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performance which are important to prevent, mitigate, or recover from the ISLOCA
events and subsequent core melt. Specifically, five systems with postulated [SLOCA
events: RHR System; High Pressure Injection System; Core Deluge/Low Pressure
Injection System; Chemical & Volume Control System; Alternate Letdown/Drain Line
were included. The audit included 720 inspector hours on-site and 150 hours
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Results: No regulatory findings were identified, and several concerns relevant
to potential ISLOCA events were identified. These observatiuns were beyond
norma] compliance boundary.
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EXECUTIVE SUMMARY

This report documents the resuits of an announced team auait pertormed at
Connecticut Yankee Atomic Power Company, Haddam Neck plant from July 24, 1989
through August 4, 1989. The audit team examined plant hardware and
operational activities relating to high-and-low pressure Interfacing Systems
LGCA (ISLOCA). Emphasis was placed on man-machine interactions as well a&s
human performance.

BACKGROUND

The Interfacing System LOCA refers to a class of loss-of-coolant accidents in
which the high pressure boundary of the Reactor Coolant System, interfacing with
low pressure piping, is breached. A special concern is the overpressurization
of low pressure systems which may result in a rupture outside of the containment
and thus discharge reactor cuoclant to the environment. Furthermore, LOCA

event mitigation systems, such as Emergency Core Coo11n? Systems, and other
injection paths may be affected, resulting in a core melt.

ISLOCA accidents of these types, referred to as Event “V" in the Resctor Safety
Study of WASH-1400, may lead to significant radiological releases. However,
the probability and consequence OT the event are heavily dependent on plant
features, break locations and mitigating actions, and are

subject to substantial uncertainties.

Because of the risk potential and the uncertainties, NRR has established an
ISLOCA program with the following goal;

High confidence that a high consequence ISLOCA will not occur for the
present generation of reactors.

To assure that tne goal is met, the following areas will be explained:
(1) The likelihood that an ISLOCA will occur.

(2) The likelinood that core damage as a result of an ISLOCA can be prevented
' or significantly delayed with relaince on existing plant equipment,
procedures, and training.

(3) The likelihood that, in case of an ISLOCA leading to core melt, there
exist provisions of equipment, procedures, and training to minimize the
offsite radiological consequences.

The 1SLOCA program effort will include a series of audits at selectea plants,
The purpose of these audits is to obtain information that would enhance the
understanding of the various aspects and factors affecting the event frequency
and severity of an event, Information generated through the audit process

will be used as an input to develop PRA modeling of ISLOCA events, and may
provide a valuable input for future development of regulatory guidance.
Furthermore, the findings of this augit may serve as valuable input to valigate
mode)ing methodology and techniques of Human Reliability Analysis (HRA) as well
as quantification of human actions as related to ISLOCA events.



OBJECTIVES AND SCOPE

The primary objective of this audit was to gather facts and collect data on the
“AS BUILT" and "AS FOUND" plant conditions, including design festures, systems,
equipment, procedures, operatiors ard human performance as related to ISLOCA,
Specific tasks of the audit team included 1dentification of generic events or
features as related to ISLOCA, princiyal systems and their interactions,
potential initiating or precursor events, and human performance and potential
human errors,

Within the scope of the primary objective, the audit also included an assessment
uf licensee programs relevant to ISLOCA, and reviewed various licensee records
to determine what preventive, corrective and mitigation measures were in place
and 1f they were adequate. Also, that the availability of equipment and

systems important to ISLOCA 1s adequate. The audit team further observed and
identified critical elements of human factors and potential errors ( human
performance ) to prevent, detect, or recover, should an event or symptoms of an
event occur,

Five systems were selected on the basis of postulated ISLOCA initiations, event
scenario, and potential consequences. A total of twelve (12) ISLOCA events were
postulated from the five systems for audit activities. The five systems were:

Residual Heat Removal (RHR)

High Pressure Injection System (HPI)

Low Pressure Injection(LPI)/Core Deluge (CD) system
Letdown Line of Chemical and Volume Control System (CVCS)
Alternate Letdown Drain System

oo0oo0o

The licensee classified 22 Valves as category 'A' Pressure Isolation Valves (PIVs)
which interface between high and low pressure systems. An additional 8 valves,
identified by the audit team, were included in the audit on the basis of their
potential contribution to prevention, mitigation, or recovery from an ISLOCA event,

The "AS BUILT" design features were reviewed to identify the potential
inadvertent overpressurization of low pressure interfacing systems and

components by reviewing various documents and records pertinent to ISLOCA. The
"AS IS" and "AS FOUND" conditions, including human performance and human factors
such as man-machine interface, were evaluated. Also, emphasis was piaced on the
awareness of plant personnel concerning the potentials of ISLOCA and licensee
initiatives to prevent, detect, mitigate or recover from an ISLOCA event.

AVAILABILITY OF EQUIPMENT

The availability and integrity of plant equipment was evaluated to assure that
they would operate in accordance with their intended safety functions should
their services be demanded. Accordingly, the plant maintenance program was
evaluated to assure that the preventive measures, corrective maintenance, routine
work controls (including jumpers, tagging and work orders), and periodic
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surveillences were adaressed and performed effectively. Thus, the conduct

of the audit included evaluation ot station meintenance activities to ascertein
that they are performed e¢cequately ana effectively in accordance with prescribed
written procedures, and that generic problems and recurring failures of equipmenrt
were adequately adaressed in the station maintenance, Inservice Test (187), and
surveillance programs. To 2ssess the implementation of the programs, “AS

FOUND" states of the equipment were evaluated by performing “walkthroughs,"
i.e., visual inspections, witnessing of in-progress activities, use of mockups,
and "hands on" simulation. The effectiveness of the preventive and corrective
ma ntenance measures were evaluated by reviewing appropriate work records and
the performance trending of equipment.

Subjective cbservations were made to assess the accessibility of plant equipment
tor manual emergency operations. The environmental and radiological congitions
were evaluated in conjunction with the accessibility for manual operation of
system PIVs and MOVs should an ISLUCA occur and such local operations be
denanded. Surveillance and 1ST recoras were reviewed to identify the plant
vulnerability in terms of 1ikelihood of ISLOCA events or potential precurscr
events.

HUMAN PERFORMANCE

To assure plant risk is minimized, a high degree of equipment availability must
be compiemented by the ability of the plant steff to operate without the
introauction of human errors, and to detect, respond Or recover from an event,
Reliability of human performance, thus, includes familiarity of plant staff with
plant procedures and equipment, and capability ot performing routine, normal,
abnorma)l and emergency operations without introducing human errors. The conduct
of the audit focused on the extent to which the design and operation of the plant
influences human performance, relative to the identification of potential
precursor, detection, diagnosis and mitigation ot ISLOCA events.

A credible series of plant evolutions were identified un the basis of the
postulated ISLOCA scenarios, and specific operator decision-action sequences
that would contribute to the course and outcome of an event were evaluated.
Particular emphasis was placed on the awareness of ISLOCA events by piant
staff. This was evaluated by means uf interviews with plant maintenance and
.operational staff and by examination of plant personnel response to past
experience related to PIV's,

The audit was extended to @ Human Reliability Analysis (HRA), the scope of which
was limited to an evaluation of human performance during a pestulated ISLOCA event,
A standardized 1ist of variables, Performance Shaping Factors (PSF), which can
have a positive or negative influence on the correct performance of an action

was developed. This list was used to determine important human action/error.

PSFs for each human action were then assessed in terms of potential positive

or negative influence on performance. The licensee approach of system-based
mcdeling technique and their PRA-driven HRA were also reviewed.

The audit, therefore, addresses the following six areas:
o ldentification of potential human errors and human actions, as related

to ISLOCA events.
o Evaluation of human performance shaping factors

in




0 Man-machine interface (MMI), including human performence (accessibility
and environmental impact) during and after ISLOCA events.

0 Operating procedures: normal, abnormal, emergency, remote and local.

0 Training and operator knowledge.

© Connunication.

POSTULATION OF INTERFACING SYSTEM LOCA

Haddam Neck interfacing system boundaries are identified on the basis of
potential ISLOCA pathways, at which the high and low pressure interfaces are
separated by valves, operable cither manually or remotely. Thus, the RCS
1solation boundary of piping, heat exchangers, or RCS pump seals are excluded
from consideration, and only those pathways that could be overpressurized by
introducing RCS pressure, either due to inadvertent opening of valves or by
failure of valves, were considered.

Assuming such overpressurization occurs, the interfacing low pressure systems
may or may not be able to withstand the overpressurization depenaing upon the
piping system, pathway, relief capacity, and magnitude of leak rate. Thne
potential [SLOCA events at the Haddam Neck plant are therefore evaluated under
three separate categories: ISLOCA without pnysical breaks, ISLOCA with small
break, and ISLOCA with large break. Twelve potential ISLOCA events were
identified for audit review.

The ISLOCA event without physical break or damage obviously implies that the
physical integrity of the low pressure piping system would be maintained, and
leakage through the PIVs would be well within the relief capacity of the system.
In such an event, the pressure setpoint of the relief valve woulc be critical as
well as the pathway of the contaminated RCS water. Another potential concern for
this class of [SLOCA would be the cycling of the relief valve, resulting in a
pressure-induced water hammer. The RHR system and relief valve, RH-RV-715, with
a pathway leading to the Refueling Water Storage Tank (RWST) at Haddam Neck, may
constitute a potential ISLOCA of this category.

When the leak rate from the RCS exceeds the relief capacity of a given line, the
system may not be able to sustain the excess pressure, resulting in an ISLOCA
with small or large break. Again, the audit activities focused not only on

the size of the breaks but also the location of the potential breaks (inside or
outside of containment) as well as the effect of the ISLOCA.

The audit was extended to activities beyond the design base accidents so as to
evaluate the consequences of the postulated ISLOCA events and potential

safety concerns, This included awareness of ISLOCA events by site personnel,
ISLOCA preventive mechanisms or measures, programmatic weaknesses, and ISLOCA
isolation and mitigation capability., The IST program was reviewed beyond the
license conditions within the bounds of ISLOCA.

FINDINGS

The audit results were positive in those programs and activities required
under the license conditions and prescribed in the regulatory requirements,
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Also, the audit findings indicated thet the plent programs designed o &ssure
equipment and system integrity were adequate and that the plent staff exhibited
excellent knowledge ot plent operation, However, 11 was also clear that the
plent statt menbers were not fully aware of ISLOCA events or their consequence.
1t appeared that this lack of awareness 1in 1SLOCA events and consequences of
the events might have contributed to the fullowing negative finoings as related
to ISLOCA events:

POTENTIAL ISLOCA PRECURSOR EVENT

The "AS FOUND" leakace test results for two Pressure 1solation Valves (PlVs),
S1-MOV-861E and S1-CV-862B, indicated that leakege across the two velves were

1.2) gpm and 50.9 gpm respectively on ppril 6, 1986. These two valves are located
in the same discharge header, one of four, of the High Pressure Injection System
(HP1S). The tests were part of the routine surveillance program. The acceptable
leakage across these two valves (line leakage) is 1.0 gpm.

The licensee recognizec the leakages and appeared to have performed corrective
maintenance on these valves. This underscores the fact that existing
surveillance requirements have a beneficial impact on the 1ikelinooa of

1SLOCA. However, the significance of simultaneous leakage in two PIVs located
in the same discharge heager was not recognized as a breakdown in the pressure
isolation capability of these PIVs and a potential ISLOCA precursor by the
licensee. Furthermore, there was nothing in the test procedures which directed
the Lest personnel or reviewers to evaluste the leakages of 1n-series PIVs tor
1SLOCA or ISLOCA precursor.

