .003 (the joint HEP for
the two operators) multiplied by .15 (for the watch supervisor), or
4 x 10"‘.5 This is a siz2able increase from the IPPSS estimate of
6.6 x 1072,

In discussions with IPPSS personnel on July 27 and 28, 1982, it
was determined that the above annunciator would indeed furnish a
strong recovery factor as indicated in the sample analysis in this
sectior, Therefore, the above analysis assuming the annunciation
recovery factor can bhe taken as an approximation of the error and
failure to recover from inadvertent turning of switch 7. The IPPSS
analysts also determined that the c¢perators when noting the annun-
ciator would quickly turn back on the SI pumps, and that suction to
the pumps would be available. That is, there would be no danger of
burning up the pumps because of lack of suction.

3) PFailure to initiate switchover to low pressure recirculation
after a large LOCA.

On page 1.5-602, for the joint failure probability of the
control room personnel to initiate LPR within time, several assump-
tions are made. It is assumed that LPR is needed 20 minutes after
the large break and that the allowable time window is 20 minutes.
It is assumed that all four people would be involved (the two con-
trol board operators with high dependence and the watch supervisor
and shift technical advisor with moderate dependence). This assump-
tion seems reasonable. A very high level of stress is assessed,
which yields a .1 basic HEP based on the Large LOCA curve in the
dandbook. Then, because the crew have had extensive simulator
practice in coping with a large LOCA, this .1 is divided
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by 2, or a modilied basic HEP of .05. This was the same correction
factor applied in the ZPSS, and this analyst does not take issue
with this modification.

With She above assumptions, the IPPSS joint median HEP becomes
9.1 x 104, a value which is about the 30 minutes value for a

team, as determined by this analyst's new model for correct diagno-
sis of a transient.* Using this value as the median of lognormal
disSribution, and using an error factor (EF) of 20, an HER of 4.75 x
1077 is calculated. This analyst accepts the IPPSS estimate as
reasonable.

4) Por IP-2 (3), switch 6 (5), in addition to switch 7 (6), is
turned to the "ON" position and no corrective actions are taken
within the avaiiible time.

On page 1.5-603 (paragraph 2) assessment is made of the
unrecovered ogerator error of turning switch 6 to ON which closes
MOVs 746 and 747, and later turning on switch 7 which trips the SI
pumps. For this error, the .l basic HEP is used without modifica-
tion, a reasonable assessment. However, the document now allows a
level of low dependence fo:. th2 STA and assigns recovery to all four
people in the control room. For HPR, the recovery was restricted to
the watch supervisor and STA and both were assigned moderate depen-
dence. No reason is given for this change in assumptions. This
analyst believes these changes for LPR may well be optimistic.

Unlike the equivalent switching error for HPR, in the LPR
situation, there is no annunciator recovery factor (information
obtained from discussion with IPPSS personnel). Purthermore, in the
emergency procedures, there is no direction to the operators to
check the flow indicators for the low head injection paths after
completion of the 8-switch sequence. The only statement this
analyst could find occurs as a NOTE right after step 2.2 "Recircula-
tion Phase®" in the IP-2 procedures. Part of the lengthy note says
that "recirculation flow to the RCS must be maintained at all
times." It is very poor practice to place an important instruction
in a note.

This same note does not appear in the IP-3 emergency procedures,
but there is a possible recovery about 11 steps after the 8-switch
sequence is completed. This step tells the operator to check the
number of Recirculation Pumps operating and whether or not both RHR

*Swain, A. D., "Modeling of Resgonse to Nuclear Power Transients for

Probabilistic Risk Assessment,” Proceedings of the 8th Congress of
the International Ergonomics Asgociat on, Tokyo, August 333.
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heat exchanger flow paths are open (which include MOVs 746 and 747
which would have been closed if the switching error in question were
made). It appears to this analyst that at least there is a better
possibility for operator recovery of the error in the IP-3 proce-
dures than the IP-2 procedures. Lacking any real information, how-
ever, this analyst will assume that the situation is the same in
both plants. The IPPSS analysis for the switching error for the two
plants are identical.

Lacking any specific instructions in the procedure to check the
recirculation flow into the cold legs into the reactor vessel,
reliance must be placed on the knowledge and memory of the operators
to check flow. This is not an optimum method of operating under
emergency conditions.

Using the IPPSS assumptions, the 1oint median HEP is 10-4,
with a derived mean HER of 5.26 x 10™% (based on a lognormal dis-
tribution of HEPs and an EF = 20). This estimate would change
materially if the equivalent assumptions from the HPR analysis were
made:

1) Recovery credit for the SWS and STA only.
2) SWS and STA both moderate level of dependence.

The joint HEP of .055 would not change, but the recovery factor
would be much reduced. The failure of recovery becomes:

(1+6x.1) 2 . 052
—3

Thus, the joint unrecovered HEP would be .055 x .052 = ,0029, or
about a factor of 30 higher than the IPPSS estimate of 104,
Presumably, the mean HER would also be increased about a factor of
30, to about 1.5 x 107%,

This analyst is unable (with the information available) to
ascertain whether or not the assumotions made in the IPPSS for this
error are reasonable, A sensitivity analysis could determine if a
factor of 10 increase in their HER would have a material impact in
the system analysis.

2.5.5 Summary of the Review of the Human Reliability Analysis

This summary is very similar to this analyst's summary comments
on his review of the Zion Probabilistic Safety Study. As in that
review, the major problem in reviewing completely the HRA for the
Indian Point Probabilistic Safety Study is the lack of documenta-
tion. While this is also a problem for the PRA as a whole, it is a
much bigger problem for a review of an HRA. HRA deals with the most
difficult component of a system to understand and to quantify.
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Because of the lack of documentation in the IPPSS, this analyst
had to interview IPPSS analysts to complete his evaluation of the
only four error terms which are shown in the systems analysis to
have a material impact in the PRA. These are four terms which deal
with switchover to recirculation after a LOCA.

The close correspondence of the IPPSS HRA with the ZPSS HRA
apparently reflects a judgment by the human reliability analysts
that there is sufficient similarity in the behaviors for the tasks
analyzed in both PRAs so that such extrapolation is warranted. This
analyst does not have sufficient information to evaluate this
generalization.

While the IPPSS does not deliberately appear to be optimistic in
its assessment of human errors, assumptions made regarding the
credit to be given for more than one person in the performance of
several tasks did on occasion have that effect. Furthermore, the
development of only two stress models (for high-pressure recircula-
tion and for low-pressure recirculation) and the misapplication of
these models to completely different situations also had the net
result of probably underestimating the effects of human errors in
responding to some unusual events, especially in those cases where
there is more than one unusual event to contend with or when the
allowable time for the control room personnel to respond is so short
that it is unlikely that all four persons would be present.

The above optimism is countered, at least for some analyses, by

a deliberate decision not to take full credit for certain recovery
factors, and by the use of rather wide uncertainty bounds.
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2.6 Estimation Methodology
2.6.1 Introduction

In this section, we examine the Indian Point Probabilistic
Safety Study (IPPSS) estimates of initiating event rates and the
failure probabilities and unavailabilities of components and
systems. The estimation methodology is the same as that used in the
Zion PSS, so the general comments made in our letter report (dated
3/5/82) to the NRC on Zion apply here. For completenass, though,
many of the comments are repeated here. Our emphasis is on identi-
fying the strengths, weaknesses, and potential effects of the meth-
odology used. The comments thus apply to IPPSS and tc other studies
that may adopt the same methodology. Contributions of the methodol-
0ogy to specific accident sequence estimates are addressed in
Section 3.

Future events, such as human errors, the failure of reactor
components and systems, and the resulting consequences, cannot be
fcretold exactly. However, by careful modeling of the occurrence of
these events as the outcome of random processes, this unpredictabil-
ity can be gauged and assessed. Developing these models is an
essential activity in a probabilistic risk assessment (PRA).

The numbers that go into a probability model, e.g., failure
tates and probabilities, component availabilities, and human error
probabilities, are not known exactly. Indeed, since they are quan-
tities in a model, which is only an approximation to reality, the’
notion that they exist and are knowable, as, for example, is the
case for a physical constant, such as the speed of light, is some-
what ephemeral. Nevertheless, within the context of the spec fied
model, it is necessary to estimate these quantities. Obtainiug
estimates, substantiating them, and conveying the possible errors--
the uncertainty--present in these estimates pose considerable prob-
lems for a risk analysis. The authors of the IPPSS, (whom we shall
refer to as Indian Point) approached these problems using Bayesian
methodology. Under this approach, the study team represented, prob-
abilistically, their prior beliefs about the rates and probabilities
of interest, then modified these beliefs by historical data obtained
from Indian Point's experience (if available), and convoluted them
to yield a probability distribution representing their posterior
beliefs about the frequency and consequences of various accidents.

We undertake a limited sensitivity study which the IPPSS authors did
not do. If the IPPSS estimates are to be convincing, one needs to
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know the assumptions made and the extent to which the results depend
on them.

Bayesian methodology applied to risk assessment is also new.
Readers of the IPPSS might therefore be overwhelmed, enthralled, or
mystified by it, so we begin this review by making some general
comments about Bayesian methodology and the IPPSS rendition of it,.

2.6.2 Bayesian Methodology

Consider a component that either succeeds or fails on demand.
Assume that in a sequence of n demands the result on each demand--
success or failure--is independent of the results on the other
demands and assume that a constant, unknown failure probability, p,
underlies the sequence. That is, assume a coin-tossing model. Than

the probability of observing k failures in n demands is
. - n. K(yonyn=k
P(k; n, p) k)T P (1-p) ’

the binomial distribution. The problem is to estimate p, given
data of k failures in n demands. Conventional statistical
methodology yields point estimates and confidence intervals
based on this model.

The Bayesian, however, seeks to incorporate other
information about p. He (the generic he) expresses his state
of belief about p by a probability distribution, g(p). In
principle, this distribution is specified prior to observing
the data, to maintain independence, and so is called the prior
distribution (Indian Point calls it the generic distribution).
By Bayes' Theorem (which is a straightforward manipulation of
conditional probabilities) the data are used to modify the
prior distribution, the result being called the posterior dis-
tribution of p (Indian Point calls it the updated
distribution). To wit,

giplk,n) = _Pp(kin,p) g(p) .

S'ptkin,p) g(prap
o]

One then presents this distribution or selected moments and
percentiles to summarize his posterior degree of belief about p.



The appeal of this analysis is that people cognizant of the
component surely know more about p than just what is embodied
by the data, so let's incorporate that information. A diffi-
culty is in determining g(p). One has to translate his know-
ledge and beliefs to probability. He has to say, "What I know
about p is equivalent to knowing that it was generated at ran-
dom from g(p)." This translation is difficult and fraught with
peril. Whether one can justify such precision is open to ques-
tion. Also, one can guestion whether the updated quanitified
beliefs of some person or persons are of much value to those
who may not share those beliefs. In the follecwing sections, we
examine how Indian Point handled these difficulties. PFirst,
though, some comments about terminology.

In the preceding and subsequent discussions, we use the
term "probability," as a parameter in a model, e.g., the param-
eter p above, or a parameter calculated from a model, such as
the probability of no failures in 7 hours, given the constant
failure rate model which parameter A. One can think of a model
as a mathematical representation of what would happen in
infinite repetitions of some hypothetical experiment, but
that's not a requirement. We use the term "personal probabil-
ity," or "Indian Point's probability," to denote probabilities
calculated to reflect degree of belief. We also distinguish
between failure rates, which are dimensioned failures per unit
time, and failure probabilities, which are dimensionless.

Indian Point calls both of the latter "frequencies,” and
define these as the outcome of an experiment involving repeated
trials, either an actual experiment or a "thought experiment"
(p. 0.4-1). Thus, rates and probabilities are not distin-
guished (so we see a "probability” of 4.11 on p. 1.5-161), nor
are estimates of probabilities or rates, which result from a
finite number of repeated trials, distinguished from the param-
eter being estimated, which correspond to infinite repeti-
tions. Indian Point uses "probability" variously as quantified
degree of belief, confidence, or knowledge (which are not all
the same). In the following sections, we consider the estima-
tion of component failure rates and probabilities, initiating
event rates, and maintenance unavailability, and then combining
these estimates to estimate system failure probabilities.

2.6.3 Treatment of Component Failure Data

Indian Point's estimates of component failure rates and
probabilities were obtained from the following sources:

. Indian Point site-specific experience, as given by LERs
and other station records
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. Industry-wide LER summaries on valves, pumps, and
diesel generators published by EG&G.

. WASH~-1400

. IEEE-500 estimates of electrical component failure
rates and probabilities

The last three sources wer< used to develop prior distributions,
which were then modified by the Indian Point data, using Indian
Point's DPD (discrete probability distribution) arithmetic, to
arrive at the posteriors. The means and variances of these
distributions are reported in the IPPSS Tables 1.5.1~4 and
1.6.1-4.

Prom the authors' Bayesian orientation one would expect
their prior probability distributions, regardless of how they
are developed, to be described only as their prior degree of
belief about the unknown Indian Point parameters. But they
make the much stronger claim (p. 0.14.3) that these are "fre-
quency distributions," the "known results of experiments on
populations." They are said to represent the "variation of
performance of individual components within the population.”
This is a presumptuous claim and unnecessary from the Bayesian
viewpoint. It is unclear why Indian Point made it. They con-
tradicted this claim when they subsequently assumed that indi-
vidual components of a given type, e.g., all motor-operated
valves at Indian Point 2, all have the same constant failure
rate, rather than individually different rates.

Most of Indian Point's prior distributions are based in
part on WASH-1400. It is not at all clear from WASH-1400 how
the lognormal distributions given there are to be interpreted,
but there is no basis to regard them as the results of
(infinite) "experiments on populations." In fact, the nuclear
plant data in WASH-1400 amount to one year's worth (1972) of -
(what are now called) LERs. For Indian Point to regard the
distributions supplied by WASH-1400, even after they are
stretched out so that the 5th and 95th percentiles become the
20th and 80th, as known frequency distributions, and to call
them "generic® is unwarranted.

One consequence of assuming that Indian Point's prior
distributions are the frequency distributions of plant-to-plant
variability is that in order to proceed with the derivation of
the posterior distribution you must next assume that the Indian
Point units are random samples from the population of plants.
This, too, seems difficult to support.
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Wwhat seems most plausible is to regard Indian Plant's prior
distributions as their representation of their prior personal
belief, or knowledce, of the failure rates and demand probabil-
ities for classes of components at Indian Plant. These priors,
rather than being obtained by careful introspection and elici~-
tation of the knowledge possessed by the study team or the
Indian Point personnel, as one would expect Bayesians to do,
were obtained by applying ad hoc prescriptions to the numerical
results published in the above sources. As we shall see, the
effect of this approach is quite uneven. Also, as we shall see
in our Sections 2.6.6 and 3, there are important, unannounced
exceptions to Indian Point's trealment of WASH-1400's 5th and
95th percentiles as 20th and 80th.

Regardless of whether one accepts, rejects, or ignores the
claims made by Indian Point for their prior distributions, the
important guestion remains as to what effect these distributions
had on their estimates. Just looking at the data tables doesn't
tell you. In fact, the lognormal distributions identified as
*generic® priors are not even used in Indian Point's calcula-
tions. The actual prior distributions used are discretized
versions of these distributions. Just how the discretization
is done is not described. Nor are the discrete priors ever
provided in the report (which means it is impossible to verify
any of the posterior distributions). This might be a minor
point except that in some of the systems analyses it was found
tha§ discretizing a distribution could considerably reduce its
variance.

In order to identify the contributions of Indian Point's
priors to their.results, we pretend the "updated results® are
based on a statistical (as opposed to Bayesian) analysis. 1In a
statistical analysis, given data consisting of f failures in T
hours and assuming a constant failure rate, one would estimate
that failure rate by A* = £f/T, where the asterisk denotes an
estimate. Under the assumption that T is fixed and_known, the
variance of A* would be estimated by var*(A*) = £/T2, Indian
Point provides a posterior mean (their point_estimate) and
variance. If we equate these to f/T and £/72, respectively,
and solve for f and T, then we obtain pseudo-data effectively
corresponding to the information assumed by Indian point in
estimating a failure rate. Alternatively, one can do a Baye~-
sian analysis beginning with some uninformative or "flat® prior
distribution, then modify it by f and T to obtain a posterior
distribution which would have (at_least approximately) a mean
and variance equal to f£/T and £/72. Also, this correspondence
between £/T and the posterior mean is consistent with Indian
Point's practice of equating the value of f/T in the EG&G
reports to their prior mean, so we are not doing anything funny
by this transformation. If Indian Point had followed
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conventional Bayesian practice by choosing a "natural
conjugate® prior distribution, in this case a gamma distribu-
tion, then the parameters of the posterior distribution, which,
fortunately, is also a gamma distribution, are directly inter-
pretable as effective data--number of failures and number of
hours. Indian Point used discretized lognormal distributions
for their prior distributions, so we can't make this correspon-
dence exactly. But, and this is one saving feature of a Baye-
sian analysis, with enough data the prior distribution doesn't
matter too much, so approximating a discretized lognormal dis~-
tribution by a gamma distribution should be reasonably adequate.

Thus, the failure rate posterior means and variances in the
IPPSS Tables 1.5.1-4 and 1.6.1-4 can be converted to effective
data, say fpogry failures in Tpggr hours. The Indian Point~-
specific £ and T are given, so we can subtract them from the
posterior effective £ and T to determine the effective £f and T
associated with the prior distribution:

fprior = fpost - f1pP
Tprior ® Tpost = Tip

Por example, consider the first entry in IPPSS Table
1.5.1-4. The posterior mean and_variance, labeled *Updated, "
are 7.40(-8)/hr and 5.89(-15)/hr?. Equating these to £/T and
£/72 yields

o 1:40(-8) _
ToosT * 5.89(=15) 1.26(7) hrs.
foosT * 7.40(-8) x 1.26(7) = .9

That is, Indian Point's posterior mean and variance correspond
to what one would estimate given only the data of .9 failures
in 12.6 million hours (mhrs). The Indian Point experience con-
sists of zero failures in 6.0 mhrs. Thus, the difference,
which is Indian Point's rendering of the non-Indian Point
information, amounts to .9 failure in 6.6 mhrs. (We note in
passing that expressing prior information as being equivalent
to .9 failures in 6.6 mhrs. is more scrutable than being told
it is equivalent to a lognormal distribution with a 20th
percentile of 2.8(=8)/hr. and an 80th percentile of 2.8(-7)/hr.)
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Prom the Indian Point data alone, the upper 95 percent
statistical confidence limit on the underlying failure rate
would be 5.0(=7)/hr. Prom the effective posterior data, the
upper 95 percent statistical confidence limit is 3.8(-7)/hr.,
80 in this case, and from this view, the prior does not have a
marked effect.

Por demand probabilities, given data of £ failures in n
demands, one would obtain the estimate, p* = £f/n, and the esti-
mated variance, var*(p*) = p*(l-p*)/n. These can be equated to
Indian Point's posterior mean and variance to solve for an
effective £f and n. Por small p*, these solutions correspond to
those for A* with n replacing T.

Table 2.6~1 gives the effective prior data for all the
entries in the IPPSS Tables 1.5.1-4 and 1.6.1-4. The contribu~
tions of the priors to the final results vary considerably. 1In
many cases, the prior denominator, n or T, is roughly the same
size as that for the Indian Point data, e.9., Indian Point=2
components 1, 5, 8, so the effect is roughly to decrease the
variance by a factor of two. The precise effect depends on the
numerator. In several cases, the prior leads to a smaller and
more precise estimate than would be obtained from the Indian
Point data alone by effectively subtracting from the numerator
while adding to the denominator (components 4, 11, and 20 for
IP-2; components 11, 14, 21, and 29 for IP-3). In other cases
(including components 2, 7, 10, 16, 18, 19, 22, and and 34 at
both units) the prior denominator is roughly ten or more times
that for the plant-specific data alone, ro considerable addi-
tional precision is imparted. One case that stands out is com-
ponent 35, IP-3, where the prior effectively amounts to 712.7
failures in 52.9 x 10° hrs. This is probably due to a typo
in the positive variance. There are three cases (component 17
at both units, component 13 at IP-3) where the prior leads to
less precision than the Indian Point data alone would by sub-
tracting from both numerator and denominator. Whether or not
the contributions of the prior distributions are fair and just,
depends on the actual information contained in the source docu-
ments. Whether this question is worth worrying about in the
IPPSS depends on where the various component events occur in
the system models. We address this question in Section 3.

It should be noted that the preceding analysis, and Indian
Point's, is predicated on the Indian Point data given in the
report. We have no way of validating the data, of determining
the accuracy of the reported numerators and denominators. Sec-
tions 1.5.1 and 1.6.1 of the Indian Point study indicate a good
deal of care in collecting component data.
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The IPPSS analysis is also based on the assumption of
constant (across tire and similar components) failure rates and
probabilities. This is standard in risk assessments, but the
reader should be aware that it may be the source of substantial
errors that are not quantifiable except by Bayesian extremists
(and Indian Point doesn't go that far). Aging effects may be
present and failures may cluster due to imperfect repair.
Modeling such effects can be difficult and is often impossible
to do with meaningful precision because of limited data. The
result of the Indian Point study is not "the risk" from the
Indian Point plant, but is an estimate of the Indian Point
risk--an estimate built from a variety of simplifying
assumptions and models.

2.6.4 Estimation of Initiating Event Rates

The initiating event frequency data for all PWRs are given
in IPPSS Table 1.5.1-32 (p. 1.5-148). The basic source of
their data is EPRI NP-801, modified by the data obtained from
detailed examinations of the Indian Point and Zion plant
records. In examining their data, we noted some differences
for Indian Point in this report and the data given in the Zion
study. PFor example, the ZPSS shows 39 and 8 turbine trips at
IP2 and 3, respectively; the IPPSS shows 32 and 4. The
detailed examination of Indian Point records followed the Zion
study and yielded different results from EPRI NP-801. The
effect, though, should be small since the Indian Point esti-
mates, particularly for those events that have frequently
occurred, are dominated by Indian Point data. Nevertheless, a
detailed study of initiating event occurrences industry-wide
would be of some interest. Also, we noted that in some cases,
the IPPSS listings of initiating events do not match the num-
bers in the summary tables. For example, at IP-3, three tur-
bine trip/loss of offsite power events are listed; only one was
counted ir. their calculations.

The method used (but not described) by Indian Point to
estimate initiating event rates is to suppose that each PWR has
its own constant occurrence rate and the rates vary randomly
among PWRs according to a lognormal distribution. They assume
a prior distributior over a grid of (u,0) values-~-the parameters
that identify a lognormal distribution-~then update it by the
ensemble of PWR data to obtain their posterior distribution of
occurrence rates. This distribution, after discretization,
serves as their prior distribution which is then “"updated® by
the Indian Point data (units 2 and 3 being analyzed separately).

These "generic® priors are different in the IPPSS from what
they were in the 2PSS, and not just for reasons given in the
preceding paragraph. In principle, they should be the same
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because the data and state of knowledge are the same. But
consider the large LOCA initiating event. In the ZPSS, the
occurrence rate had a prior mean of 1.0(-3) and a variance of
6.4(-6); in IPPSS they are 2.6(-3) and 1.8(~4). These same
results pertain to all initiating events that have not yet
occurred. One wonders what was learned about these events
between the two studies to warrant this injection of pessi-
mism. It turns out (from conversations with the authors) that
the answer is nothing. The difference is just due to different
choices of a (w,0) grid, guided by two analysts' concepts of
what looked right at the end of the analysis. The effect is
not trivial. Indian Point is estimated to have large LOCAs
(roughly) twice as frequently as Zion.