The valve leahages appeared to have occurred during shutdown conditions because
the same twu veives successfully passed surveillances performed on January 13,
1986. The plant was coasting down for the 13th refueling outage from January 4,
1986 through February 25, 1986, and was in mode 6 from February 25 to April 26,
1986. However, should the same leakage have occurred while the reactor was at
power operations, detection of the leckage by the operators could have been
delayed because there was no pressure instrumentation on the HPI discharge
,header nor were there any overpressurization alarms locally or in the control
room. The header is equipped with a relief valve, SI1-RV-870, with a capacity
of 35 gpm at pressure 11fting setpoint of 1500 psi. The discharge water from
the relief valve is relievea to the Refueling Water Storage Tank (RWST), which
is vented directly to atmosphere. The RWST 1is without radiation detection
system or an alarm for possible RCS leakage flow.

However, according to the licensee's static analysis of the HPI discharge burst
pressure, the HPl discharge piping system would withstand RCS pressure and
temperature even though they were rated as only 1400 psi at 650° F and 1500 psi
at 350° F. The licensee's PRA evaluation of 1SLOCA indicated that the calculated
core melt frequency for the HP1 system is less than 10E-8 per year, which was
less than 3% of overall ISLOCA contribution to the core melt freguency.

CORE DELUGE LINE:

Each of two Core Deluge 1ines has one MOV (S1-MOV-871A/B) and one check valve
(S1-CV-B72A/B), which constitute the pressure bouncary interface between the
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high pressure RCS ana the LP1/CD system, The inboara MOVs are welded to their
correspunding check valve, and they are located on the reactor vessel heac,

because of their proxinity to the reactor, it is extremely difficuit, 1f not
impossible, to perform a leak test on these inboard MOVs. On the basis ot the
physical layout of the PIVs, these MOVs were exempted from normal ASME Section

XI leak test requirements of category 'A' valves. In fact, under spurious Safety
Injection Actuation Signals (SIAS? these MOVs could have been opening inadvertently
and might not nave closed completely.

The utility's own PRA study ingicated that the core deluge 1ine would be the
highest contributcr to the ISLOCA core melt trequency. On the upstream side

of core deluge valves, S1-CV-872A/B, there is @ hand-operated gate valve

inside of containment, On the basis of common cause fairlure of safety injectior
systems, the 1icensee decided to change the actuator of the valve to a motor
operated type, controliable from the Control Room, during the 1989 scheduled
outage. 1t an ISLOCA were to occur due to the failure of the core deluge valves
in series, this velve, S1-MOV-873, would be available to either minimize the loss
of coolant inventory outside containment or to confine the luss of inventory to
inside the contasinment, However, S1-MOV-873 could not be classified as a PIV
because of the pressure rating of the piping. Also, the ability to close the
valve under a high pressure gradient is questionable,

ALTERNATE LETDCWN LINE:

At the upstream side of the drain cooler common header (Z" 1ine), each RCS loop
has one motor operated gate valve on each cold leg and one hanc operated globe
valve on each hot leg. These four (4) MOVs(DK-MOV-544, 534, 521, and 507? ana
tour (4) manua! valves (DH-V-539, 529, 516, and 502) on the four (4) RCS loops
serve as the second pressure isolation boundary between the KCS and the
Alterrate Letdown Line, The other pressure interfacing PIVs are two paralle)
valves, DH-MCV-310 and DH-V-311. One of tnese two valves in conjunction with
each one of the eight valves (4 MOVs end 4 manual velves) would constitute two
pressure 1solation boundaries.

However, these eight (8) valves were not treated as PIVs. The four MOVs are
subjected to full exercise testing, but are not leak tested. The full exercise
testing includes stroke time measurement aud valve position indication. The
four hand operated valves are categorizec as passive valves by the licensee's
valve IST program and are not subjected to any testing at all., Even though the
licensee's IST program 1s in full compliance with the regulatory requirements,
performing a leak test is the best way to ensure the integrity of these pressure
isolation valves.

The Alternate Letdown system was designed to provide additional letdown capacity
of RCS water-swelling during heatup/cooldown operations, and 1s normally isolated
from RCS pressure during power operation, However, the cold leg MOV was routinely
opened for a quarterly chemistry sampling, leaving DH-M(OV-310 as the only pressure
boundary valve.




EVALUATION OF HADDAM NECK ISLOCA

Several plant characteristics and feztures were observed that were specific to
the Haddam Neck, and coulid intluence the outcome of an ISLOCA event. Some of
the positive attributes to the plant design include the Engineered Safety
Features and their layouts. The HPl system can be partiaily, or in some 1SLOCA
scenarios, totally replaced by the cherging system which is a safety-gradgea,
large capacity, ana high pressure system. The suction and discharge 1ines of
the RHR system have twu isolation MOVs in series, and the low pressure components
of the RHR system (pumps, heat exchangers) are housed in a deep pit in the
Primary Auxiliary Building (PAB). Furthermcre, al)l of the PIVs, including that
of the drain line, are located inside the containment building, and the low
pressure piping of the intertacing systems are in general lucated n the pipe
chase of the PAB.

0 Detection ot ISLOCA

Small leaks into the RHR system mey rnot be readily detectable, and even if
they are detected, it may be difficult to distinguish them from other
non-1SLOCA leaks. Small leaks in the High Pressure Injection System are
also difficult to detect due to lack of instrumentation, and may remain
undetected for a relatively long time.

Small or large breaks in the RHR pit or High and Low Pressure Injection
pump areas would be detected readily by flood alarms, and area radiation
monitors,

0 System/Pipe Integrity

For the systems which dominate ISLOCA contribution to zore melt frequency
(RHR, LP1/CD, ana HP1), it appears that the nost likely break location is
inside the containment. Furthermore, the most vital RHR equipment (i.e.,
pumps and heat exchangers) are located in a pit (sub-tloor level in PAB),
and a break in the KHR system outside of containment would be in the RHR
pit area.

The core deluge lines have a removeble spoo)l piece with flanges upstream of
the check valves. This is the 1ikely break location should an ISLOCA event
occur.

The low pressure lines which interface with high pressure piping systems are
generally locatea in pipe trenches in the Primary Auxiliary Building (PAB),
and are separated physically from other equipment and systems, minimizing
potential interactions during ISLOCA events. However, the HPl and LPI

pumps are housed 1n & common cubicle without physical separation. An

ISLOCA event involving any one of the pumps may affect all others,
incapacitating the remaining pumps under & common cause tailure.

0 Isolation Capability

A1l interfacing low pressure lines have remote isolation capability with
MOVs. However, actual closure of these velves after an ISLOCA event is
questionable due to uncertainty ot their capability to close under & high
pressure gredient. The planned installation of an additional MOV on the
low pressure deluge line may provide acditional assurance ot this 1ines
isolation.
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The RHR suction (MOV-781) and discharge (MOV-803) valves are easily accessible
énc mey be closed manually, if a containment entry is possible, during an
1SLOCA event with 2 release outside of containment,

Kediation Release

The PAB is relatively small with many pathways, directly to the outside
environment. The structural walls at the second level have mininal pressure
retention potential, and may give in to a minimal steam pressure from an
I1SLOCA. The building has a limited fire spray system, initiated by high area
temperature, which may not exist auring an event 'V', The fire spray system
nay provide scrubbing action to 1imit the oftsite release.

The RHR pit may provide a means to reduce the fission product release, if
the break 1s in that general location. The accumulated water in the pit
may provide beneficial scrubbing of fission products.

HUMAN PERFORMANCE: HUMAN FACTORS ENGINEERING

¢

Man-Machine Interface (MM1)

Information necessary to detect pressurization of the High Pressure
Safety Injection system is not aveilable in the control room. Also, a
nunber of plant parameters, such as trend recording of Reactor Water
Storage Tank (RWST) level, which might signal open relief valves in
interfacing systems were not displayed in the control room,

Emergency Operating Procedures

The "Response Not Obtained" (RNO) entries for an ISLOCA-related EOP step
may not be feasible due to the inaccessiblity of the specifiea valves.
Alsu, verbatim execution of the EOPs could initiate an ISLOCA event,

The specific finding of this audit involves the operator incorrectly
cycling open the core aeluge valves following an inadvertent safety
injection signal.

Communications
Two aspects ot the communications system could be improved to optimize
operator performance during an ISLOCA event: formalization of procedures

for transmitting information to and frum the contrel room and provision of
hand-hela radio transceivers for use within containment,
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o Training
The set of cx\sting training scenarios does not include an ISLOCA event,
s

ano the sinulator not capable of simulating most of the plant congitions
typical of most ISLOCA events.

HUMAN PERFORMANCE: HUMAN RELIABLITY ANALYSIS (HRA)

A human reliability evaluation was perforned to provide insight into the
prevention/mitigation of ISLOCA in terms of human actions/errors. A
number of valuable qualitative evaluations were accomplished., These
include the identification of human actions/errors relevant to ISLOCA,
and determination and assessment of relevant performance shaping tactors
(PSFs) for the icentified actions/errors,

0 Identitication of Human Actions/Errors

Specific actions/errors were identified and described in terms of systen-
based accident scenarios in which human actions played a major role. Four
scenarios associated with luw pressure njection/core deluge, three
scenarios each associated with residual heat removal suction end injection,
and four scenarios associated with high pressure njection were identified
and defined in terms of human actions, Actions/errors 1dentified in the
scenar10s were tound to group intc four important categories. These
categories are: 1) operator-inauced initiators, 2) operator actions as
precursors, 3) maintenance actions as precursors, and 4) operator miti-
gation or aggravation; relevant to ISLOCA.

0 tvaluation of Performance Shaping Factors

PSF determinations and assessments are reportec in a PSF ISLOCA scenario
matrix format for ISLOCA events., This matrix allows identification and
comparison of PSF against human action in the contexts of the ISLOCA
scenarios in relation to assessments of positive or negative influences
on human performance and reliability.

Preliminary findings suggest that:

- PSFs are generally positive for 1SLOCA relevant actions that
typically appear in other plant evolutions (not related to ISLOCA).

- PSFs are generally negative for cetection/diagnosis of ISLOCA
situations, particularly for HPI.

- The PSF “psychologica)l stress" has potential negative influence on

human reliability tollowing a safety injection signal, or n off-
normal situations.
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- Personnel all appear to be sensitive to the importance of good
communication. The PSF for communication is therefore generally
positive. However, there are not enough physical lines of
communication into the control room under certain complex ISLOCA
emergency situstions.

- This human relfability evaluation approach provides insight into
prevention/mitigation of ISLOCA (e.g., identifyina important actions
and pinpointing PSFs which can reasonably be assumed to have a
negative influence on reliability).

CONCLUSION

0 The Audit team did not identify any regulatory issues.

0 The NRC audit team's conclusion is that plant staff and operations were
not fully aware of potential ISLOCA events nor understood their consequences.
This unewareness could contribute to @ lack of readiness in preventive,
corrective, and mitigative measures of ISLOCA events.,

0 The NRC team concluded that within the scope of ISLOCA the licensee's
prugrams, in general, are adequate but that there is some room for
improvements in the maintenance program, EOPs, control room instrumentation,
and treining.

0 The IST program is in full compliance with the regulatory requirements.
However, there is no ISLOCA consideration incorporated into the program.

0 It was concluded that the plant design 1s somewhat unique and atypical from
an ISLOCA point of view due to its redundant HPI/Charging systems, type and
location of the PIVs, and the RHR pit arrangements.

0 The final 1ist of 18 PSFs had been made for Haddam Neck. This list may
vary from plant to plant. However, after three or four visits, it should
be possible to determine a generic list.