As in the previous section, we can gauge the impact of the
chosen prior distributions, after discretization by calculating
the effective posterior data from Indian Point's posterior
means and variances. The IPPSS also gives percentiles from
their posterior distributions. An alternative way to express
their results as effective data is to let f be the observed
number of occurrences of a particular initiating event at
Indian Point, then find the value of T (in years) such that the
upper 95 percent statistical confidence limit on the occurrence
rate 1s equal to Indian Point's posterior 95th percentile. For
example, for large LOCA (and the other nonoccurring events),

f = 0 and the 95th posterior percentile, Ag5, i8
6.30 x 103, The effective T is given by

’

2
r e X(2£42,.95)
95

where x4(m,v) is the 100 th percentile on the chi-squared
distribution with m degrees of freedom. For large LOCA,

T . 5099
2 x 6.3 x 10

3 = 475 yrs.

The Indian Point 2 experience is zero occurrences in 5 years,
80 th. »orior effectively adds on 470 LOCA-free years. Note
that the total PWR experience used in the IPPSS data base is
131 years, so the assumed prior “"state-of-knowledge® is
effectively 339 LOCA-free years. (For Zion, the 95th posterior
percentiie corresponced to 0/844 years.)
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The posterior mean and variance for large LOCA yield
effective data of .04/21. Note though that data of 0/21 would
yield an upper 95 percent statistical confidence limit of .14
occurrences per year, which is considerably more pessimistic
than Indian Point's 95th percentile. The calculation in the
previous paragraph better conveys the information assumed in
Indian Point's analysis. The calculation of effective data
from the posterior mean and variance, when it yields small
fractional occurrences, may not accurately reflect the
information injected by the prior distribution.

Table 2.6-2 gives the effective posterior initiatirg event
data calculated from Indian Point's posterior 95th percentile
and their posterior means and variances. Note that in all
cases Indian Point's 95th percentile is more optimistic than
the data alone would yield: the effective T exceeds the
observed T, considerably for nonoccurring events, negligibly
for those that have occurred often at Indian Point.

An assumption underlying Indian Point's analysis here, as
in their analysis of component failure data, is that of a con-
stant occurrence rate across time. No analysis is given to
support this assumption, though the referenced source of tran-
sient data (EPRI NP-801) should permit such an analysis. There
may be aging trends that need to be considered for transients
Such as steam generator tube rupture.

4.6.5 The Treatment of Maintenance Data

Indian Point models the unavailability of a component due
Lu maintenance as the rate at which maintenance actions occur
(actions per component hour, excluding cold shutdown hours)
times the mean duration of a maintenance. Prior distributions
for both are developed, modified by the Indian Point data to
yield posterior distributions, then the distribution of the
product is obtained.

Table 2.6-3 provides a comparison of unavailability
estimates (including estimated maintenance frequency and aver-
age duration and average duration) using the Indian Point pos~-
terior means and using just the reported maintenance data.
Only for the turbine-driven APWS pumps do the posterior esti-
mates appear optimistic, relative to the raw data, and then by
a factor of two to three, The largest difference in the other
direction is for Indian Point 2, component cooling water pump
21, but only one maintenance action has occurred. Those
unavailabilities that are important in selected accident
sequences will be examined further in later sections.
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Table 2.6-2

Indian Point Observed and Effective Posterior Initiating

Event Data; Table Entries Are

(No. of Occurrences)/(No. of ¥rs.)

Effective Posterior

Indian Point 2
Initiating
Event Plant From 95th
Category Data —Ct.
1. Large LOCA 0/5 0/475
- Medium LOCA 0/5 0/475
3. Small LOCA 0/5 0/57
4. 8/G Tube Rupture 0/5 0/32
5. Steam Break Inside
Cont. 0/5 0/475
6. Steam Break ODutside
Cont. 0/5 0/475
M Loss of Feedwater Flow 135/5 35/5.6
8. Closure of One MSIV 7/5 7/6.6
9. Loss of Primary Plow 0/5 0/9
10. Core Power Increase 0/5 0/44
lla. Turbine Trip 39/5 39/5.6
i1lb. T. T., Loss of
Offsite Power 1/6 1/10.4
lle. T. T., Loss of
Serv. Water 0/5 0/475
l2a. Reactor Trip 36/5 36/5.6
12b. Reactor Trip, Loss of
Cooling Water 0/5 0/475
Indian Point 3
) Large LOCA 0/3 0/450
2. Medium LOCA 0/3 0/450
3. Small LOCA 0/3 0/55
4. §/G Tube Rupture 0/3 0/30
S Steam Break Inside
Cont. 0/3 0/450
6. Steam Break Outside
Cont. 0/3 0/450
7. Loss of Peedwater Flow 12/3 12/3.5
8. Closure of One MSIV 0/3 0/10
9. Loss of Primary Flow 0/3 0/7
10. Core Power Increase 0/3 0/37
lla. Turbine Trip 8/3 8/3.5
11b. T. T., Loss of
Offsite Power 1/3 1/8.2
lle. T. T., Loss of
Serv. Water 0/3 0/450
l12a. Reactor Trip 8/3 8/3.5
12b. Reactor Trip, Loss
of Cooling Water 0/3 0/450
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From Mean, Var,

.04/21
.04/21
.5/28
.3/12

.04/21

.04/21
39/5.8

6.7/5.4

1.5/11
.4/16
38/5.2

1.8/8.7

.04/21
38/5.5

.04/21

.04/18

.04/18
.4/18
.3/8.0

.04/18

.04/18
12.4/3.3
05/502
1.4/8,2

«3/11
9.6/3.5

1.5/5.8

.04/18
11/3.8

.04/18




Table 2.6-3

Comparison of Unavailability (Due to Maintenance)
Estimated Means

—SNPODENES

Turuine=Driven AFWs
rumps

Motor-Driven AFWS Pumps
vomp. voul. Pump 21

comp. Cool. Pumps
“p 43

Cont., Spray Pumps
RuR Pumps

safety In)., Pumps
ser/, water Pumps
Fan Coolers
Diesel Gens.

Aux. Comp. Cool. Pumps

sutuine-Driven AFWS
Punps

Motor=Driven AFwS Pumps
vomp, Cool. Pumps

Cont. Spray Pumps

Kk Pumps

Safety In). Pumps

serv, Water Pumps
Diesel Gens.

Aux, vomp, Cool. Pumps

Fan Coulers

Freqg.
Events/

serv. Wr. (hrs) Unavail  Serv. HE. ihcs)

‘-"-‘)
8.6(=5)
lc,(-‘)

1.4(-4)
8.3(=5)
8.3(=5)
9.6(=5)
3.3(=4)
8.7(=5)
v.1(=4)
5.8(~5)

1.6(=4)
1.7(=4)
8,4(-5)
7.1(=5)
6.3(~5)
$.5(-5)
J.2(=4)
2.9(=4)
4.4(~5)
5.1(=5)

Indian Point 2

Posterior

24 4.6(-3)
26 2.3(=3)
11 1.4(-3)
306 4.2(=2)
10 8.1(-4)
12 9.7(=4)
12 1.2(=3)
213 7.0(=2)
16 1.4(=3)
33 3,00=2)
10 5.9(=4)
Indian Point 3
5 4.2(=3)
23 4.0(=3)
220 1.8(=2)
10 7.3(=4)
12 7.6(=4)
15 8.1(~4)
46 1.9=2)
»n 1.1(=2)
44 1.9(=3)
1l 5.5(~4)

20‘.1‘

".qo
Events/

3.4(-4)
5.6(=5)
5.6(=5)

8.47-5)
8.4(=5)
8.4(=5)
1.11-4)
3.5(=4)
5.6(=5)
9.9(~-4)

Plant Data

40
46
1

406
S
12
17
254
3l
29

Unavail

1.4(-2)
2.6(~3)
$.6(=5)

3.4(=2)
4.2(-4)
1.0(=3)
1.9(=3)
6.8(-2)
1.7(=3)
2.9(=2)

lNo Maintenance Eventec

2.5(=4)
2.0(=4)
3.3(=%5)
5.0(=%)
2.5(-5)
1.7(=8)
3.3(=4)
3.2(=4)

16
30
147
10
16
66
60
20

8.9(-3)
6.1(=3)
4.9(=3)
5.0(=4)
4.0(-4)
1.1(=3)
2.0(=2)
8.9(-3)

No Maintenance Events

1o Maintenance Events

at

~noo

37

53

S .

40
19



2.6.6 Data-Free Estimates

As discussed in 2.6.3 above, to obtain prior distributions
Indian Point either equated WASH-1400 5th and 95th percentiles
to their 20th and 80th, or they took the ratio of WASH-1400's
5/95 percentiles as their 20/80 ratio. This can result in
quite skewed and elongated distributions for which the mean and
variance do not provide a very good description. Fortunately,
the amount of data available from Indian Point and the DPD
arithmetic can effectively chop off these long tails in the
most extreme cases. There are, however, numerous probabilities
and rates for which no data are available. Most of these per-
tain to human errors, but some pertain to hardware failures.
With respect to the latter, we have encountered some instances
in which Indian Point accepted WASH-1400 bounds as their own
Sth and 95th percentiles, rather than stretch them out to 20th
and 80th percentiles as they did in those cases in which data
were available. These are:

. Rupture of a motor-operated valve. As discussed in
Section 3.2.15, rupture of two MOVs leads to an inter~-
facing systems LOCA and one of the more serious
releases. If Indian Point had stretched out the
WASH~-1400 bounds, the estimated probability of this
event would increase by five orders of magnitude.

. Pressure vessel rupture. By citing WASH-1400 bounds on
the occurrence rate of this event, Indian Point dis-
missed it as a potential LOCA., If they had stretched
these bounds, the contribution would not have been
negligible.

. Pipe rupture. For pipes exceeding 3" diameter, the
WASH-1400 bounds are 3(-12) and 3(-9) pipe failures per
hr. Equating these to lognormal 5th and 95th percen~-
tiles yields a mean of 8.6(~10)/hr. Equating these to
the 20th and 80th percentiles yields a mean of 4.5(-7),
an increase by a factor of 500. Thus, for example, in
the IP-2 service water system the IPPSS identifies 30
piping sections and thus estimates the failure proba-
bility as 2.58(~8) over a l-hour period. If they had
used 20th and 80th percentile assumptions, this
probability would have been estimated as 1.4(-5).

The point of this discussion is not to claim one estimate is
right, the other wrong, or is it to insist that Indian Point
should have been consistent in their treatment of WASH-1400
bounds. As Bayesians they can specify any prior distributions
they feel represents their state of knowledge. One wishes,
though, the reader would be told why in some cases WASH~1400
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bounds are OK and why in others they should be stretched out.
The main point of these examples is that the results can be
guite sensitive to what would seem to be minor differences in
assumptions. This point is more than academic because of the
dominant role of the interfacing systems LOCA in estimating
risk.

As noted above, the DPD can chop off the tails of highly
skewed lognormal (or other) distributions. Unfortunately,
nothing is said in the IPPSS about the rationale for any par-
ticular discretization-~how many and which discrete values we.e
chosen. The effect can be nonnegligible. For example, the low
pressure recirculation system (IPPSS p. 1.5-606 for IP-2) model
contains a first order term, 1.111Q4r, where Qur is a human
error term. This term is added to various other terms (treated
as independent random variables) to yield the system failure
probability, denoted by QLow HEAD+ The stated variance of
WHI is 6.0(~4), Thus the variance of Qrow HEAD Should
exceed (1.111)2 x 6.0(-4) = 7.4(=4). The DPD convolution for
WLOW HEADs however, yields a variance of 1.4(-4). 1In effect,
here DPD is like having five times as much “data."