This audit is part of a longer integrated effort to examine the ISLOCA issue.
Further auaits, as well as a balanced research program, will be conducted to
make the final determination of the safety significance of ISLOCA.
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2.0

Audit Scope
2.1 Objective

2.2

The objectives were fdentification and collection of ISLOCA-related
plant data, and “AS BUILT" and “"AS FOUND" conditions. This information
will provide & basis for subsequent evaluation of generic vulnerability
of PWR ISLOCA events. The availability of plant features and human
performance were evaluated tu assure the plant's readiness and
effectiveness to prevent or mitigate 1SLOCA events,

Audit Mcthodolqu

The audit methodology employed a two step approach, the first of which
was selecting the i1tems to be audited. The second was the audit
or review rationale.

2.2.1 Audit [tems

The identification and selection of items which comprise the
audit scope were based on the pathways of the RCS water from
the high pressure primary system inside the containment to the
other systems at lower pressures outside containment., Audit
activities also included the identification of the failure
modes in these leak pathways that could lead to release of the
primary inventory to the outside environment.

On the hasis of reviews of pertinent documents, inciuding the
Connecticut Yankee Probabilistic Safety Study (Appcndix A) and
the Haddam Neck System Descriptions (Appendix A), the following
five systems were selected:

RHR Systems

High Pressure Injection System

Low Pressure Injecticn and Core Deluge System
Chemical and Volume Control System

Alternate Letdown (Drain) Line

OoO0o0ocoO0OO©

The high and low pressure systems were typically separated by

a combination of two valves 1n series (two MOVs or one MOV and

one check valve). The licensee's IST program identified twenty-two
(22) PIVs. The audit team included an additional efght (8)

valves for review. The isolation boundaries of piping, heat
exchangers, and pump seals were not included in the audit on

the basis of the licensee's PRA study results, and plant design

and operational considerations.

Twelve (12) postulated ISLOCA events and potential leak pathways
were fdentified involving the above five (5) systems. These
postulated accident sequences provide insights to the potential
event precursors and the mitigating system responses as well as
human actions to successfully cope with the events. From this,
specific system components (check valves or MOVs) which are
required to operate; 1.e., be available for system success were
identified. The identiffed valves are:



2.2.2

bl

c.

d.

RH-MOV-780 and RH-MJV-781 in the RHR Suction line:

The RHR pumps take a suction from the RCS loop 1 hot leg. The
Inboard and outboard PIVs are RH-MOV-780 RH-MOV-781 respectively.

RH-MOV-804, 803 1n RKR/LPI Injection line:

The Inboard and Outboard PIVs on the loop 2 cold leg injection line
are RH-MOV-804 and 803 respectively.

SI1-MOV-871A; B871B and S1-Cv-872A, 8728 in the Core Deluge Lines:

Two parallel trains with Inboard Isolation valves, SI-NOV-871A/B, and
Outboard Isolation check valves, SI-CV-872A/B.

High Pressure Injection Valves:

Four (4) parallel trains, which each consist of one Inboard MOV
(SI-MOV-861A/B/C/D) and one Outboard check valve (SI-CV-862A/8/C/D).

Valves in Letdown Line:

Tnree parallel flow control valves, LD-AOV-202, 203, 204, coupled
with two PIVs, LD-MOV-200 and LD-AQV-230.

Drain Line Valves:

Two parallel Outboard PIVs, DH-MOV-310 and DH-V-311, ard four (4)
cold leg isolation valves, DH-MOV-507, 521, 534, ana 544. Four (4)
Inboard hot leg isolation valves, DH-V-502, 516, 529, and 539. The
four (4) manual valves and four (4) cold leg isolation MOVs are not
classified as PIVs,

Audit Rationale

The audit activities focused on licensee programs and activities that
assure, or contribute to the availability of the equipment required to
prevent or mitigate ISLOCA. Human performance and the ability of

the station staff to effectively perform routine, reactive, or recovery

actions to mitigate the ISLOCA were reviewed. A summary of the audit

rationale is presented in figure 1.

Equipment availability is the ability of equipment to function when

called upon to do so. Component and systems integrity must be maintained
in order %o respond to demand. This may be affected by aging, environment,
operational time-cycles, surveillances and maintenance activities.
Therefore, qualitative observations and reviews were made to evaluate the
availability and integrity of equipment.






Human actions and associated potential human errors were reviewed as well
as factors which could affect human actions or potential human errors.
Qualitative and subjective evaluations were included in the audit activity
to determine Performance Shaping Factors (PSFs) which were relevant to the
ISLOCA-related human actions.

2.2.2.1 Equipment Availability

The availability (operability) of plant equipment relevant to
the ISLOCA events was evaluated. Also, those plant activities
which contribute to, or verify equipment availability, relevant
to the ISLOCA events were evaluated for effectiveness.

The following items were included in the audit to evaluate
equipment availability:

Preventive and corrective maintenance, and trending
Return-to-service and post-maintenance testing
Surveillance testing and records

Accessibility of the equipment

Alternate and emergency operability

Visual inspections

Component cooling, electrical supports, and ventilation
Environmental qualification and fire protection

1aC and calibration

Procedures: normal, abnormal, alarm, and emergency
Inservice Testing

cocoCcoOooo0oO00OO0CO

The trenaing of equipment repairs included qualitative evaluation
of maintenance and surveillance records, predictive maintenance
activity, and engineering evaluation (1.e., burst pressure of
pipes, calculated MOV torque values). Environmental effect
evaluations were based on qualitative observations of adequacy

of cooling, room humidity and temperature effects, and possible
manual operations of MOVs inside containment during an ISLOCA
situation. The equipment operability evaluation included
demonstration of local operations, accessibility of the equipment
and emergency lighting.

2.2.2.2 Human Performance

Operationa] readiness and the effective human performance were
evaluated on the basis of the ability of the plant staff to
detect, respond, and recover from the ISLOCA events. The factors
affecting human performance were documentad.



2.3

2.4

The following items were included in the audit to evaluate Human Performance:

Adequacy and availability of procedures

Completeness of information and procedures

Demonstration of equipment operability, manual and remote
"Hands-on" simulation of operations

Test witnessing

Operator interviews and system walk-through

Training and qualification

Operator alertness and human factors engineering
Potential human errors and performance shaping factors
Awareness of the ISLOCA events.

Man-machine interactions and communication during ISLOCA
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Other Aspects

The potential for a common mode failure and its root-cause was considered.
Programmatic aspects of plant activities were evaluated in terms of
effectiveness of the administrative controls and QA/QC, 1.e., housekeeping,
documentation, tagging, and onsite review processes of activities related to
the ISLOCA events.

The licensee responses to NRC findings were also reviewed for technical
aedequacy and promptness. Utility initiatives were verified to assess
their impacts on the quality of station activities, particularly those
related to procedures and human performance.

The utility's inftiatives on their Probabilistic Risk Assessment (PRA) study
and the relevant Human Reliability Analysis (HRA) were reviewed for their
roles in plant operations, design, and modifications. Particuiarly, the
PRA/HRA modeling methodology as well as plant risk and the consequences of
the ISLOCA events were discussed with the licensee's PRA/HRA specialists.

Records

It was desirable to review as many records as possible, particularily for
corrective maintenance activities and trend evaluation of component repair
and wear. However, the team was not able to review all the records for the
past 20 years, and the audit activities were, in general, limited to the
last five (5) years. The plant records reviewed include:

Surveillance Test records

Preventive maintenance records

Corrective work orders

Post-maintenance and functional test records

Selected plant modification packages, including 10CFR50.59 review
records

Computer records (Production Maintenance Management System or PMMS)

coOeCecQCco
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Other supporting documents were reviewed to achieve the audit objectives.
They include:

Plant Piping and Instrument Drawings (P&ID)
Connecticut Yankee Probabilistic Safety Study
System Descriptions

Plant "Q" listing

:gg&icable Licensee Event Reports (LERs)
Station Administrative Control Procedures
Haddam Neck Technical Specifications

cooocoo0oo0o0o0

3.0 Summery of Findings

The major findings of the audit are summarized here for each of the
interfacing systems. Numerous aspects of the various design features and
operating practices as related to ISLOCA were examined in detail. The
findings may be classified according to their specific roles in a potential
overpressurization event, It 1s noted that physical location of equipment,
operating practices, and/or different safety related requirements may lead
to design arrangomonts that could result 1n an I3LOCA ?1ven particular
circumstances. The licensee's present program, especially the probabilistic
risk analysis area, recognizes these potential weaknesses, and proposals
for design changes and improvemerts are being pursued and investigated.

3.1 High-Low Pressure Interfacing Systems

2.l el Residua] Heat Remova! System

1. Detection capability

0 Small leaks into the Residual Heat Removal (RHR)
system discharge piping through RH-MOV-803,804 or
780,781 are readily detectable if the discharge
pressure indicator is perifodically monitored. The
discharge relief valve would relieve excess pressure
to the Refueling Water Storage Tank (RWST), but its
relief actuation opening is not indicated to contro!
room operators and water level changes in the RWST may
not be readily detectable. Also the cycling of the
r:}ief valve may damage the piping due to water hammer
effects.

0 Flood detectors would indicate any substantial water
accumulation inside the RHR pump pit area. Radiation
monitors are also installed inside the pit as well as
in the Primary Auxiliary Building (PAB) to detect any
radioactivity release.

2. System integrity

0 The 1ikely break locations of the low pressure RHK
piping system is either inside the containment (pipe
break? or in the RHR pump pit area (pump seals or heat
exchangers) .



RER piping outside containment 15 locatec in the gipc
chese of the PAB, Other vita) Emergency Core Cooling
S{s:om (ECCS) equipment 1s separstec trom the KHR
piping.

3. Isoletion capabiiity

Y

1solation valves (RH«MOV-781 ang 804) inside the
conteinment are easily accessible. Manua) operation
of these valves may be achieved unger 1SLOCA conditions.

4, Mitigation capability/cunsequences

0

Potential break locations and water inventory luss
are rot addressed in the emergency operating procedures,

Given & break due to an ISLOCA in the RHR pit aree,
potentie) "ad hoc" recirculation mey be feesible using
the accumuleted water in the pump pit,

The RKR pump pit mey provice important scrubbing
effects reducing the fission product release.

3.1.2 High Pressure Injection System

1. Detection capability

0

0

Leak detection or monitoring instrumentetion 1§ ng
aveilable for smell leaks from the Reactor Coolant
System (RCS) into the High Pressure lnioction gischarge
1ine. The uyening ot the wischarge relief valve anag
the consequent smell release into the RWST cannot

be oirectly detected. Indirect indications such &
increased cherging would be the primary means of
getection,

Flood cetectors are installeo \n the WPl pump pit area.

2. System integrity

0

The structural integrity of the KPl piping could
remein intact upon a slow overpressurization event due
to its design margin,

The most 11kely pipe break locations appear tu be
1nsige the containment or in the pipe chase area of
the PAB,

3. lsolation capability

0

The Safety lujection (S1) stop valves are located
insig¢ the conternment and even though access 1§
relatively difficult, manual operation of the valves
may be teasible,

)



3.1.3

Mitigation capability/consequences

0

The physicelly separated charging * stem cen be used
as & backup system for the WPl syst.m 1f the WPl
system is not available or disablec.

Physical separetion between the HP1 and LP] system
components 15 not provided in the HPI/LPl pump ares
with potential spatiel interactions.

Low Pressure Injection/Core Deluge Systen

1.

Detection capebility

0

Small leaks are detectable using the RHR discharge
pressure indicator,

Flood detectors may indicete a substantial relesse in
the LPl pump pit area.

Radration monitors woulc indicate any racioectivity
release 1nside the PAB,

System integrity

0

Most 11kely break locations are insice the containmert,
especially at the rencvable spool prece on each
injection line.