2.6.7 System uantification

Define a system as a specified arrangement of components.
By a fault tree, or a reliability block diagram, a mathematical
model can be developed which expresses the system failure prob-
ability as a function of the component failure probabilities
and rates. Given posterior probability distributions for these
component parameters, and prior distributions where no data are
available, the resulting posterior distribution of the system
failure probability can then be derived or approximated. The
approximation method used by Indian Point is their DPD
arithmetic.

In Section 3, we consider the results of this analysis for
some specific systems. As in the cases of component and ini-
tiating event estimates, it is possible to express Indian
Point's analysis in terms of effective data and a conventional
statistical analysis and thus assess the impact of their prior
distributions and analysis methodology on their system
results, Here we consider a general point.

In Section 0,16, the IPPSS authors make the excellent point
(couched in Bayesian terms) that if a system contains two or
more components whose failure probabilities are estimated by
the same data, then this fact must be accounted for in estimat-
iny the system failure probability. Thus, for example, for two
identical components in series for which the posterior mean and
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variance are a and B4, respectively, the system failure
probability has a posterior mean and variance of 2a and 482,
If the two estimates were incorrectly assumed to be indepen-
dent, the derived variance would be 282, which is too small.
For two parallel components, the tailste probability is p+<,
say, which has a mean value of a2 + B2, This is correct,
but as a point estimate of p<4, this mean value can be very
conservative,

Suppose one begins with a noninformative prior and modifies
it with data, x/n, so that the posterior distribution has a
mean of p* = x/n and variance = p*(l-p)/n. Then, the posterior
mean which is the Indian Point estimate of p< is:

.2 . 32 = p.z + p.(l-p.)/n

The expected value of this estimate (with respect to the
sampling distribution of p*) is (approximately):

E(a? + B2) = p2 + 2p(l-p)/n

This result shows that, unless (l-p)/n is much less than p, the
Indian Point posterior mean value, regarded as an estimator of
P4, could be seriously biased (but in a conservative direc~-
tion). This problem affects Indian Point's estimate of the
probability of an interfacing system LOCA, which is one of
their dominating contributors to risk.

From a Bayesian viewpoint, one could argue that both P and
p¢ should not be estimated by their posterior means. In
full-blown Bayesian analyses, a point estimate is selected on
the basis of a loss function. If squared error loss is chosen
(which means the penalty for estimating p by p* is (p-p*)?),
the posterior mean is the resulting estimator. However,
Squared error for p is not equivalent to squared error for
P, 80 a Bayesian indiscretion occurs. Straightening this
out is beyond the scope of this review., Section 0,16 of the
IPPSS5 creates the impression that if one has selected a point
estimate, say p*, of p, with or without encumbering that
estimate with lognormal connotations, then p*< is
unacceptable as a point estimate of pz. ilot 8o, by either
Bayesian or statistical arguments.
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2.6.8 Completeness

Another concern in risk estimation is completeness. What
about accident sequences not covered in the report? 1In
Section 0.19 of the Indian Point report, the authors discuss
completeness. They argue that all possible initiating events
are included in their list, that all possible resulting plant
damage states have been identified, that the requisite system
failures that lead to a damage state, given an initiating event
are known, and that the combinations of component failures that
fail a system are known. Thus, there is no set of damage-
causing circumstances omitted from the study. (Note: This
assumes that the fault and event trees are correct,) The only
thing conceivably incomplete is the set of causes by which
multiple component failures might occur. But, because the
authors of Indian Point can put a number on this, everything is
covered.

As an example, consider a system consisting of two
identical trains. It can fail if (a) there are two independent
train failures, (b) one train is out of service for maintenance
and the other fails, or (¢) one train has been disabled due to
a human error and the other fails. Additionally, there may be
(d) a human error or errors that disable one or both trains and
Lhere may be (e) support system failures that disable one or
poth trains. Indian Point considers all of these by condition-
ing on the state of a support system, generally electric power
for which eight states are defined, then estimating the condi-
tional probability of (a) through (d). Even so, it is recog-
nized that there may be "other" causes of joint failure of the
two trains. For example, there may be human or physical links
not explicitly recognized. Indian Point estimates system
tailure probabilities for these situations in a variety of ways:

l. Inclusion of a g-factor (B8).
4. Linkage to another estimate (L).
3. Judgment leading to a conclusion of negligible (N).

Table 2.6~4 shows the treatment of “"other® failures in the
IPPSS.

The B-factor is in effect a factor to account for possible
dependence between failure events, In the above example, if g
denotes the failure probability of one train, then inclusion of
a p-factor leads to system failure probability of g4 + #q,
ignoring other terms in the system failure model. If we write
this as q(q + 8), then q + 6 corresponds to the conditional
failure probability of the second train given failure of the
first. In principle, 8 can be estimated from
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IPPSS Treatment of "Other" Pailures
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data, but it is not in the IPPSS. Indian Point specifies their
personal probability distribution for 8 as a lognormal distri-
bution with a mean of .0l14 and a variance of 6.1(-4), which
corresponds to Sth and 95th percentiles of .00l and .05. This
*state-of-knowledge® is the same everywhere it is used.

The basis for Indian Point's assumed personal probability
distribution for the B-factor is vague. A typical statement is

the following:

*Most of the observed coupled failures in the industry
involved motor- or air-operated valves that had to
change position on demand. The frequent partial tests
and full refueling system tests indicate that an
unforeseenu common cause failure is of low “requency.
This state of knowledge is expressed by tasigq a g-
factor with range of 1.0 x 107 to 5.0 x 107

which yields a mean and variance of:

ag = 1.4 x 1072

uﬁ . 6.1 x 10°% (p.1.5-483).

It would have been more straightforward for the authors to say,
*We will model explicitly those dependencies we are aware of
and deem important, such as by conditioning on electric power,
and omit any others, because we feel they have negligible
probability."

The one case in which the IP-2 and IP-3 analyses differed
(low pressure injection system) is probably an oversight.
pxactly the same words were used to discuss “other® failures.
In only one case, though, were they followed by a g-factor
calculation.

For the electric power systems, it was argued that “other"®
failures must be less likely than any specific failures, so the
probability distribution assumed for the probability of "other"®
failures had its 95th percentile set equal to the smallest mean
from an identified cause, Fcr the other two systems where
linkage was used, it was assumed that common calibration errors
had the same probability as hardware failures. All of these
*other® failures estimated by linkage had a negligible effect,.
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2.7 External Events
2.7.1 Seismic

In this section, the seismic external event is reviewed.
The material in Sections 2.7.1.2 to 2.7.1.7 is based on a draft
report prepared by Jack R. Benjamin and Associates, Inc. (JBA).
Their report is contained in the Appendix B of this letter
report. Appended to the JBA report are reports by Professors
Ronald L. Street and Erik H. Vanmarcke which discuss the seis-
mological aspects and the seismic hazard analysis. In addi-
tion, References (1-4) are referred to in the discussion of
Section 2.7.1, and the comments given in References (5-7) were
considered in the review,

The comments given in Sections 2.7.1.1 through 2.7.1.7
represent the most significant issues in the review and sum-
marize the final conciusions. More detailed discussions of the
issues can be found in the JBA draft report.
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2.7.1.1 Seismic Logic Model

The seismic logic model is reviewed in Section 2.7.8.

2.7.1.2 Seismic Hazard

The methodology used in the IPPSS is appropriate and
adequate to perform a seismic risk analysis. The procedure is
well established and accepted. An important element of the
seismicity studies conducted for the Indian Point site is the
explicit treatment of the sources of variability in the
analysis. The uncertainty in the analysis can be attributed to
the limited data available on eastern U.S. seismicity and
ground motion. This uncertainty is reflected in the final
family of seismicity curves.

The two seismicity studies performed for the IPPSS by Dames
and Moore (D&M) and Woodward Clyde Consultants (WCC) clearly
identify the fact that variability due to modeling assumptions,
or uncertainty as defined in the seismic fragility analysis,
can contribute significantly to the variability in the fre~
quency of exceedance curves. In addition, the statistical
variability due to limited data and the inherent randomness of
the process, which is combined with the modeling uncertainty,
is also a significant contributor to the variablility in the
final family of seismicity curves.

In generating the family of seismicity curves, the results
of the D&M study have been modified in two ways. Pirst,
sustained-base peak acceleration values have been shifted by a
factor of 1.23 to provide sustained acceleration; and second,
the hazard curves have been truncated to reflect the belief

that there is a maximum ground shaking intensity which can
occur.

We believe that even if the curves had not been shifted
there would be only a small change to the frequency of core
melt analysis for Unit 2 and a moderate change for Unit 3. 1In
general, we believe that a shifting factor F equal to 1,25
(which is essentially the same as the value of 1.23 used in the
D&M report) is on the conservative side for structures. Por
equipment located in structures, which have a capacity below

the capacity of the equipment, this value of P is probably also
conservative,

Equipment, which does not have inelastic energy-absorption
capacity or which depends on function capacity, respond more
closely to the peak ground acceleration capacity. One example
of this type of equipment is the service water pumps which
depend on binding of the pump shaft for capacity and which ar»
locaced at the ground level. However, the capacity of this
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component is relatively high and eliminating the 1.25
acceleration factor would not significantly change the results
of the analysis.

We have adopted the following scale to quantify our
comments in reviewing the IPPSS report:

Ef fect on Mean Frequency

Comment [°) s ces o Melt
Small Pactor = 2

Moderate 2 < Pactor = 10
Large Factor > 10

We agree that the upper-bound acceleration values applied
to the D&M seismicity curves are reasonable. The WCC seismic-
ity results were not modified in the main report as truncations
were applied in the original study which is documented in the
WCC section.

We believe that the truncation of the hazard curves should
more appropriately have been performed within the probabilistic
analysis. However, as verified by calculation, truncating out-
side the hazard analysis is conservative in that the annual
exceedance frequencies for accelerations below a truncation
level will be higher than had the truncation been performed in
the probabilistic analysis.

In both seismicity studies, a Ramapo fault zone was not
explicitly considered. However, in recent years considerable
scientific study of the geology, historic and recent seismic-
ity, have lead to a belief that a Ramapo fault zone is an
alternative hypothesis that should be considered in the hazard
analysis (Ref. 1, 2, 3, and 4). Since, the geometry of the
fault zone, seismicity parameters, and a maximum event size are
difficult to determine we feel that a family of seismicity
curves for a Ramapo fault should be considered. The absence of
the Ramapo zone from the final family of seismicity curves is,
in our judgment, an inadequacy in the analysis.

We agree that the overall seismic hazard methodology
utilized by D&M and WCC is appropriate and adequate to deter~-
mine frequency of exceedance curves on levels of ground shak-
ing. Although the general probabilistic methodology is the
same in both studies, there are differences in how the ground
motion models were applied, the selection of key parameters,
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and the definition of seismic source zones. In our judgment,
the WCC study does not accurately represent the uncertainty in
the earthquake process. Because of the low upper-bound inten-
sity values used (i.e., VII and VIII) in the WCC study; we
believe that the seismic hazard is better represented by the
D&M study.

2.7.1.3 Seismic Fragility

The methodology used in the IPPSS report for determining
seismic fragility effects is appropriate and adeguate to obtain
a rational measure of the probability distribution of the
frequency of core melt and associated release categories.

Structural failure is defined as ". . . The onset of
significant structural damage, not necessarily corresponding to
structure collapse.” This definition may be conservative in
some cases and will tend to produce higher frequency of failure
estimates compared to a definition based on collapse where
functional failure is not an issue. It would be more appro-
priate to use a median definition and add uncertainty for the
definition. We agree that it is appropriate to define failure
as either rupture/collapse or loss of function, whichever
occurs first,

We agree with separating variability of seismic response
and structural capacity into randomness and uncertainity
components.

Use of the lognormal distribution is appropriate as long as
the extreme tails of the density function do not significantly
influence the results of the analysis. It was found in per-
forming the integration of the hazard and fragility curves that
most of the contribution (i.e., greater than 90 percent) to the
release category 2RW for Indian Point 2 was within three stan-
dard deviations from the median value for the control building/
superheater building impact fragility distribution which con-
trolled the system fragility curve for 2RW. In contrast, the
contribution to release category 2RW for Indian Point 3 was
generally beyond three standard deviations from the effective
median value of the structure components which contribute to
the mean frequency value of 2RW (i.e., the control building and
diesel generator fuel oil tanks at approximately 0.8g). We
believe that the rerults for Indian Point 3 using the lognormal
distribution are conservative since the lower tail of the log-
normal density function tends to be higher than other reason-
able distributions which could have been used. However, as
stated in Chapter 2, neglecting possible design and construc-
tion errors may overcompensate the possible conservatism in
using the lognormal distribution.
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After reviewing the procedures used to produce the
fragility data, we have a ceneral impression which bears on the
issue of consistency. We feel that the uncertainty of the
parameters in the IPPSS report has probably been understated.
There are various levels of sophistication which have been used
to develop the fragility parameter values, but we do not sense
that enough uncertainty has been assigned to components where
parameter values are based on more distant information.
Although in fairness to the IPPSS report, the values for Bu are
generally larger for generic components as compared to plant
specific components. On the other hard, we also believe that
the median capacity values are probably low.

Several obvious elements of uncertainty have been left out
of the seismic fragility analysis. First, design and construc-
tion errors (e.g., the problem of piping supports at Diablo
Canyon) and aging effects are not included in the seismic fra-
gility or fault tree analysis. These become extremely impor-
tant issues for series systems such as piping and cables (i.e.,
cable trays). One failure and the system may be lost. We
noted for several sections which we reviewed that the authors
did not check the calculations which formed the basis for the
fragility parameters that were developed. Thus, errors in the
calculations could not be discovered.

One approach used to develop fragility curves was based on
analysis of generic data. Rather :-han working with the analy-
sis ¢f a plant specific component, failure and/or response data
from similar components in similar environments are used as the
basis to develop a fragility curve for the particular plant
componenc being considered. We feel this procedure is appro-
priate under certain circumstances. If after determining the
fragility of a particular plant component using generic data it
is found that the capacity is sufficiently high so that the
component does not influence the release category analysis,
then we feel the analysis is appropriate. On the other hand,
if the component is found to have a low capacity such that it
influences (or could if changed by a small amount) the fre-
quency of core melt analysis, then a more detailed analysis for
that component should be conducted.

As a recsult of our tour of the Indian Point Site, we
question whether the IPPSS has considered all possible failures
of nonsafety-related structures or equipment, which could
impact on safety-related items. The IPPSS has included, for
example, possible failure of the stack, superheater building,
and the turbine building onto the Unit 2 control building for
seismic loads. It was pointed out during the tour that the
nitrogen bottles in the Unit 3 AFW pump room could fail and the
released gas propel them into safety-related control cabinets.
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This type of secondary failure was not considered in the
analysis. Another possibility which was not documented in the
IPPSS report is potential failure of the polar crane structures
in the containment buildings and possible failure onto equip-
ment below. We believe that a systematic study should be con-
ducted to identify and quantify the effects of possible
secondary failures which could affect safety-related structures
and equipment.

2.7.1.4 Sensitivity Analysis

In order to understand how changes in the analysis
parameters might affect the mean frequency of release category
2RW, we performed a sensitivity analysis using the same dis-
crete probability distribution procedure used in the IPPSS
report. The mean frequency values given in the report for 2RW
are 1.4 x 10-4 per year for Unit 2 and 2.4 x 10-6 per year for
Unit 3, which were used for comparison.

The hazard curves from IPPSS report Sections 7.9.1 and
7.9.2 were used in the sensitivity analvsis. The relative
weights which were assigned were the same as usecd by IPPSS.

The fragility curve values for release category 2RW were
obtained from Table 7.2-4 for Unit 2 and Table 7.2-8 for Unit 3
from the IPPSS report.

The purpose of the sensitivity study was to determine the
differences between the D&M and the WCC seismicity curves and
to investigate the effects of shifting and truncating the
curves. The D&M curves were shifted by a factor of 1.23 (this
was done to convert from peak ground acceleration to damage-
effective ground acceleration) and truncated for assumed upper-
bound cutoff values (see discussion for IPPSS report Sections
7.2 and 7.9.4). The WCC curves developed in Section 7.9.2 were
based on a damage-effective ground acceleration parameter and
were also similarly shifted and truncated. (See discussion for
IPPSS report Sections 7.2 and 7.9.2)

The results of the sensitivity analysis are presented in
Table 2.7.1-1. The combined results for the shifted and trun-
cated curves at the bottom (0.8 x 10-4 for Unit 2 and 1.6 x
10-6 for Unit 3) should be the same as the IPPSS results for
Units 2 and 3. We believe that the difference is due to the
procedures used to perform the integration and the coarseness
of the hazard and fragility data points. 1In addition, there
may be some difference due to the lumping of curves done in the
IPPSS analysis (Figure 7.2-4 does not replicate the seven D&M
curves from Figures 7.2-1 and 7.2-2 and the four WCC curves
from Figure 7.2-3). 1In some sense, the difference in the
results represent an analysis procedure error or uncertainty.
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TABLE 2.7.1-1

RESULTS OF SE1SMIC SENSITIVITY ANALYSIS

Category
D&M

Unshifted and Untruncated

Shifted and Truncated

WCC
Unshifted and Untruncated

Shifted and Truncated
Combined Results
Unshifted and Untruncated

Shifted and Truncated

IPPSS Results

2.7.1=7

Mean Frequency, Release
Category 2RW (per year)

Unit 2
2.6 10-4
1.5 10-4
1.7 10-4
1.3 2 10-5
2.2 10-4
008 10-4

Unit 3
1% 10-5
3.2 10-6
1.6 10-6
3.5 10-9
6.2 10-6
1.6 x 10-6
2.4 10-6



In general, we believe that the data points for the hazard and
fragility curves in the IPPSS are too coarse. A more refined
set of points should be developed.

Several conclusions can be made based on the results of the
sensitivity analysis.

1) The mean frequency of release category 2RY for Unit 2
is greater by a factor of approximately 12 between the D&M and
the WCC shifted and truncated hazard curves (i.e., 1.5 x 10-4
per year compared to 1.3 x 10-5 per year). These are the
curves ultimately used in the IPPSS analysis. Note that for
Unit 3 the difference is about a factor of 1000. The reason-
ableness of this result is discussed for IPPSS report Section
7.2 in the JBA repurt (see Appendix). Based on this study, it
is clear that the WCC hazard curves are considerably different
from the D&M curves.

2) For the D&M hazard curves the difference between the
unshifted and untruncated results and the modified results is a
factor of less than 2 for Unit 2 and slightly over 3 for Unit
3. The low factor for Unit 2 is because the median fragility
value of 0.27g for Unit 2 is well away from the upper-bound
cutoff values. For Unit 3 the effective median fragility value
of 0.8g, is at the upper limit of the cutoff values. Note that
plots of the hazard curves are given in IPPSS Figures 7.2-1
through 7.2-4.

3) For the WCC hazard curves, the difference between the
unshifted and untruncated results and the modified results is a
factor of 13 for Unit 2 and a factor of almost 500 for Unit 3.
The high factors for both units is because the median fragility
values are at or above the upper-bound cutoff values.

4) The difference between the shifted and truncated
combined results (which are the basis for the final values
given in the IPPSS report) for Units 2 and 3 is over two orders
of magnitude. The reason is due to the effective capacity for
Unit 2 being 0.27g and for Unit 3 being 0.8q.

2.7.1.5 Ramapo Zone Investigation

The increase in the mean frequency of release category 2RW
due to different representations of a Ramapo fault zone were
calculated using a seismic hazard model. The results show an
increase due to the Ramapo source in comparison to mean fre-
quency values obtained in the IPPSS. We postulated, in a Baye-
sian sense, a subjective weight for the Ramapo source and then
combined this source with the other postulated sources. Based
on the information we have to date, we are unable to make
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a formal assignment for the Ramapo source. However, we have
investigated the implication of various weights which could be
assigned. At one limit is the probability assigment of 0.

This implies that the Ramapo source is incapable and thus can-
not possibly occur. At the other extreme is the probability
assignment of 1.0 which says that the Ramapo source, plus a
reasonable background seimicity which was added, replaces the
other source zones considered in the IPPSS. This is obviously
a very conservative scenario since it is highly unlikely that
the only possibility is the Ramapo zone. For purposes of this
sensitivity analysic, the D&M Piedmont zone with a M5.7 maximum
magnitude is selected to be the background seismicity. This is
also conservative,

Because there is a difference in integration procedures
used by IPPSS and us, we have normalized the increase in mean
frequency of consequences to correspond to the values given in
the IPPSS report. In this investigation we have not included
any other differences which we found in our review. Thus, the
results presented here are given in addition to changes we
noted elsewhere in this section.

Figure 2.7.1-1 shows the effect of the Ramapo fault 2zone
and its assumed background seismicity on the mean frequency of
core melt or release categories for subjective probability
values between 0 and 1. The curves were developed for release
category 2RW. However, we expect the trend to be similar for
other release categories and for core melt as well. Curves
given for both Unit 2 ard Unit 3 represent the ratio of the
total seismicity-caused mean frequency (including the weighted
contribution from the Ramapo source and background seismicity)
to the seismically-caused mean frequency values corresponding
to the IPPSS report (i.e., 1.4 x 10~4 per year for Unit 2 and
2.4 x 10-6 per year for Unit 3). Thus the results shown in
Figure 2.7.1-1 pertain only to seismically-caused conse-
qgquences. The two curves shown for each plant represent lower
and upper bound possible Ramapo fault zones.

Figures 2.7.1-2 and 2.7.1-3 show similar plots for total
mean frequency of release category 2RW and core melt, respec-
tively. In these plots the mean frequency values given in
IPPSS report Tables 8.3-2 and 8.3-3 were used as the base
values for Unit 2 and Unit 3, repectively. Thus the effect of
the Ramapo fault zone on higher level consequences as function
of the subjective probability for the zone can be seen.

By comparing Figures 2.7.1-1 through 2.7.1.3, it is seen
that the effect of the Ramapo fault zone decreases monotoni-
cally from seismic-caused release categories, to total release
category 2RW, and finally to core melt. The reason the
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effect of the Ramapo decreases is because other events such as
fire, hurricane, tornado, and internal accidents dilute the
contribution made by the Ramapo source.

2.7.1.6 Systems Analysis

We believe that the mean value of 1.4 x 10-4 per year for
the annual frequency of core melt for Unit 2 is low by a factor
of 2 because of the hazard curves. We feel that the hazard
frequency of exceedance values are better represented by the
values given by DaM. Since the D&M and WCC seismicity curves
were weighted equally, and since the mean frequencies of core
melt based on the WCC curves are more than a factor of 10
lower, (see sensitivity investigation above), the IPPSS values
are doubled if only the D&M hazard curves are used. As dis-
cussed in the review of Section 7.9.3 in the JBA report (see
Appendix), we believe that the fragility for the dominant com-
ponent (i.e., impact between Units 1 and 2 control rooms) is
conservative. A more detailed analysis of this failure mode
would probably lead to a higher median capacity.

Because of the higher level of subjective uncertainty
leading to the tails of the core melt frequency density func-
tion, we do not believe the reported 90 percent confidence
bounds for Unit 2 are credible.