Potential breck locations inside the PAB are likely &t
or near the LPI pump pit,

Isolation capability

0

The core deluge valves, S1-MOV-B71A end ¢ are
inaccessible for manual operations,

The low pressure rated isolation valve, S1-MOV-B73 1s
gesily accessible and mey be manually operated 1a an
emergency.

Mitigation cepability/consequences

0

There 1s no physical separation provided between the
LPI/HP1 components i1 the pump pit with potential
spatia) effects given an ISLOCA in the genera
location,

The core deluge isolation MOVs (SI-MOV-E71A, B) are
not leak tested to insure valve integrity.

No pressure interlocks or administrative controls are
availeble to prevent opening of these isolation valves.

10
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3.1.5

down Sys
1. Detection capability

0 Flow and temperature instrumentation 1s svailable %o
indicate overpressurization,

© Volume Contro) Tank (VCT) level 15 monitored indicating
¢ direct release through the letdown relief valves,

2. System integrity
0 The low pressure portion of the letdown piqing is
located in the pipe chase of the PAB. Any likely break
would not directly affect any ECCS equipment,
3. Isolation capability
0 Two high pressure rated isoletion valves are avaflabls
with diverse power sources. One is motor operated and
the other 1s air controlled with a back-up air supply
bottle.
4, Mitigation capability/consequences

0 No major damage 1s expected to any of the ECCS
equipment given an ISLOCA event in the letdown system,

Alternate Letdown System
1. Detection cepability

[ Pressure and temperature indicatiuns are available %o

diagnose the conditions of the drain line before and after

the drein 1solation valve, DH-MOV-310,
2. System integrity
0 A large capacity relfef valve is installed on the
alternate letdown line inside the containment dis-
charging to the sump.

© The most 1ikely break locations are inside containment
&t or near the relief valve,

0 Outside the containment, the potential break locations
are in the pipe chase area or inside the RHR pump pit,

3. Isolation capabiiity

0 Two low pressure rated containment fsolation velves
are aveilable to isolate the drain line.

0 The drain fsolation valve, DH-MOV-310, 1s accessible
for manual operations 1f the break is outside the
containment.

il



4. Mitigation capabi)ity/consequences

(4 No major damage 1S expected to occur to the high
pressure injection portion of the ECCS given an ISLOCA
event in the alternate letdown system. However, the
RHR pumps may be affected 1f the break location 15 at
or near the Primary Drain Tank,

3.2 Yalve and System Integrity

3.2.1

n;‘nggn!ngg P:ggrgm

The team's audit of the maintenance program was concentrated in
several areas as related o ISLOCA., These were: predictive

me intenance, preventive maintenance, corrective maintenance,
and post-maintenance testing.

0 It was found that the licensee presently hes no predictive
maintenance program in place. They are, however,
developing this area and plan to 1nftiate & preaictive
maintenance program in Januvary 1950,

0 The licensee's preventive maintenance program appears
adequate. Planning, scheduling, and coordination of
maintenance activities are controlled well, Power
operated pressure i1solatior valves receive periodic
preventive maintenance as well as special MOVATS testing.
Leakage deta for these valves show a pattern of historica)
leak tight integrity which can be directly attributed to
yood preventive maintenance.

0 Corrective maintenance 1s also generally soequate, but may
need improvement 1n one area. Safety injection check
velve S1-Cv-862B (discussed in Section 5.2 of this report
as & contributor to a potential ISLOCA precursor in April
1986) has had :1¥n1ficnnt internal rework performed in
1986 and 1587, The valve has failed numerous leak tests
and was recommended to be replaced in 1587, However, as
of the date of this &udit the maintenance department had
no plans to replace tnis valve., It is felt that improved
oversight in the area of maintenance trending and
replacement of problematic components 1s therefore
warranted.

0 Post-mafntenance testing was found to be adequately
performed and administered., Retests/functional
verification tests are required following maintenance on
any Quality-Related system, structure, or component. This
includes the pressure 1solation valves of interest to this
audit,

3.2.2 JST Program

Upon reviewing the HacCdam Neck Valve IST Program, the NRC audit team
fdentified the following findings:

12



3.2.3

3.2.4

3.2.8

0 Leak testing cannot be performed on core deluge valves
S1-MOV-871A and 8718 due to configuration and location,
The licensee has been granted relief for this,

0 Eight (8) valves on the alternate letdown line are not
being leak tested even though these valves can be considered
a5 being the inboard pressure 1solation valve.

0 Valve SI-MOV-873 is presently a hand operated valve but
will be changed to mctor actuation during the 1989 outage. This
change in valve actuation will be very useful as & MOV to
mitigate the consequences on an ISLOCA

0 A1l other appropriate valves have been identified as PIVs and
are tested in accordance with ASME Section X1, Subsection INWV.

Surveillance Program

Upon reviewing the Haddam Neck Surveillance Program, the NRC
audit team fdentified the following findings:

0 In general, the procedures were well written and technically
adequate to perform their intended function,

0 All 1dentified failures within the surveillance program
were given immediate attention; 1.e., corrective mainten-
ance, post-maintenance functional testing.

0 The licensee 1s not routinely performing internal visual
examination of any check valves in the HPl and core deluve
header for degradation. The need for this 1s exemplified
by the fact that valve SI-CV-E72B was identified as having
& worn hinge mechanism and under those circumstances would
not function as a Plv.

1&C Program

The 14C Program, with respect to the implementation of controls
for the motor operated pressure i1solation valves of interest to
this audit, was found to be adequate. The team reviewed the
Ticensee's control of MOV torque switch bypasses, and settings
for torque and position limit switches for the Pivs of interest.
It was found that they were set correctly to allow proper valve
operation with maximum differential pressures expected on these
val:es during both normal and abnormal events within design
basis.

Administrative Controls

The licensee's overall program for administrative control of the
maintenance and surveillance activities appears to be good
within the audit scope of ISLOCA events. Some of the positive
findings include:

13



New equipment tagging program is being implemented.

Procedure rewrite program 1s in place.

Housekeeping 1s excellent,

Temporary procedure changes and open item tracking system
are well coordinatec and implementec.

HUMAN PERFORMANCE

3.3.1 Huvman Factors Engineering

0

Man-Machine interface (MMI)

The relatively small size of the control room, in con-
Junction with system grouping and the use of mimics in

panel layouts, provides controi room operators with &
satisfectory men-machine interface. The control room wes
ouiet and conducive to ettective voice communications. It
wes noted that there were very tew "norme)ly on" annunciators
1 the contro) roon (“dark board") which contributec to 2
genera) impression of stability and control,

However, information necessary for eerly cetection of an
1SLOCA precursor conaition in the HPl system was not
available in the control room, There was no instrumentation
in the HP1 system for pressure, tempersture or flow
indication. As a result, the operators woula heve to rely
on secondary indications, such as RWST level, L0 detect an
1SLOCA precursor. This was not specificelly addressed n
the cperating procedures, Furthermore, & number of plant
parameter ingications, such as trend recording o1 KWST
level, which might signa)l the operator that an ISLOCA was
evolving, are not displayed in the control room. These
instruments are outside the control room, This may result
in an increase in operator worklosd and additional coordination
and communications requirements, Similarly, the sbsence of
available pane) space appeared to have prevented new

equipment from bLeiry properly integrated with existing
components.




Operating and Maintenance Procedures

In general, the Haddam Neck o?crotin procedures were

well designed. They are complete, clearly written and

we'l organized, and employ good layout and highlighting
technigues, such as bold face and 1talics to enphasize
important information, and boxed text for caution state-
ments. The Emergency 6pcrlt1n9 Procedures (EOP) cevelopment
and valigation process includes iterative reviews by
operations and training personnel, and formal feedback from
simulation exercises. The EOP writer's guice was conside-
red representative of the current state of practice in the
inoustry.

The following conditions were identified:

8. For most ISLOCA scenarios, 1t s expected that the
introduction of RCS pressure into the low pressure
system will cause the 2ssociated reliet valve Lo
111t and vent to the RWST. An increese in RWST
level may, therefore, be one of the first indications
¢t en 1SLOCA event, Despite the disgnostic value of
RWST level, EOP E.0, ¢id not direct the operator
to check for & change 'n RWST level, nor did it
explicitly refer to the possibility of an ISLOCA,
Similerly, EOP ES-1.3, aic not specify the signifi-
cance of the absence of the expected water level in
the containment sump as an indication of a potential
ISLOCA. ECA 1.2,

b. With regard to the feasibility ot requirea operator
sctions, in at least two instances, the “"Response Not
Obtained" (RNO) entries for & step directed the
operator to manuelly operate velves that may not be
eccessible auring en ISLOCA event. The RNO entries
for EOP ECA 1.2, oirect the operator to manually close
valves that are located close to the reactor coolant
loop RHR penetrations. Under ISLOCA conditions,
manua) operation ot these valves may not be feasible.

15
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d.

In one instance, verbatim execution of the ux1st1ng
EOPS could exacerbate an evolving ISLOCA event. ECA
1.2, (Rev 1, 6/3/88), step l.¢c, directs the operator
to cycle the core dciuoo valves SI1-MOV-871 A and B.
Although the procedure directs the operator to monitor
for reactor coolant system pressure chinge, the RNO
for this step does not indicate the s!gn ficance of &
RCS pressure change as an indication of a potential
ISLOCA precursor condition. As 1t 1s currently
written, the procedure could inadvertently allow

the operator to establish a ISLOCA precursor by
cycling the MOV and leaving 1t in the open position,

The Haddem Neck £0Ps contain numerous requirements for
aux operators (AOs) to support contro)l room operators
during emergency conditions. For example, in an
ISLOCA event 1nvolv1ng SI initiation, fatlure of

one or more of the RHR loop 1solatfon valves, and

an RWST alarm in the PAB, 1t 1s conceivable that

four AOs would be required to perform the EOPs.

Several EOPs which are intended to accommodate I5LOCA
are in the draft stege; however, these procedures were
not in place at the time of the audit,

Electrical anc mechanica! meintenance procedures

for the repair of RHR and SI MOV were well written
using good human factors, practices and guidelines.
They are arranged by logical action and verification
steps that should enhance user comprehensibility and
assure that the objective of the task 1s achieved,
Cautfon and warning statements were highlighted,
accurate, and did not contain action steps. Illustra-
tions included in these procedures are accurate, clear
and are gencrally located with applicable action
steps. The vocabulary and ebbreviations, acronyms and
symbols used are consistent with plant standerds,
These are important to assure accurate ECCS valve
maintenance, and should contribute to the prevention
or mitigation of an ISLOCA.

Communications

In general, the conmunications procedures and equipment

are good. The control room is relatfvely small and gquiet.

This 1s conducive to effective voice communications. The
public address and telephone systems were found adequate.
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The telephone equipment is the primary mode of communication
between control room operators and AC during a postulated
ISLOCA event, Two aspects of the communications system
which could be improves involve formalization of procedures
for transmitting information to and from the control room
and provision for hand-held radio transceivers for use
within containment,

ADs reported that they do not routinely repeat back
instructions recefved from control room operators, nor

do they routinely write down component nunbers and other
difficult-to-recall information. However, the stated
policy of the control room operators was to limit AQs
actions to & maximum of two per instruction. Also
pertinent portions of selected procedures were ava‘lable ¢
A0s fcr sequences involving extended component 1ists.