Because component C) (impact between control rooms of
Units 1 and 2) dominates the analysis, possible dependence
between capacities and/or responses of other components does
not affect the analysis results for Unit 2.

In regards to the systems analysis for Unit 3, the control
building median capacity is given as to 1.20g, which is based
on a shear wall failure mode. We believe that this value may
be high (i.e., unconservative) for the Unit 3 control building.
Part of the argument for developing the capacity for the Unit 2
control building was that impact between Unit 1 and Unit 2 con-
trol rooms will cause failure of the hung ceiling which would
fall and incapacitate all operators. Based upon visual inspec-
tion of both Unit 2 and 3 control rooms, we found that both
ceilings are hung by wires without special seismic bracing. We
doubt that the control room ceiling for Unit 3 has a capacity
equal to 1.20g damage-effective ground acceleration. The domi-
nant components for core melt and release category 2RW are the
control building shear wall and the diesel generator fuel oil
tanks which together have an equivalent median capactiy of
about 0.8g. We doubt that the hung ceiling in the control room
has a capacity even that high.
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The capacity of the diesel generator fuel oil tanks, which
are buried, are based on c¢eneric data. Because this component
contributes significantly to core melt and 2RW for Unit 3, a
specific analysis for this component should be conducted.

It is doubtful that any dependence between the components
will affect the analysis results for Unit 3. Note that perfect
dependence due to ground motion is implicitly assumed in the
procedure for integrating the hazard and fragility curves.

Since the control building and fuel tanks are separate
structures, no capacity or other response dependence is present.

We believe that for the mean value of 2.4 x 10-6 per year
for the annual frequency of core melt for Unit 3 may be low due
to potential failure of the control room ceiling and our belief
that the D&M hazard curves are more representative of the
Indian Point site. We feel that these differences would change
the reported value by a factor of about 8. We do not believe
that the reported 90 percent confidence bounds are credible.

2.7.1.7 Conclusions and Recommendations

We believe that certain results may be unconservative.
Based on our review Table 2.7.1-2 gives a revised list of mean
frequencies for Indian Point Unit 2. Table 2.7.1-3 gives a
similar list for Unit 3. Below each of the mean frequencies
for seismic, hurricane, and tornado is the ratio of the revised
value to the value given in the IPPSE report (see Tables 8.3-2
and 8.3-3 for the IPPSS report values for Units 2 and 3,
respectively).

We believe that the D&M hazard curve values are more
representative of the Indian Point site; thus, we choose to
weigh the D&M curves with a probability value equal to 1.0.
This assumes that the results for a Ramapo source are contained
within the family of seismicity curves developed by D&M.
Because the release category frequency values for the WCC
curves are about an order of magnitude below the frequency
values based on using the D&M curves, the mean release category
and core melt frequencies for Unit 2 .re approximately
doubled. (Note that the D&M and the WCC values were each
weighted equally in the IPPSS.)

We believe that for Unit 3 the capacity of the hung ceiling
in the control room may be lower than the equivalent median
capacity value of 0.8g9, implicitly used in the IPPSS. We esti-
mate that the mean frequency for release category 2RW, which
has a dominant contribution from the control building,
increases by a factor of 5. Similar to the revised values for
Unit 2 for the increase in the hazard function, we increase the
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TABLE 2.7.1-2

REVISED MEAN RELEASE FREQUENCIES - UNIT 2

Release
Category Seismic Hurricane Tornado
z2-1Q 1.4 x 10=6#%» 0 0
(2)..‘
2-1 2.6 x 10-8 small small
(2)
2 5.8 x 10-8 small small
(2)
2RW 2.8 x 10-4 5.4 x 10~4 1.6 x 105
(2) (20) (1)
8A 8.4 x 10-9 0 small
(2}
8B 5.2 x 10-10 0 0
(2) ST TRCN
Core Melt 2.8 x 10-4 5.4 x 10-4 1.6 x 10-5
(2) (20) (1)

**Mean Frequency
***Ratio to IPPSS Value
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TABLE 2.7.1-3
REVISED MEAN RELEASS FREQUENCIES UNIT 3

Release
Category Seismic Hurricane Tornado
Z2-1y 7.4 x 10=8#+ 0 0
(2)000
=1 5.0 x 10-9 0 small
(2)
2 small 0 small
2RW 2.4 x 10-3 0 9.2 x 10~7
(10) (1)
8A 1.4 x 10-6 0 4.1 x 10-7
(2) (1)
88 4.4 x 10~7 0 0
i e
Core Melt 2.6 x 10=3 0 1.3 x 10-6
(7.9) (1)

**Mean Frequency
***zatio to IPPSS Value
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mean frequencies of all categories by an additional factor of 2
to produce a total factor equal to 10 for release category 2RW
and a factor of 2 for other categories. Core melt due to
seismic increases by a factor of almost 8.

In order to resolve the most significant issues which have
been raised in the review, we recommend the following be done.

1) Por Unit 3, the capacity of the hung ceiling in tne
control room should be analyzed and a fragility curve developed
for this component and incorporated into the plant analysis.

2) PFor Unit 3, the capacity for the diesel generator fuel
oil tank, which is a dominant contributor, should be based on a

specific analysis for this component. Generic-based values
were used in the IPPSS.

3) The Ramapo Fault should be represented in the seismic

hazard analysis (i.e., area, recurrence distribution,
upper-bound magnitude, etc.) and probability weight(s) assigned.
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2.7.2 Wind

In this section, the wind external event is reviewed. The
material in Sections 2.7.2.2 to 2.7.2.6 is based on a draft
report prepared by Jack R. Benjamin and Associates, Inc.

(JBA). Their report is contained in Appendix B of this letter
report. Appended to the JBA report is a report by Dr. Larry

A. Russell who discusses the hurricane hazard analysis. 1In
addition, References (1-5) are referred to in the discussion of
Section 2.7.2, and the comments given in References (6-7) were
considered in the review.

The comments given in Sections 2.7.2.1 through 2.7.2.6
represent the most significant issues in the review and summary
of the final conclusions. More detailed discussions of the
issues can ke found in the JBA draft report.
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2.7.2.1 Wind Logic Model

The wind logic model is reviewed in Section 2.7.8,
2.7.2.2 Wind Events

We concur with the procedure to develop hazard curves for
extreme winds, hurricanes, and tornadoes separately, and the
assumption that the results from the three sources are indepen-
dent. We believe “hat correction factors for the effects of
height, which were included in the analyesie, are small relative
to the influence of adjacent structures, which were not
explicitly included in the analysis.

We believe that the tornado hazard curves are conservative,
but that the hurricane hazard curves are unconservative. The
implications of this result are discussed below.

2.7.2.3 Tornado Missiles and Winds on Concrete Structures

The statement that the concrete stuctures were designed for
25 psf wind loading, and that there is "little deflection” is
misleading and not pertinent to the conclusion that potential
wind pressures and tornado missiles are not significant to
Indian Point safety-related concrete structures (i.e., wall
thickness greater than 12 inches). We concur with this
conclusion based on review of References 1, 2, and 3.

The statement that tornado frequencies at Indian Point are
lower should be documented (although we do agree with this
statement). In general, other leading statements made in this
section should be documented.

2.7.2.4 Tornado Missiles and Winds on Metal Structures

We agree that it is conservative to base the fragility of
metal structures and exposed equipment on the hit frequency:
however, the fragility curves for the effects of tornado mis-
siles were not developed based on possible hit freguencies as
stated, but rather on wind velocities which could lift various
missiles off the ground. However, we believe that using the
tornado impact fragility curves shown in IPPSS report Figure
7.5-3 results in conservative frequencies of failure for the
structures and equipment considered. We developed our basis
for this conclusion using References 2 and 3 which reported the
probability of hit frequency of specific structures at a
nuclear power plant. The basis for our opinion is documented
in the JBA report (see Appendix B).
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We feel that hurricane-caused missiles are probably not a
problem; however, this potential cause of failure should be
considered and documented in the IPPSS report.

We believe that the major uncertainty in wind loading on an
Indian Point structure (conditional on the occurrence of free-
field wind velocity) is due primarily to the influence of
nearby structures. We do not believe that the randomness or
uncertainty included for the capacity due to wind have been
rationally developed in the IPPSS to include the influence of
the close proximity of adjacent Indian Point structures. Also,
we disagree with the development of the wind load correction
factor SFL.

Por hurricane winds, SFr, randomness was based on
consideration of differences in terrain and return period
occurrence wind speeds. The influence of nearby stru-cures is
more significant than terrain variability and should have been
explicitly included. Also differences in occurrence rate
belongs in the wind speed hazard analysis rather than the fra-
gility formulation. For tornadoes, SFr, randomness was based
on the relatively insignificant differences in wind speed
effects over the height of the structures.

Because of the apprcach used to develop the factor SFr,
the slope of the fragility curves for tornado effects are steep
while the corresponding curves for hurricanes are less steep.
We believe that the randomness (which is expressed by the slope
of the fragility curves) should be essentially the same for the
effects of tornado and hurricane wind speeds.

We noted two discrepancies in the development of the
fragility curves. In Table 7.5-1, the velocity pressure for
exposure C for a 100-year return period from Reference 4 should
have been 27 psf instead of the value of 18.5 psf used in the
analysis. The effect of this error would be to increase the
randomness for hurricane wind fragility curves which would lead

to a slightly larger frequency of core melt (probably a small
effect).

The second discrepancy is the conversion of pressure tg
equivalent wind velocity using the equation: g = 0.00256 V
(where @ = psf, V = mph). This equation ignores the differ-
ences between structure shapes. For example, a rectangular
building in the open is more closely modeled by the equation of
g* = 1.3q where 1.3 is the shape factor. Because of the
influence of adjacent buildings, the shape factor will vary
from structure to structure. We believe that the unly rational
way to develop shape factors for buildings at Indian Point is
through use of a wind tunnel model. Our judgment is
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t“at the shape factors for the Unit 2 control building, the
Unit 2 diesel genevator building, and RWST also vary depending
on the type of failure being considered. As discussed below,
these structures control the core melt and release frequency
analysis.

Assuming a local failure may control the capacity of the
diesel generator building, the median capacity may be smaller
by a factor as much of 1.7; however, this building is shielded
to some extent. For the RWST we believe that the implicitly-
assumed shape factor of 1.0 is appropriate. Because of the
location of the control building, which is relatively shel-
tered, the shape factor is probably 1.0 or less. However, this
should be confirmed by IPPSS personnel and documented.

The offsite power fragility is assumed in the IPPSS to be
controlled by the fragility of the transmission line towers.
Because the offsite towers have not been specifically identi-
fied and analyzed, we believe that a median fragility wind
velocity value of 140 mph is unconservative. It is likely that
offsite power will be lost at a much lower wind velocity. We
believe that it would be prudent to assume that offsite power
is not available if either a tornado or hurricane occurs. The
implication of this assumption is discussed below.

We feel that there is no rational basis for the assumption
that the upper-bound and lower-bound fragility curves are each
weighted with probability 0.1. The result of this assignment
causes the three middle fragility curves used for the hurricane
and tornado analysis (see IPPSS report Tables 7.5-4, 7.5-5, and
7.5-6) to be nearly identical. Because of the apparently arbi-
trary assignment of probability values (i.e., 0.2 could have
equally been used for the upperand lower-bound curves), we do
not have confidence in the cpread of the probability distribu-
tion. Also, the mean values will change significantly for
hurricanes as the probability assignments are altered. This is
due to the relative steepness of the hurricane hazard curves.