In terms of providing hand-held radio transceivers for

use within contatnment, 1t was determined that the location
of telephones relative to probable operator locations
within containment during postulated ISLOCA scenarios might
require the operator to repeatedly transit between the
valve location and the telephone which may be a distance of
approximetely 50 feet. This situation may unnecessarily
contributes to operator workload and may increase the
probability of error,

Training

In general, the operator training program in place at
Haddam Neck was determined to be adequate. The use of
frequent and extensive simulation exercises utilizing
a high-fidelity plant sgocif1c simulator and emphasis
on problem solving nkills were determinea to adequately
prepare operators to manage design basis events,

However, the simulator was not capable of simulating most
ISLOCA events, and the plant models utilized by the simulator
are incapable of simulating a failed ECCS check valve. In
addition, there are currently no scenarios in the simulator
training program which contain reactor coolant leaks which
are large enough to require operators to inmitiate EOP ECA

1.2 "LOCA Qutside Containment",

17



3.3.2

AUs recefve @ minimum of one day of simulator training

per training cycle. This treining emphasizes team coordina-
tion and communications between control room operators and
ADs during simu'ated emergency conditions. This finding

was considered to be a positive feature of Haddam Neck
operational practices which should reduce the likelthood of
communications problems between control room operators and
ADs during a postulated ISLOCA event,

Feedback to the training staff on operating experience
lessons learned was incorporated into applicable portions
of the training progrcn. However, information about plant
behavior, such as ISLOCAs were not reflected.in the program,

Identification of Human Errors

One focus of the eudit was & humen reliability evaluation
relevent to ISLOCA. The overall goal of the human reliability
evaluation is to provide fnsight into mitigation/prevention

of ISLOCA 1n terms of human actions. Two humen reliability
evaluations of & qualitative nature were performed:

1) 1dentification of important human actions relevant to ISLOCA,
end 2) determination and assessment of performarce shaping
factors, that 1s, positive or negative influence on humdn
performance for the 1dentified actions (see Section 3.3.3).

The human relfability section for ISLOCA for the Kaddam Neck

PRA waz reviewed, Human actions were described in terms of

systems related ISLOCA scenarios. These scenarios were developed
with focus on human actions to support humen relfability evaluation,
Four scenarios associated with fow pressure injection/core

deluge, three scenarios associated with residual hea®t removal
suction, three associated with RMR injection, and four associated
with high pressure injection were fdentified.

humen actions fdentified and described 1n the scenarios were
grouped into four categories. These are:

1) Human inftietors. (e.g., Operator opens & MOV, & leaky
MOV/check valve already exists).

2) MHuman actions which are ifmmediate precursors. (e.g., Operator
improperly executes valve line up or fails to return valve
to normal position following testing, in series with a
second Teaky/failed valve).

3) Human actions during repair which can compromise equipment,
(e.g., Maintenance department installing wrong part or
miswiring).

4) Human actions related to mitigation or aggravation, (e.g.,
Operator fails to detect ISLOCA or mekes improper diagnosis).
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3.3.3 Performance Shaping Factors

Performance sheping tectors (PSFs) are varisbies which can heve &
positive or negative influence on the correct performance of an
action by an individusl or individuals 1n the context of human
reliability. A standardized list of 22 PSFs, representing PSFs
currently evaluated in HRA, were developea by the teem prior to the
Haddam Neck plant visit, This 1ist was used to determine specifically
which PSFs have potentisily inportant impact on each human action
j0ent1tied and described in the 1SLOCA human reliability sequences.
PSFs determined for each i1oentified human action were then assessec
in terms of potential positive or negative infiuence on performance
of action in regard to human rellabiiity.

Deta collection at the plant resulted in relevent information and
specific patterns aiscernible in the matrix that wes developed.
Preliminary fingings suggested incluced:

(4 PSFs are generally positive tor ISLOCA relevant sctions that
typically appear in other plant evolutions.

¢ PSFs are generally negative for detection/diagnosis ot 1SLOCA
situetions, particularly for HPI.

0 The PSF "psychologica) stress" has potential negative intluence
on human reliebility tollowing & satety injection signal.

0 Personne) al) appear to be sensitive to the importance of good
comunication. The PSF for communication 1s theretore generally
positive. However, there may not be enough physicel lires of
communication into the control room, which may result in a
negative nfluence.

0 The human reliability evaluation spproach followes provides
insight into prevention/mitigation of ISLOCA (e.g., identifyir;
' important actions and pinpointing PSFs which can reasonably be
assumed 1o have a negetive influence on reliability).

3.4 AWARENESS OF ISLOCA

The au¢it findings, in general, indicated that the plant programs designed

10 assure equipment ana system integrity were adequate and that the plant
staff exhibited excellent knowledge of plant operation, However, it was

a1s0 clear that the plant staff members were not fully aware of 1SLOCA evenis
or their corsequence. It appeared that this leck of awareness in 1SLOCA
events and consequerces uf the events might have contributed to the

tollowing negative findings as related to ISLOCA events:

3.4.1 POTENTIAL 1SLOCA PRECURSOR EVENT

The "AS FOUND" leskage test results tor two Pressure lsolation Valves (P1Vs),
$1-MOV-B61b an¢ S1-CV-B62B, ircicatec that leakage across the two valves were
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1.2) gpm ano 50.9 gpm, respectively on April 6, 1986. These two vaives are
located in the seme discharge hescer, one of four, of the High Pressure Injection
System (HP1S). The tests were part of the routine surveillance program. The
scceptabie leshage across these two velves (1wne leakege) 1s 1.0 gpm,

The licensee recognized the leskeges and appeared to heve performed corrective
maintenance on these valves. This uncerscores the beneficial effect of
ex1sting surveillance requirements in controlling ISLOCA frequency. However,
the significence of the simuitaneous failure of two PlVs located in the same
discharge header wes not recognized as @ breskaown 1n the pressure isolation
capebility of these PiVs and @ potential 1SLOCA precursur by the licensee.
Furthermore, there was nothing in the test procedures which girected the test
personne]l or reviewers to eveluate the leakages of in-series P1Vs for 1SLOCA
or 1SLOCA presursor.

The velve leakages appeared to have occurred ouring shutdown conditions because
the same two vaives successfully passec surveillences performed on January 13,
1986, The plant was coesting down to the thirteenth rcfueX\ng outage trom
January 4, 1986 through February 25, 1986, and wes in mode & from February &
to April 26, 198€. However, should the same leakge heve occurred while the
reactor wes at puwer operations, detection of the leakage by the operators
wou g probebly heve been delayed because there was Nno pressure irnstrumentation
on the HP1 discharge header ror were there any overpressurization alarms locally
or in the control room.

3.4.2 CORE DELUGE LINE

fech of two Core Deluge Lines hes one MOV (S1-MOV-B71A/B) and one check valve
(S1-CV-872A/B), which constitute the pressure bouncary interface between the
high pressure RCS ang the LPL/CD system. The inboard MOVs are welded to their
correspoiiaing check valve, and they ere located on the resctor vessel head,
Beceuse uf their proximity to the reactor, 11 1% extremely a1fficult, 1f not
impossible, to perforn & leak test on these inboard MOVs. On the basis of the
physice| layout of the PIVs, these MOVs were exenpted from normal ASME Section

M lesk test reguirements of category 'A' valves. In tact, under spurious Safety
Injection Actuation Signeis (SlAS?. these MOVs could have beer opening inadver-
tently and might not have closec conpletely.

3.4.3 ALTERNATE LETDOWN LINE:

At the upstream sige ot the arain cooler common header (2 inch lwne), each RCS
loop has one motor operated gate valve on each colc leg and one hanc operated
globe valve on each hot leg. These four (4) MOVs (DH-MOV-544, £34, 521, and

507) and four (4) manual valves (DH-v-539, 529, 516, and 502) on the tour (&)

KCS loops serve &s the second pressure 1solation boundary between the K(S and
the Alternsie Letdown Line. The other pressure interfacing PIVs are two parallel
valves, DH-MOV-310 and DH-V-311. Ore of these two valves in conunction with
each one of the eight valves (4 MOVs and 4 manua) valves) woula constitute two
pressure isulation boundaries.

However, these eight (8) valves were not treeted as PlVs. The tour MOVs are
subjected to full exercise testing, but are not leak tested. The tull exercise
testing incluoes stroke time measurement and velve pesition indication. Further-
more this cold leg MOV was routinely cpened for & quarterly chemistry sampling,
leaving DK-MOV-310 as the only PIV in the line.

20



4.0 High-Low Pressure Interfacing Systems

4.1

Resioua] Heat Removal System

¢.1.1 Systen Description

The Residue) Heat Removal (RHR) system is part of the Emergency
Core Cooling System (ECCS) providing Heat removal capability
during normal cooldown or shutdown operations and in the
recirculation phase of @ postulated Loss-of-Coolant accident
(LOCA). The RHR system consists of two pumps, two heat exchangers,
fsclation valves on the suction and discharge 1ines and associeted
piping, instrumentation and control (see Figure 4.1).

For normal cooldown or shutdown operations, the RHR pumps take
suction from the loop 1 hot leg through two motor operated

valves exchangers to the loop 2 cold leg through RH-MOV-803 and
804. During normal plant operations RHR is &ligned for standby
ECCS operations. All isolation valves (RH-MOV-780, 781, 803, and
804) are closed &nd service water 15 aligned to the secondery
side of the RHR heat exchangers.

In the injection phase of ECCS operations, the RHK system is
passive and injection flow is provided by the Low Pressure
Injection pumps. In the recirculation phase, the KHR system is
used to remove residual heat from the reactor core via the RHR
heat exchangers and return the recirculatec water to the
Reactor Coolant System (RCS) through the core deluge valves,
SI-MOV-871A and 8718,

The piping of the RHR system 1s designed for 600 psig and €50 F,
which 1s lower than the normal operating pressure of the RCS at
2000 psig. The high pressure RCS, designed for 2500 psig and
650 F, 1s separated from the low pressure RHR piping by two
isolation valves on each interfacing line, i1.e., RH-MOV-780 and
781 on the suction 1ine and RH-MOV-8C3 and 804 on the discharge
line. The low pressure piping 1s equipped with & larga capacity
relief valve on the RHR pumps discharge sice relfeving excess
pressure to the Refueling Water Storage Tank (RWST).

4,1,2 System Interface Configuration

The high pressure RCS loops are separated from the low pressure
RHR system using two i1solatfon valves in series on each interfacing
line. The i1nboard isolation valve, RH-MOV-780 and the outboard

MOV, RH-MOV-781 are used on the RHR pumps suction line to

1solate the loop 1 hot leg from the RHR system. On the discharge
side of the RHR pumps, the inboard isolation valve RH-MOV-803

and the outboard RH-MOV-804 isolate the RHR heat exchangers from
loop 2 of the RCS. The interface configuration between the high

and low pressure piping 1s shown in Figure 4.2.
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The discharge header of the RHR pumps has & pressure indicator
in the control room. A1l four isolation velves are provided with
valve position 1n¢1cating lights on the control board, Red

t

lights indicate open position, ?rcon clused and when both are
11ghted the valve 1s traveling from one position to the other,
The 1ights are powered from a separate circuit, independent of
the motor operator, a'.owing position indications even when the
motor operator circuit breakers are racked out.

The valves are also interlocked with RCS pressure preventing
their opening unless the RCS pressure s less than RHR operating
pressure,

In addition to the pressure interlock, the outboard valves,
RH-MOV-78] ana 804, are provided with the following features to
prevent inadvertent overpressurization of the RHR system:

0 The valve control switch on the Main Control Board
(MCB) 1s key interlocked, 1.e., & key must be inserted
into 1t before the switch may be turned.

v Disconnect switches, located in the contrul room, are
provided between the circuit breakers on Motor Control
Center 5 (MCC-5) and the motor operators of the
valves, The disconnects are normelly locked open ang
administratively contrelled,

0 The closing of the disconnects alarms on the MCB.

0 An alarm is also actuated on the MCB when any of the outboard

valves (RH-MOV-78]1 or 804) are traveling open.

The above listed features were closely inspected. Control room
operators were questioned about the deteiled operations of these
fsolation valves. It was noted, by visua) examination of MCC-5,
that all the circuit breakers for the .solation valves were
racked in. This may allow the inadvertent operation of the
fnboard velves 1f the pressure interlock 1s bypessed and the
pressure drop through the valves 1s less than ¢he design delts p
for opening (the motor operators of these velves are uncersized,
1.€., cannot open the valve 1f the delta p across the valve 1s
larger than 500 psig). Even relatively smal)l leakage rates, wel)
below the allowable test limits, could equalize the pressure on
both sides of the inboard valves over a period of time. This
would essentially eliminate the ISLOCA preventive mechanism
associfated with the underdesign of the motor operator,

The verious preventive mechanisms as well as those which could

actually lead to the overpressurization of the low pressure
systems (with other concurrent events) are listea in Table 4.1,
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4.1.3

RHR system integrity

The RHR system design includes certain instrumentation providing
essentie] information to tiie operators about the condition of
the system and operating parameters. Some of these instruments
may be used by the operators to recognize and assess an over
pressurization event. The primery indication available on the
MCE 1s the RHR pumps discharge pressure. Additional instrumentztion
such as flood detectors and radiation ares monitors in the RHR
glt area and rediation monitors in other locations of the

rimary Auxiliary Building (PAB) may &lso be used to help in
diagnosing and determining the potential effects or affected
equipment due to an Interfacing ISLOCA.

A relatfvely small ISLOCA event through the suction or discharge
Tine may be readily detectable using the discharge pressure
ingicator. The relative larye capacity relief valve (RH-RV-71f)
would relfeve pressures in excess of 50 psig which is well
beyond the norma! pressure of the RHR system during the standby
mode (only residusl pressure). However, other concurrent sma’)
leek events from the RCS may mask this type of ISLOCA, 1f the
discharge pressure 15 not regularly checked and monitored (the
set point for the relief valve 1s 500 psig).

A system functiona)] test was identified, SUR 5.1-4 “Core Cooling
Systems Mot Operational Test", that includes a procedure on how
to relieve residual pressure of the RHR aischarge 1ine after &n
operationa) test. This procedure may inadvertently be used to
relieve the system pressure due to a small ISLOCA event,

Primary coolant would be released to the primary sample system
through a small high pressure rated instrument line.

The RHR system isolation valves (RH-MOV-780, 781, 803 ana 604)
are regularly leak tested after refueling outages during normal
ascent to full power operation (SUR 5.1-1, "Hydrostatic Test").

During @ walk-down of the RHR system the following observations
were noted with regard to a potential ISLOCA event:

0 Isolation valves, RH-MOV-78] and 804 are loceteo inside the
containment 1in easily accessible areas. During an ISLOCA
event &n attempt may be made to manually operate these
valves. The valve operators are undercesigned to prevent
valve movement 1f the delta p across the valve 1s larger
than 500 psig. The low pressure piping arrangement between
the valves and the containment wall penetratior contains &
number of vertical and horizontal pipe so?monts with elbow
pieces. These are judged 2s the most 1ikely locations of a
postulated pipe break due to an ISLOCA event. In this case,
the ISLOCA 1s inside the containment and the water inventory
accumulates in the containment sump. However, recirculation
capability may still be impatred, since the RHR suction
piping from the hot leg and the containment sump 1s connected.
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0 The portion of the system outside the containment is

located in @ ceep pit in the PAB. The RMR pumps and heat
exchangers are located in their own separated cubicle
inside the pit area. The pipe runs between the RHR pit and
the containment wall penetration are loceted in the pipe
chase, seperated from al) other vital ECCS equipment,

The RHR pit contains a flood and radiation area monitor,
that would indicete leskage from the RHR system. Any
accumu lation of a small leak can be pumped out by &
submersible sump pump preventing large scale flooding of
any cubicle. Potentia) camage to the RHR pump motors from
humidity or other adverse conditions may therefore be
minimized., The most li1kely break locations are the RHR pump
seals, the heat exchangers and various valves at the
boundary of the piping system.

4.1.4 ISLOCA scenarios

In order to categorize the possible consequences of an ISLOCA event,

8 number of different accident scenarios were examined during the
walk-downs, Operators were questioned about operational responses

and possible actions aveilable to them, The relative effects of an
1SLOCA occurr1n8301thvr on the suction or discharge lines (RH-MOV-780,

781 or RH-MOV-8

, B04 respectively) are similar due to the RHR pump

recirculation line, that allows pressure equalizetion between the
suction and discharge lines.

The following afscussion 1s valid for an ISLOCA event occurring in
either the RHR suction or discharge lines,

1.

2.

ISLOCA without physical break or damage

In this event, the leak rate from the RCS 1s within the relief
capacity of the RHR system relfef valve, RH-KV-715, Primary
coolant would be dischargeo directly to the RWST. The diagnosis
of this event may be difficult since the pressure would oscillate
in the discharge line, and the RWST leve! would not fincrease
dramatically. The potential problem of this event is the cycling
of the relief valve, which could induce water hammer and damage
the RHR system piping.

ISLOCA-smal) break
The leak rate from the RCS may exceed the relief valve capacity
overpressurizing the RHR system. The potential smal)l break locations
are:
© the RHR pump seals
0 the RHR heat exchangers
0 clused valves at the pipe boundaries such as;
centainment sump check valves RH-CV-783 anc B0BA;
RWST tie check valve RH-CV-784;
LPI pump dischargc check velve SI-Cv-103;
HP1 pump recirculation MOVs S1-MOV-901 and %02.
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0 the RHR system piping either inside or outside of the
containment

The RHR pump seals appesr to be the most 1ikely break location,

These pumps are located in the pit area separated from each other by

@ concrete wall, A flood and radiation area monitor would indicate

any leakage in this ares. The damage to one pump méy be contained and
subsequent effects on the other pump may be minimal, Similar
conclusions may be drawn for a break involving the RHR heat exchangers.
The avaflability of the vital ECCS equipment would most likely be
?naff:ctod. especially the HP] pumps, which are located at & separate
ocation .

If the break occurs at the various boundary valves, the RwST and the
containment sump may be 1sclated from the RHR system us1ng the
1solation MOVS, RH-MOV21,S1-MOV-901 and 9C2. It seems )ikely that
the HP] portion of the ECCS remeins intact and the environment in the
PAE would not preclude 1ts operation. In addition to the WPl pumps,
the charging pumps can also inject water to the RCS from the RWST.

An attempt can also be made ‘o 1solate the small break I5L0CA, 1f one
of the 1solation valves are operable and the break 1s outside the
containment. However, the celta p across the valves may be such as
to prevent their operation.

The RCS may be depressurized using the steam generators with the
auxiliary feedwater system. by depressurizing the RLS 1n this way,
RWST water inventory loss can be minimized.

Make up capability to the RWST 1s relatively small, but the procedure
for this 1s well established and available to the operator,

ISLOCA-large break

The potential break locations are similar to the small break ISLOCA
with the exception of the RHR pump seals. Regardless of the location
of the break, fnsice or outside containment, the recirculation
capetility would in all likelihood be lost since the break would
affect the RHR suction and/or discharge pipes. The LP] system would
avtomatically start up injecting cold water from the RWST. The loss
of RHR discharge pipe integrity would directly prevent core cocling,
since the inJected water may be lost through the bresak.

Recognition of potential RWST water inventory loss, as related to the
location of the large break, may be a difficult task. The operators
are not sensitizeo to this potential coupling effect in the ISLOCA
procedures (ECA-1.2, "LOCA Outside Contaimment"),

1f the break is outside the containment, the line can be 1solatec
using the 1solation valves, 1f these are available. However, this
attempt may be accomplished oniy after the RCS 1s depressurized,
which 1s expected to occur in a few minutes after the break,



The environment in the PAB 15 expected to be very severe, since
neither the RHR pit nor the pipe trenches are leak tight. The
primary coolant release through the break in the FAB would pressurize
the building, and any attempt to ent .r the PAB would be difficuit,
There 15 & very 1ikely potential that al)l ECCS equipment, such as the
HPI, LPI and charging pumps would be severely affected by the
environmental conditions in the PAB,

in & large break ISLOCA, the recirculation capability may directly be
lost, the LP! could be rendered fnetfective (even if the envirommental
effects would allow the operation of this system) and the RWST water
fnventory could be depleted rather quickly.

These scensrios were discussed with the operators and training
personnel. The availability of the various equipment, actual locations
and potential interactions were verified during the audit process.

4.2 High Pressure Injection System

4.2.1 System Description

The High Pressure Safety Injection system is part of the ECCS and
proviges high head injection follewing a LOCA, After accident
inftiation the HPI pumps start and inject water from the RWST into
the RCS. The HPI system may also be used in the recirculation phase
to provide high head recirculation. The simplified schematic of the
HP]l system 1s shown in Figure 4.3

The HP] system 1s normally aligned for standby operation with the
pumps secured and the HPI loop stop vaives, S1-MOV-861A, B, C and D,
are shut, The suction of the pumps are connected to the RWST, A
mininum flow recirculation peth 1s provided back to the RWST allowing
to test the pump and the various components during ncrmal plant
operations.

There are four injection lines, each with two isolation valves, an
MOV, SI-MOV-861A,8,C and D and a check velve, S1-CV-862A,8,C and D.
Each line 1s equipped with & recirculation Tine for sampling and flow
testing., These lines have additional menual 1solation valves,
SI-V-863A, B, C, and D.

wWhen safety injection 1s inftiated, the four loop isolation valves
(MOV-861A through D) are automatically opened and the HPI pumps are
started and borated water is injected into the RCS cold legs. The HP]
flow 1s manually stopped by the operator during the transfer to the
low pressure recirculation mode. If high head recirculation s
required, then the RHR pump discharge 1s aligned to the HPI pump
suction and the water 1s recirculated through the HP! 11ines.
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The HPl system piping 1s designed to 1400 psi at 650°F (1500 psi ot
350°F) and each injection line 1s isolated from the high pressure
RCS by the loop isolation valve and a check vaive 1n serfes. A 1500
psi relief valve, SI-RV-870, of the common discherge header protects
the HPl system from overpressurization (maximum flow capacity 35

gpm) .

4.2.2 System Interface Configuration

The interface between the RCS and the MPI system consists of two high
pressure isolation valves on each injection line. The inboard
fsolation valve 1s the SI loop stop valve, (SI-MOV-861A, B, C, and D).
It has a remote controlled motor operator.-Outboard 1:0!02100 1s
provided by self actuating check valves (SI-Cv-862A, B, C, and D).

The four loop stop valves are controlled by three-position control
switches from the MCB and the valve positions are indicated by lights
(red and green for open and closed positions respectively, both are
1ighted when the valve 1s traveling or throttled). The circuit
breakers of the MOVs on MCC-5 are normally energized allowing the
opening of these valves on 51 signal. This is & prerequisite for
safety injection purposes, but from ISLOCA point of view, the valves
may inadvertently open efther by & spurfous SI signal or through
human error, by bypassing the control logic.

The outboard self actuating check valves and the inboard fsolation
MOVs are leak tested regularly at every refueling outage., In addition,
a monthly operational test is also performed for the check valves,
using SUR 5.1-4 “Core Cooling Systems Hot Operational Test". During
the test, the check valves are unseated and a minfoum flow 1s
established, A% the completion of the test, the check valves are
reseated by gravity. The perioaic performance of this operational
flow test could significently increase the reseat faflure probability
of these i1solation check valves.