We believe that the possibility of either the turbine
building or the superheater building failing and falling on the
control building should be considered. Also the possibility of
the superheater building failing and fallin, on the diesel
generator building and the condensate storage tank should be
considered. The fragility curves for these structures should
be developed to determine whether they effect the probability
of core melt and subsequent release.
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2.7.2.5 Systems Analysis

Based on the fault trees given in 12PSS report for Unit 2,
Pigures 7.5-6 a through £, the Boolean equations leading to
core melt, My were checked. We generally agree with the
final expression given on page 7.5-12. We believe that part of
the probability of the stack failing and falling on either the
control building or the diesel generator building was omitted.
This contribu“ion amounts to 0.05 Dy V 0.05 T
Because of the high capacity of the stack relative to the con-
trol and diesel generator buildings, this discrepancy has no
significant impact.

The significant contributors to core melt for Unit 2 are
due to wind pressure failure of offsite power wr the con-
trol building we+ and the diesel generator building We
Note that the subscript "W" refers to either hurricane or tor-
nado winds, while "T" refers only to tornado missile effects.
The significant portion of the core melt Boolean equation is
wA( @w v @w). The other parts of the equation are not
important since the capacity for tornado missiles is relatively
high.

We believe that the mean annual frequency of core melt
value of 4.3 x 10-5 per year for Unit 2 may be low by a factor
of about 13 (a large effect). We do not believe that the
confidence bounds given are meaningful.

Based on the fault trees given in the IPPSS report, Figures
7.5-11 a through e, the Boolean equations leading to core melt,
My, for Unit 3 were checked. We agreed with the equations
given in the IPPSS report.

The significant contributions to core melt are due to
failure E5 either the RWST, ()-r, or the service water
pumps, . Other components in the sequence, such as off-
site power and the AFW pump building, will fail due to wind
pressure at much lower wind velocities than missile failure of
the RWST or the service water pumps.

We believe that the mean annual frequency of core melt
value of 1.3 x 10-6 per year for Unit 3 is reasonable. We do
not feel that the confidence bounds given are meaningful.

2.7.2.6 Conclusions and Recommendations
We believe that certain results may be unconservative.
Based on our review, Table 2.7.1-2 gives a revised list of mean

frequencies for Indian Point Unit 2. Table 2.7.1-3 gives a
similar list for Unit 3. Below each of the mean frequencies
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for seismic, hurricane, and tornado is the ratio of the revised
value to the value given in the IPPSS report (see Tables 8.3-2
and 8.3-3 for the IPPSS report values for Units 2 and 3,
respectively.)

Two factors produce an estimated increase in release
category 2RW for Unit 2 due to hurricane effects. Based on
review of Section 7.9.5, we believe that the median hurricane
hazard curve is unconservative. A comparison of the IPPSS
median and upperbound curves was made with hazard values
obtained from Reference 5. Using a range of hazard curves
based on this reference and the median fragility curve from
IPPSS Table 7.5-4, we obtain a factor of 10 to 30 increase in
release category 2RW. We believe that a factor of 10 increase
is appropriate fcr differences due to the hazard curves. In
addition, the hazard curves do not include complex site rough-
ness boundary layer effects and wind channelization caurcsd by
local hills and the Hudson River Valley. Due to a higher esti-
mated hazard curve, the frequency of 2RW and core melt are
judged to increase by a factor of 10. Also because offsite
power probably will be lost at a wind speed below 140 mph, the
frequency of 2RW release and core melt increase by a factor of
2. The total factor for both these effects is a 20-fold
increase in mean frequency for 2RW and core melt for Unit 2.

For tornado wind effects, we believe that the capacity of
offsite power has been assumed too high. We estimate that the
frequency of release category 2RW increases by a factor 2 for
Unit 2. However, we judge that the hazard curves are conserva-
tive by at least an equivalent factor; thus, we believe that
the IPPSS mean frequency values for 2RW and core melt are
reasonable.

Hurricane winds are not a significant event for Unit 3.

Since the frequency of release depends on tornado missile

impact, we judge the IPPSS results for tornado hazard to be
reasonable for Unit 3.

In order to resolve the most significant issues which have
been raised in the review, we recommend the following be done.

1) A fragility curve for offsite power should be developed
which considers various possible failure mechanisms (i.e., in
addition to the failure of the transmission towers).

2) Wind fragility curves should be rationally developed
for the Unit 2 control building and the diesel generator build-
ing. They should explicitly consider the structure shapes and
the effects of adjacent structures. Possible local failure
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of siding and roofing should be considered in determining the
structure capacities. Also, the fragility of the Unit 1 tur-
bine and superheater buildings should be calculated for wind.
The possibility of these buildings failing and falling on
safety-related structures (i.e., Unit 2 control building,
diesel generator building, and condensate storage tank) should
be included in the plant analysis.

3) A hurricane hazard analysis which includes careful
evaluation of the site roughness boundary layer effects and
wind channelization by the local hills and river valley should
be perrormed.

4) A systematic comparison between the hurricane hazard
curves given in the IPPSS and the results in Reference 5 should
be made to provide the basis for the large differences that
exisi and justification of the reasonableness of the IPPSS
results.
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2.7.3 Flooding

In this section external and internal flooding events are
reviewed. The material in Sections 2.7.3.1 and 2.7.3.2 is
based on a draft report prepared by Jack R. Benjamin and Asso-
ciates, Inc. (JBA). Their report is contained in Appendix B of
this letter report. References 1 through 8 are referred to in
the discussion in Section 2.7.3.1 and References 9 through 14
are referred to in Section 2.7.3.2. The comments given in
Reference 15 were considered in the review.

The comments given in Sections 2.7.3.1 and 2.7.32.2 present
the most significant issues in the review and summarize the
final conclusions. More detailed discussions of the issues can
be found in the JBA draft report.
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2.7.3.1 External Flooding

The Indian Point plant is situated on the east bank of the
Hudson River, approximately 43 miles north of New York City.
The plant elevation is approximately 14.0 ft. which corresponds
to the elevation of the screenwall structure for Unit 3 (Ref.
1). The plant grade is about 15 ft. The consideration of
potential flooding at the site due to external flood is based
principally on the flood studies conducted for the Indian Point
Unit 3 operating license review, (Ref. 2, 3, 4, 5, and 6). The
design basis of Unit 3 for external flooding, and thus the
IPPSS, is based on the occurrence of extreme events and event
combinations such as the Probable Maximum Flood (PMF), the
Probable Maximum Hurricane (PMH), high tides, etc. The IPPSS
concludes the contribution to the frequency of core melt due to
external flood sources is extremely small. The basis of this
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conclusion is reviewed and the adequacy of the probabilistic
methodology is discussed.

The principal basis of the external flooding analysis in
this section is the work in Reference 4, and various supple-
ments or revisions (Ref. 5, 6). The intent of these studies
was to evaluate maximum water surface elevations at the site.
On the basis of a review of potential sources of flooding on
the Hudson River, the following events and event combinations
were considered:

. Probable Maximum Precipitation (PMP), which is assumed
to produce the Probable Maximum Flood (PMF)

. PMF and tidal flow
. Standard Project Flood (SPF) and Ashokan Dam Failure

. SPF and the Standard Project Hurricane (SPH) at New
York Harbor

. SPF, Ashokan Dam Failure and the SPH at New York Harbor

. Probable Maximum Hurricane (PMH) and spring high tide,.

The result of deterministic calculations for these events
are proviced in Reference 6. The IPPSS estimates of the annual
“requercies of occurrence of individual events range from
1077 /yr to lO“/yt, while frequencies of _event combinations
have estimated values of 107°/yr to 10~ 2/yr. The IPPSS
concludes on the basis of the foregoing results that the con-
tribution of external flooding to the annual frequency of core
melt is extremely small. PFor this reason the study does not
consider the impact of flooding on safety-related equipment or
structures.

The approach taken in the IPPSS to assess the fre -uency of
external flooding at t e Indian Point site is to consider only
the most extreme events (i.e. probable maximum events), and
event combinations. The reason for this is apparently the fact
these events were the basis of the flood design criteria used
for the Indian Point site. This approact differs from a proba-
bilistic flood hazard analysis that considers a full complement
of water elevations due to a range of event sizes. The I¢PSS
has in effect chosen to consider for a given source of flood.ng
one or two events and their resultant water surface elevations
produced at Indian Point.
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The approach taken to evaluate the chances that external
flooding would affect safety-related equipment does not appear
adequate. We feel that the methodology employed has not
adequately treated the sources of uncertainty in the analysis
which may be large. Relevant examples of the uncertainty in
flood routing and water surface elevation mapping, including the
uncertainty in fl»>od routing procedures, «re presented in
Reference 7. The study suggests that an average value of the
one standard deviation in the estimate of water surface pro“iles
due to riverine flooding is approximately 23 percent of the
estimated flood depth. 1In addition, other sources of uncert*ainty
include the frequency of occurrence model employed, the uncer-
tainty about a derived frequency function, storm selection, etc.

At a meeting with IPPSS personnel our concern that the
uncertainty in the flood analysis was not taken into account
was expressed. The response by IPPSS provided in Reference 8,
does not address this issue.

It is not apparent in the analysis for flooding due to
hurricanes that an occurrence at a location other than New York
Harbor is considered. This approach is not consistent with the
probabilistic hurricane analysis in Section 7.9.5.

We conclude from our review that the sources of external
flooding at the Indian Point site have been identified and
adequately considered in a deterministic sense.

The probabilistic methodology employed for ex .ernal flood
hazards is a departure from the analysis conducted for other
external events such as seismic, hurricane and tornado. The
method is somewhat ad hoc in the sense that a complete proba-
bilistic hazard assessment was not conducted (i.e., uncertainty
in key parameters are not considered, and a family of flood
elevation hazard curves was not produced.) Although the state-
of-the-art in flood hazard assessment is sufficiently developed
to conduct such an analysis, external flooding in the IPPSS is
not treated as thoroughly in a probabilistic context as other
external events.

We do not agree with the methodology applied in the IPPSS
to evaluate external flood hazards at the site. The approach
provides point frequency estimates for single events and event
combinations rather than considering a full complement of event
sizes, parameter values, and joint occurrence of events.
Therefore, at a given frequency of exceedance the uncertainty
in flood depth cannot be evaluated, nor can the probability
distribution on frequency. We recognize that a reason for this
approach is due in part to the traditional notion of a probable
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maximum flood (PMF). Since the PMF is an extreme event, an
annual frequency of occurrence is typically not determined by
hydrologists, nor is the variability in key parameters consid-
ered. Nonetheless, the uncertainties in estimated frequencies
of extreme events are generally considered to be large (Ref.
9)., Similarly, for a given storm, there are important sources
of uncertainty to be considered in the estimation of flood
water surface profiles. The IPPSS has not conducted a sensi-
tivity analysis nor has an analysis been conducted to obtain
the uncertainty in the frequency of exceedance. In our judg-
ment a flood hazard analysis should be conducted that accounts
for modeling variability and the variability in key parameters
of the flooding process.

2.7.3.2 Internal Flooding

In this section the results of an analysis to consider the
effects of internal flooding on safety related equipment is
considered. At a meeting with IPPSS personnel, a summary was
provided of the procedure used to identify sources of internal
flooding and to determine their effect. Three steps were
followed:

1. Identification of the sources of flooding.

2. Identify locations vulnerable to floods from those
sources determined in 1.

3., Cause of initiating event and evaluate the impact.

‘e generally agree that these are the basic steps required to
conduct an internal flood analysis. We would suggest that the
internal flood analysis be conducted in a manner suggested in
Reference 9 which recommends development of flood analysis
fault trees. This would ensure that a thorough, systematic
analysis of critical events and event sequences that may lead
to a transient are considered. We suspect, based on references
in the text, that existing fault trees have been used to some
degree in the analysis. However, it is not clear that the
effects of localized damage were included in the existing fault
trees.