4,2,3 System integrity

The HP] system discharge piping has no remote or local pressure
fndication. The small capacity relief valve 15 also not indicated.
Hence, small 1SLOCA events may go unnoticed, In this case, the
primary coolant would be discharged to the RWST, which has a very
lerge volume, making the diagnosis relatively difficuit, The operator
would rely on the RCS volumetric balance measurements using the

Volume Control Tank leve) indication and other parameters. Other
instrumentation available to the operator 1s the flood detector at

the HPI pump pit area and the radiation monitors in the PAB.

The HP] system was visually inspected and the following observations
were made:

o Long sections of the low pressure HPI piping are located
inside the containment with a number of horizontal and vertical
sections and elbows. It is hipghly probable that given an ISLOCA
event the pipe would be breached inside the containment.
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0 The WP piving, between the containment penetration and the HP]
pump pit inside the PAB, 1s located in the pipe chase separated
from other ECCS equipment. However, the pipe chase itself 1s not
leak tight and & mejor relesse, even 1f 1t 15 inside the pipe chase
ares, coulo overpressurize the PAB,

0 The HPI pumps are located in an open pit area together with the
LPI pumps. No spatial or physicel barrier is provided between the
different safety trains and components of either the HP! or LP!
pumps. This physice] arrangement could potentially lesd to the
loss of both systems due to an ISLOCA event occurring on the
discharge 1ine of either the HPI or LP! pumps.

0 The pump pit 1s monitored by flood detectors for water accumulation,
Given an I[SLOCA event and a pipe break in this location, the release
is probebly in the form of steam that may not condense in the open aree
to set off the flood detectors.

0 The charging system is physically separated trom the HP] pump pit and
could serve as an alternate meens of high pressure injection to the
RCS. The two cha~ging pumps are 1n separate ogcn cubicles and as such
may be affected by large releases 1nside the PAR efther from the HPI
or RHR systeu.

Static calculations were made on the pressure integrity of the HP!
piping regarding an overpressurizetion event. The calculations have
ingicated that the HPI piping may withstand a slow, static ISLOCA
event (see Section 5.7). This essentially assumes that the faflure
of the Interface boundary s such thet only « relatively smeil leak
is developed, which slowly overpressurizes the HPl discharge header,
Other faflure modes, such as & sudden opening, may also have to be
considered since these impose additional dynamic loadings on the
piping system.

4,2.4 ISLOCA scenarios

An overpressurization event on the HPI lines may lead to different
consequences depending on pipe structural integrity, relief valve
cepacity, 1solation bouncary failure mode and potential uperator
actions, based on these considerations, the following group of
scenarios were investigated in detail auring the audit:

1. ISLOCA, small leak no structural damege

In this case, the leak rate through the isvletion boundary is
relatively small and the HPl discharge relief valve, SI-RV-870 (max.,
flow rate 35 GPM) would open discharging to the RWST. The operator
would not diagnose the problem directly, but rather only through

the RCS imbalance ndications using the level monftors of the

Volume Control Tank (VCT),
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2. ISLOCA, smal) break

The leak rate through the 1solation boundary may exceed the
relief valve capacity leading to an overpressurization event
that may camege either the piping sections or the HP] pump
discharge check velves (SI-CV-856A,B). If the break is inside
the containment, the charging pumps could provide high head
injection and even recirculation coula be accomplished by
aligning the RHR discharge to the char11n9 pump suction through
oponins RH-MOV-33A and B. This operation may also be attempted
even if the break is in the PAB, since the charging pumps are
located 1n an area that is pnys‘cclly separated from the HPI

pump pit.

If the break is in the HPI pump git area, the concern 1s the
spatial effects on the KP! and LPl pumps. However, the operation
of the LP] pumps are not required for hi?h head injection or
recircuiation end the functicn of the KPl pumps may be partially
replaced by the charging pumps,

3. ISLOCA, large break

The size of the high pressure rated section of the WPl line to
each of the cold legs is 3". Therefore, the failure of the
fsolation boundary cannot lead to very large breaks because the
pipe size 1imits the outflow of the primary coolant from the
RCS, If the LOCA leads to very rapid depressurization, the
operation of the LPl is required in the injection phese. If the
break is inside the containment, both the LPl and RHR system s
available to cooi the core. An outside break, especially near
the HP1 pump pit, may impair the operation of the LPI pumps.
However, the RHR system would still be intact and would be
available for injection of cooling water from the RWST. Water
fnventory would not directly be lost. The inventory would be
lost only through the break in the PAB achieving once-through
cooling of the reactor core. The charging pumps could alsc ve
used to 1imit the loss of the water inventory, but their operation
may not be assurec upon & large release in the PAE,

4.3 Low Pressure Injection/Core Deluge System

6.3.1, System Description

The Low Pressure Safety Injection system is part of the ECCS and is
designed to automatically deliver borated water to the reactor vessel
following @ LOCA. The major components and flowpaths of the LPI are
shown in Figure 4.5,

Immediately folluwing an accident initiztion the LPI pumps start
injecting water from the RWST into the RCS. After the injection

phase, the water is collected in the containment sump and 1s
recirculatec using the RHR system. The LPI1 system is used only in the
injection phase, and essentially corresponds to the accumulator
systems of other pressurized woter reactors,
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The LP] system 1s nornelly alignecd for standby operstion with the
pumps secured and the core deluge isolation valves, SI-MOV-B71A and B
shut., The suction of the pumps 1s connected to the RWST. A

minimum flow recirculation path to the RWST 1s maintained by the
throttled recirculation valves, The discharge of the LP/ pumps 1s
alsu connected to the RMR discharge piping to supply the Core Deluge
Contatinment Spray, Charcoal Filter Spray and RCS loop 2.

During injectiorn phase, the core deluge isolation valves, SI-MOV-871A
end B open and borated water 1s injected through the deluge piping
which penetretes the top of the reactor vessel. Once initiated, the
LPI flow continues until terminated by the operator during the
switch-over to the pecirculation mode of operation,

The piping of the LP] system 1s designed for 600 pst et 650° F up to
the core deluge check valves, SI-CV-872A and B. The system 1s separated
from the high pressure RCS system by two normelly closed isolation
valves on each 1ntorfcc1n? Tine (S1-MOV-E71A, SI-CV-872A and B71B,
8728). The LPl discnarge 1ine shares & common header with the RHR
system which 1s equipped with a relief valve, RH=RV-751, Any
overpressurization of the common header either from the LPI or RHR
interfacing lines would be relieved through this velve to the KWST,

4.3.2. System Configuration

The interface between the low pressure LPI piping (600 psi) and the

RCS (mormal operating pressure 2000 psig) is comprised of two 1solation
valves on each injection pathway as shown on Figure 4.6, The core
deluge valves, MOV-871A and B, are the inboard i1solation motor
operated valves. The outooard 1solation valves, CV-B72A and B, are
self actuated check valves,

The core deluge valves are controlled by three position control
switches on the MCB with spring return to the auto position. These
valves ere normally closed and mey automatically open on a safety
injection signal, The motor operators are powered from MCC-5 with the
circuit breakers racked in, so that the valves may be operational
under normal conditions.

This perticular feature is not desirable from an ISLOCA point of

view, since any inadvertent Sefety Injection (SI) signa) may open the
valve. This may initiate an overpressurization event, if the downstream
check valve, CV-872, 1s in the failed position or maifunctioned. The
verious mechanisms relating to an ISLOCA event regarding the isolation
components in the LPI system are listed in Table 4.1.

The i1solation MOVs have position fndications on the MCB (red and
green for open or closed position). An additional indication 1s also
available to determine 1f control power is available for the motor
control circufit,
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The discharge header common with the RHR discharge 1ine has & pressure
indicator (F1-502 on the MCB) that ma) indicate an overpressurization
condition, However, the source of the overpressurization 1s not

limited %o the core deluge lines, but could also be the RHR discharge ﬁ
1ine through RH<MOV-BU3 and 804, The actual identification of the |

particuler leak pathway 1s difficult from the operational point of l
view, ;

The core deluge line has one low pressure rated additiona) 1solation

valve, S1-MOV-873 (wil) become operetional in the mext outage). This

valve may a1so be used to 1solate an ISLOCA event, The use would

gepend on the flow and pressure conditions through the valve, as 3
indicated by %he extent of the accident, ;

4,3.3 System Integrity

Instrumentation s available for the operator to diegnose an ISLOCA
event through the core deluge lines. Common RHR/LPI d\SChar?c header
pressure indicator s located on the MCB. Relatively smell leaks are
not readily detectable, since the relief valve (RH-RV-715) would j
relieve excess pressure o the RMST.

Additional instrumentation 1s available in the LPI pump aree 0
detect leakages in the pump pit (flova detecter, may not be reliable
upon steam release in the area) and radiation monitors ave also

located in the PAB indicating and alarming any radioactivity release
inside the building.

The i1solation check valves are regularly leak tested. However, the 5
inboard MOVs are only stroke tested to insure operatility. The plant
ISLOCA probabilistic risk anslysis has indicated that the highest

risk of an ISLOCA event 1s potentia)l overpressurization events of the
core deluge lines,

The following observations were noted regarding the general arrangement 1
éno physical separation of the LPI system: :

' 0 The core deluge isolation valves, MOV-871A,B, are physically f
loceted in a relatively inaccessible area that would prevent thé ;
manua) operation of these valves curing an emergency. It 1s unlikely -4
i that the valves could be operated, even if the containment
§ gnvironment would allow 1t, However, the location of the low
j pressure rated isolation valve, SI-MOV-873, 1s between the primary
shield and outer containment wall with relatively easy access and
manval operation of this valve coula easily be accomplished.

i o Eech core deluge injection line has a removable flangea spool piece. -
5 1¢ 1 most likely that given an overpressurization event the LPI pipe '

“ integrity would be breached at this location incide containment. In

L gddition, the piping arrangement would most likely insure thet any pipe

; break (other than the spoo) piece) would occur inside the containment, ‘
However, the rcirculation capability would stil) be impaired due to g
the common header arrangement with the KHR discharge line. §
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0 Most of the piping sections outside the containment are located in
the pipe chase of the PAB, Any failure in this location would not
directly affect other vita! equipment, unless the PAB becomes
overpressurized. The LP! pumps are located in an open pump pit
together with the HP! pumps and valves. Physical separation is not
Yrovidvd between any of the components of this vital ECCS equipment.

f an ISLOCA event occurs at the discharge check valve of the LPl pumps

(SI1-CV-103), @11 of this ECCS equipment may be affected impairing the
core cooling capability of the plant,

4.3.4, ISLOCA Scenarios

The effects of an ISLOCA event through the core deluge lines are essentially
fdentical to the scenarfos discussed in the RHR system description due to the
common header arrangement. It is important to note that not only the LPI
system 1s affected by the core doluge Tine ISLOCA, but most 11kely the RHR
system would also be damaged including the RHR pump seals and heat exchangers
The potential break locations are:

0 the RHR pump seals
0 the RHR heat exchangers

0 closed valves at the pipe boundaries such as; containment
sump check valves RH-CV-782 and BOBA RWST, tie check valve
RH-CV-784, LP| pump discharge check valve SI=CV-103, WPl pump
recirculation MOVs S1-MOV-90]1 and 502

0 the LPI/RHR system piping efther inside or outside of the
contatinment

Depending on the severity of the damage both the injection and/or
recirculation cepability would be lost, leading to core damege. In
addition to the scenerios described in section 4.1.4, the following
potential scenario was discussed in great deteils with the operators:

1. ISLOCA-small/large break at LPl pumps

In this case, the break or damage occurs at or near the HP] discharge
1ine check valve, S1-CV-103. This postulated event is impurtant in
thet the HPl pumps are located adjecent to the LP! pumps and would in
@1l certainty be damaged by the relecse through the break. The flood
detector in the pump pit and the radiation monitors in the PAB would
alert the operator to the abnormal event,
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Even 1f NP1 capability 1s lost, the og;razor could use the charging

pumps to inject water into the RCS. e charging pumps are located in
seperate pump cubicles. However, these cubicies are open to the main
level of the PAD and some potentia) environmental effect may be
expected from ¢ relatively larce release in the LP] pump area.