1) Noncategory I Systems

An analysis was undertaken to consider the impact of
internal floods on the core melt frequency. The IPPSS study
conducts the analysis for Indian Point Unit 2, and based on the
similarities in the design of Units 2 and 3, it was assumed
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that conclusions reached also apply to Unit 3. This assumption
is reasonable if it can also be assumed that age effects, par-
ticularly in locations where corrosion is likely, do not impact
on the results. Also, since the units are not under the same
ownership, it should also be verified that conditions have
remained the sane for both units. Since changes always take
place, it is not apparent that equivalent alterations occur at
the same time and in the same way in both units. Similarly,
temporary blockage of flood passages will undoubtedly be dif-
ferent for each unit. These factors should be addressed in
order to verify that the two units are the same. Unless sig-
nificant changes between them are identified we judge that the
difference in the contribution to plant risk will be small.

The IPPSS considered the impact of failure of Noncategory
I systems on safety systems. The conclusions reached are based
on extensive review by the utility and the NRC (Ref. 10, 11,
12, 13, and 14). The conclusion of the analysis is that the
operation of safety systems will not be affected by flooding
produced by failure of Noncategory I systems.

a) Circulating Water Failure

A review of flood scenarios is presented due
to a circulating water pipe failure. The situations described
have been reviewed by the NRC staff. We note that flooding due
to a pipe failure is considered to be self-limiting because the
condensate pump motors and the 6.9 kV switchgear will be
flooded, resulting in reactor trip and loss of offsite power,
respectively. This logic presumes that failure events can be
counted on to limit the event. The basis for this should be
further qualified.

Although a relatively high value for pipe failure is
assumed, and no advantage is taken of operator corrective
actions, consideration should also be given to potential incor-
rect action by the operator. Given the high value taken for a
piprlfailure. the effect of these factors is considered to be
small.

b) P Protect Syst F -
) 4 tric el F : Conditions for
flooding due to failure of the fire protection system are
described. The basis of this event is reasonable; however, no

information is provided regarding how the frequencies of valve
and pipe failure were determined.
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Diesel Generator Building Flooding: We agree

with the conclusion that the frequency of diesel generator
failure is negligible compared to other causes of failure.
However, it is not clear that the frequency of inadvertent
accuation has been considered. We judge that considering of
this event will have a relatively small effect on the frequency
of diesel generator failure,.

Charcoal Filter Plooding: We agree with the
conclusion and have no additional comment.

2) Categorv I Systems

a) Primary Auxiliary Building (PAS)

The analysis of flooding in the PAB has been
conducted in a manner that identifies the effect of flooding
due to the RWST, the service water system and component cooling
system. For each system, the frequency of failure has been
quantified and considered in the system fault trees. These
frequencies are not quantified in the section on internal
flooding. The approach taken in the IPPSS is to identify the
events that would occur in the event a flood were to occur. It
is not apparent from the discussion that the impact of flooding
was included in the system fault trees.

b) Diesel Generator Building (DGB)

Flooding in the DGB can be contained by the
pit areas and the 12" drain-lines which drain to the circula-
ting water discharge tunnel. Since a plant transient does not
occur due to the diesel generators failing, the only event of
interest is the joint occurrence of this event and a plant
transient. The frequency of this event has been treated in the
failure of the service water system. We agree with the
conclusion that the likelihood of this event is small.

c) Auxiliary Feed Pump Building (AFPB)

The AFPB has been designed to discharge water
from a feedwater line break. However, flood discharge rates of
a feedwater line break and drainage capacities are not guanti-
fied and, therefore, this statement cannot be evaluated. Our
review of this section and Reference 14 and verification that
the appropriate failure frequencies are quantified for the
auxiiiary feedwater system, we have no further comment on this
section.
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d) Control Building (CB)

Plooding in the CB due to a service water
break is considered. Of vital importance is the 480 V switch-
gear located at level 15'. The analysis assumes that floor
drains in the CB will remain available in the case of a flood.
To fully demonstrate this, the location of floor drains with
respect to the service water lines and the 480 V switchgear
must be provided. The conclusion is made that the frequency of
power loss is less than the frequency of loss due to other
causes. It should be demonstrated in the IPPSS report that the
additional increase in the loss of power is negligible.

e) Containment Building

The recent experience of flooding in the
containment building has led to significant changes in both
units. The numerous changes which have been made are listed in
the IPPSS report. No quantification has been made of the fre-
quency of flooding and damage in the containment for the
upgraded facility. The reason for this is apparently that a
service water system rupture and a LOCA must occur, in order to
contribute to plant risk. Due to past experience, a quantifi-
cation of the system reliability is called for, such as a com-
parison between the upgraded plant and the system at the time
of the 1980 accident. We, in general, agree that the changes
have increased the system reliability and that the contribution
to plant risk is less than the original design.

We generally agree with the steps performed in the
analysis. However, the steps are not given in the IPPSS but
were provided at the meeting with IPPSS personnel. We recom-
mend that the methodology and procedures applied be described
in the IPPSS report. In future PRAs, we would recommend the
use of a more systematic approach, such as Reference 9
recommends.
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2.7.4 Pire

For Indian Point, Units 2 and 3, the Indian Point Probabilistic
Safety Study (IPPSS) reports that fire accident sequences consti-
tute a significant portion of the overall public risk of plant
operations. Based on our review of the Indian Point fire analysis,
we have found rno evidence which contradicts the IPPSS conclusion
that the risk of fire ie significant. 1In fact, it appears that for
gsome accident scenarios the potential importance of fire may be
even larger than estimated in the Indian Point fire analysis, pri-
marily because of uncertainties associated with defining the
mechanisms by which fire damage occurs (e.g., actual burning or
high temperatures). This point will be discussed more thoroughly
later in this section.

Scope of Review

Our review of the :ndian Point fire analysis considered each
fire analysis step identified in the IPPSS. To help resolve ini-
tial questions prompted by our review of the fire analysis, we met
with the authors of the analysis, and we inspected critical fire
areas at Indian Point, Units 2 and 3. Based on this initial reviev
effort, we concluded the following:

1) The Indian Point fire analysis appears to have identified
all critical plant areas where a fire can cause an initia-

ting event and, simultaneously, fail redundant safety
systems.

2) The Indian Point fire analysis has adopted the best

available data base for estimating the frequency of fires
in nuclear power plant areas.

3) The Indian Point fire analysis appears to have identified

all important safety system components and cabling which
are located in critical plant fire areas (See 1).

4) The Indian Point fire analysis reflects as-built plant
conditions at the time the analysis was performed; how-
ever, subsequent plant modifications to comply with Appen-
dix R to 10 CFR 50, "Fire Protection Program for Operating
Nuclear Power Plants," are not included in the IPPSS.

5) The Indian Point fire analysis did not quantitatively
assess the importance of a control room fire, even though
an analytical basis for excluding the control room from
analysis appears to be missing.
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Consistent with these initial conclusions, we limited the scope of
further review to the manner in which fire scenarios involving
specific plant safetv areas had been analyzed and quantified in
the IPPSS. We did not reassess the selection of critical fire
areas, the adaptation of the fire frequency data base, the identi-
fication of safety system components and cabling, or the impact of
plant modifications implemented subsequent to the original IPPSS
analysis. PFurthermore, we did not attempt to estimate the safety
significance of a control room fire.

The Fire Analysis Method

As stated in the Indian Point fire analysis, "The occurrence
of fires and their effects on plant safety are very complex issues
which have not received as detailed attention as have other parts
of the risk assessment in previous studies. Therefore, major
assumptions had to be conservative in order to perform the analy-
sis." 1In general, these assumptions involved fire occurrence fre-
quencies, fire locations, fire propagation patterns, and fire
damage. For each critical fire area in Indian Point, Units 2 and
3, the fire occurrence frequency was estimated using historical
data, as represented by a gamma distribution. Within each area,
specific fire locations were identified which were judged to
constitute the greatest fire vulnerability (e.g., where redundant
cable trays cross). The fire occurrence frequency distribution
then was reduced to reflect the lower chance that a fire in a
critical area will occur at a particular location within the
area. Next, the analysis postulated a fire initiation source
(e.g., cleaning solvent) and calculated a fire propagation pat-
tern, based on a simplified fire plume model. A Delphi distribu-
tion for estimating the time required to extinguish fires was
combined with the fire propagatiocn model to arrive at an estimate
of the probability that a particular fire will be extinguished
before damaging the redundant safety systems of concern. For
those fire scenarios which required the subsequent random or oper-
ator failure of other safety systems before core melt would occur,
the required system unavailabilities were estimated using the same
techniques applied elsewhere in the IPPSS.

Based on our review of this analysis method, we have
identified two areas of concern which may impact the analysis
results. First, the analysis assumes that fire damage occurs only
through fire propagation within a fire plume, as a result of fire
spreading between fuel zones. Second, the analysis sometimes
gives egignificant credit for successful operator actions, even
though the confused operating conditions resulting from a major
fire could hamper an operator.

Recent cable fire testing by Sandia has shown that a fire in
one part of a room can generate a hot layer of gases aloag a
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ceiling, resulting in the failure of cabling located across the
room. This testing has indicated that the failed cabling never
reached its ignition temperature, but instead, it failed at a
lower temperature corresponding to the melting point of its insu-
lation. In the Sandia tests, both IEEE 383 qualified and nonqual-
ified cabling shorted to ground or to other conductors, as a
result of hot gas layers generated by both heptane fires and cable
€ires which were separated from the test cables by twenty feet.
The time required to cause shorting ranged from 4.1 tc 17.4
minutes depending on the fire configuration investigated. These
times are comparable to or less than to the fire plume propagation
times estimated in the IPPSS (i.e., 14.4 to 44.0 minutes). If
these test results identify fire damage modes which are relevant
to Indian Point, then a damaging fire may start in a number of
locations within a critical plant area, and the fire may need to
be extinguished in a shorter time to assure that redundant systems
are not affected by the fire. The Indian Point fire analysis did
not consider fire propagation by a hot gas layer or fire damage at
temperatures below the ignition point of cabling. The IPPSS cites
no data which discounts the possibility of Indian Point cables
failing at temperatures below their ignition point.

With regard to giving credit for operator actions, both the
Unit 2 and Unit 3 fire analyses have stated that, in the event of
a cable spreading room fire, an operator should be able to control
auxiliary feedwater pumps locally, by relying on "pneumatic steam
generator level indication located inside containment at the air-
lock." We believe that the conditional mean failure frequency of
an operator to achieve safe shutdown by this mode may be higher
than the 2.5 x 107 value chosen in the IPPSS.

Indian Point, Unit 2

The IPPSS identifies ten different plant damage states and
re}ease categories for fire-related scenarios at Indian Point,
Unit 2. In terms of IPPSS notation, the ten fire scenarios are:

Mean Core Melt Frequency

SE/ 2RW
Electrical Tunnel 5.6 x 10=5
(PAB End)
Switchgear Room 5.6 x 10=5
Electrical Tunnel 3.2 x 10-5
(CB End)
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TE/2RW

Cable Spreading Room 3.0 x 10-7
SL®/8A
Electrical Tunnel Right Stack 2.4 x 10-5
(PAB End)
Electrical Tunnel Right Stack 2.4 x 10-5
(CB End)
SEF/8BA
Electrical Tunnel Right Stack 1.0 x 10-7
(PAB End)
Electrical Tunnel Right Stack 1.0 x 10~7
(CB End)
TEFC/8B
Cable Spreading Room 1.6 x 10-6
SEFC/8B
Diesel Generator Room 9.0 x 10-7

In the IPPSS core melt and release frequency summary Table
8.3-9, the SE/2RW fire scenarios are added and, as a result, tie
with seismic for first with respect to core melt frequency, while
the SLF/8A scenarios rank third in terms of core melt frequency.
Because of these high rankings, we discuss t!.ese two damage states
and release categories more thoroughly in Sections 3.2.2 and 3.2.3
of this report. Before doing this, however, it is interesting to
estimate <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>