A potentially more serious event would be & large break at the LPI
pump discharge lines. The LP! system would automatically start
injecting water from the RWST and through the break the water
inventory would rapidly be depleted. The interaction between the
location of the break and water inventory 1s not recognized by any
p:g:oggrt and the operators are not fully aware of the potential
sftuation.

Flow instrumentation on the LP] discharge 1ine 1s not avatlable and
the operators rely on pump motor current indications. This 1s an
indirect method and probably unreliable during a large break ISLOCA
event in the PAB due to environmental effects.

4.4, Chemical and Volume Control System

4.4, System Description

One of the primary purposes of the Chemical and Volume “ontrol System
[CVCS) 1s to maintain the proper water inventory in the RCS., It
continuously provides purification of the primary coolant to reduce
corrosion and radioactive products,

The letdown system, a subsystem of the CVCS, normally supplies & continuous
bleed of reactor coolant to the chemical end volume control equipment

of the CVCS. The normal letdown taps off the loop 1 cold leg through

& "crud trap" thet is reduced to a 3" line. It flows through a number

of regenerative heat exchangers cooling the letdown flow,

There are two fsolation valves located in the letdown line. A motor
operated valve, CD-MOV-200 upstream of the heat exchangers and the
letdown containment isolation valve, CD-AOV-23 which 1s air operated.



Outside the conteinment the letdown flow 1s directed through pressure
reducing orifices and ‘low control valves (CD-FCV-202,203,204). The
letdown 1ine is cesigned to low pressure (600 psi at €50 F) downstream
of the flow control valves. The pressure fsolation function 1s
essentfally performed by the letdown orifices which are passive
devices. Two large capacity relief valves (CO-RV-2056,252) are instellec
downstream of the flow control valves discharging to the ‘olume

Control Tank (VCT) end protects the low pressure segment Jf the CVCS
against overpressurization.

A simplified schematic, depicting the letdown pathway, 1§ shown in
Figure 4.7,

4.4,2 System Configuration

The interface between the low pressure portion of the letdown line
ang the RCS 1s unusual, since the isolation is performed by passive
orifices and orifice contro! velves. In adaition, two normally open
isolation valves are also installed on the high pressure portiun of
the letdown system.

The orifice valves (FCV-202,203,204) ere air operated and fail closed
upon loss of air supply. Three position (OPEN-AUTO-CLOSE) control
switches are used to control valve position which can be throttiec to
control coclant flow. Three indicating 1ights are instailed on the
MCB (red and green for open and closed ana white for auto). The
valves sutonetically isolate the letdown flow upon receiving either
high containment pressure (HCP) or low pressurizer level signals.

Insfde the containment two high pressure rated isolation valves are
available on the letdown line., The letdown containment isolation
valve, LD-AOV-230 1s &n air operated valve which fails closed upon
loss of afr or DC power. A back up afr bottle, located inside the
containment would automatically supply air pressure, if the norma)
supply 1s lust. The valve will alsc automatically close on HCP to
isulate the containment and letdown flow. The valve can be controlled
from the MCB with a special override feature.

The other high pressure isclation valve, LD-MOV-200, 1¢ & motor
operated valve that cluses automatically upon actuation of the SI
signal. The valve can be controlled from the MCE and position
indicating lights are available above the control switch,
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4.4.3 System Integrity

A postulated ISLOCA event in & letdown system 1s somewhat different
than those occurring in normally closed interfacing low pressure
systems such as the Rhk and LP1. The letdown system is normally
isolatec by passive pressure reducing devices and orifice flow

control valves which 21low 2 constant tlow of primary coolant into

the CVCS. Overpressurization may occur due to the fatlure of these
pressure and flow reducing elements or thiough other failure mechanisms

Eugg es suaden flow surge or failure of the letdown flow path in the
vCs.

The primary indicetions avatlable to the operator are the letdown
flow end temperature monitors on the MCE that shows the system
conditions cownstream cf the non-regenerative heat exchanger. Upon
overpressurization, the relief vaive may open discharging excess flow
to the VLT, where the level 1s also monitored and displayed on the
MCB. If the ISLOCA event results in a small break, the V(T leve!l
monitor 1s used to diagnose the small LOCA conditions.

The letdown system, pipins. valves and other components were visually
checked during the audit "walktirough" process. The containment
isolation velve 15 loceted in the outer annulus area of the containment.
However, 1ts location 1s such thet manual operation of the valve 1s
unlikely. The letdown piping, orifices and orifice flow control

valves are all located ir the pipe chase area of the PAB separated

from vita] ECCS equipment,

The piping, Jjust before the non-regenzrative heat exchanger, is
exposed, but orly non-essential auxilfary components would be affected
by any potential pipe break in this location. The VCT is located on
the top floor of the PAD in an enclosed cubicle. The tank 1s relatively
large and overpressurizetion from the opening of the letdown relfef
valves 1s unlikely. The top floor of the PAB contains mostly non-
essential air conditioning, fiitering and other equipments which

would not be required during an ISLOCA event,
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4.4.4 ;SLQQQ scenarios

An overpressurization event in the letdown line could be caused by
either the unlikely failure of the pressure reaucing devices, the
sudden opening of a normally closec orifice flow control valve (flow
surge) or a b octing of the letdown path by the failure of the low
pressure control valves of the CVCS. The relief valves would open to
relieve the excess pressure, but pipe or component damage may still
occur due to dynamic forces.

1. ISLOCA without any damage

In this case, the relief valve opens and the excess pressure and
fiow 1s relieved to the VCT, The capacity of the VCT {s relatively
larto. but an excess primary coolant flow coula overpressurize the
tank. No major ECCS components are affected. Isolation is assured
by the two high pressure rated isolation valves or by the orifice
flow control valves which automatically close upon receiving efther
the S1 or HCP signals. The diagnosis of the event is judged to be
relatively easy end proper operator actions may be accomplished in
& timely manner,

2. ISLOCA-small break

The overpressurization of the letdown line may result in & pipe
break 1n the PAB, The release would be detected by the radistion
monitors in the building stack enabling the operator to dlagnese
this event. lsolation capability remains intact end 15 autometically
initiated upon the decrease in the RCS pressure (SI signal).
Ncnu;gsactuction is also possible using the contro! switches on

the .

Manual closure of any of the isolation valves inside or outside
the containment 1s less 1ikely given their particular ocations.
The orifice flow control valves are located in the pipe chase
area and any release in this environment would prevent operator
entry. The damage inside the PAB 1s expected to be mimmal
without & majur effect on the operation of the vital £CCS

equipment.,
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4.5 Alternate Letdown/Drain System

4,5.1 System Descript on

The alternate letduwn flowpath is used when the normal letdown
flowpath is not available and the reactor is shutdown. Each RC loop
has two drain flowpaths, one attached to the cold leg and isolated by
an MOV (DH-MOV-507,521,534,544). The other pathway may allow the
draining of the RCS through the hot leg utilizing two manual valves

on each line (DM-V-502,502A,516,516A,529,529A and 539,539A respectively).
The drain flow from each loop 1s combined into a header and is
directed to either the Primary Drain Tank (PDT) or VCT. The drain
header flow 1s controlled by a motor operated valve, DH-MOV=310, The
valve 15 not qualified for post accident conditic.s and as such the
1ine 1s not used during normal operations. The system layout is shown
schematicelly on Figure 4.8.

The alternate letduw line 1s also usea to regularly take samples
fron the RCS during normal operations by cvpening the isolation MOV on
the cold leg drain line (“"sample procedure to be added"). During this
operation the fiow control valve, DH-MOV-310, is closed and a small
sanple 1s uirected to the sampling system,

The aesign pressure of the piping downstrezm ¢f the arein flow
control valve MOV-310 1s 150 psi at 500 F which is substantfally
lower than the RCS operating pressure at 2000 psig. The system is
protected against overpressurization by & large capacity relief
valve, DH-RV-1847 which is insta)led on the drain header downstream
of MOV-310 inside the containment. The relief valve discharges onte
the floor and any outflow 15 eventually collected in the containment

sump.
4.5.2 System Interface Configuration

The high and low pressure piping of the alternate letdown system 1s
separated by either two MOVs in series on the cold leg drain lincs
(UH=MOV=310 and DH-MOV=507,521,534 or 544) or by one MOV and two
manual globe valves on the hot leg drain 1ines (DH-MOV-31C and
DH-V=502, 502A, 516, 516A, 529,529A or 539,53%A).

The flow control valve MOV-310 may be opened and throttled by &
control switch from the MCB and is provided by two position indicating
lights. During normal operation, the valve is not allowed to be open
and its motor control circuit breaker on MCL-5 is racked out with a
lockout feature. This was visually inspected and verified during the
audi:. The valve 1s regularly leak tested and its integrity is
verified.

The loop drain valves (MOV-507,521,534,544) have alsu control switches
on the MCE with pousition indicator lights. The valves are presently not
leak tested, but operability stroke test is performed in each refueling
outage. These valves are always operational during normal operation and
periodically are opened for RCS sampling.
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Qutside the containment, the drain 1ine 1s equipped with two air
operated containment isolation valves which close autometically upon
the HCP signal or the loss of afr supply. These valves are low
pressure rated and essentially are not part of the interface boundary.

4.5.3 Systen Integrity

The successful diagnosis of an ISLOCA through the alternate letdown
1ine may depend on the severity of the event. Two primary indications
are available on the MCB. A pressure indicator, (P1-108), 1s located
at the upstream of the flow contro) valve MOV-310 which 1s the space
between the two isolation boundaries for all the drain 1ines. A
temperature indicator 1s also instelled downstream of MOV-310
meacuring the drain header temperature.

rowever, the cold leg MOV was routinely opened for a quarterly
chemistry sampling purpose and the MOV-310 1s the only PIV separating
the low and high pressure piping systems.

The low temperature rocdings of the downstream dra‘n header, has
given the operators a fairly relfable diagnosis of the system
conditions., A small leak would be diagnosed by the lower pressure
indicator readings (PI-108) with increasing temperature indicatiouns,
In addition to these direct indications, the level in POT is &alarmed
when it reaches a certain high level.

However, there are other incoming lines in the POT especially from
the RC pump seal returns and the operators would routinely concentrate
on that system before the alternate letdown would be investigated.

If the relfef valve, DH-RV-1847 opens, the discharged primary coolant
would eventually be collected 1n the containment sump ard an increasing
sump level indication is also available on the MCB to help diagnose the
event,

The location of MOV-310 was verified along with the relief valve.
Based on the piping arrangement, the drain header seems to be the most
likely location of a postulated pipe break given an overpressurization
event. The relief valve may also cycle open~closed that could enduce
potentially damaging water hammer effects.

Qutside the containment, the alternate letdown piping is in the pipe
chase and the PDT is located inside the RHR pump pit. The potential
effects of a pipe break on any of these locations would be localized
and with the possille exception of the RHR pumps no major ECCS
equipment would be directly affected. The RHR pumps are separated
from the PDT by concrete walls that would 1imit direct damage to the
pumnps or motors,

4,5.4 ]SLOCA Scenarics

Arn ISLOCA event in the alternate letdown 1ine would be essentially a
small LOCA event, since the maximum release 1s T1imited by the drain
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1ine sizes from either the cold or hot leg that is 2%,

1. I1SLOCA without damage

The drain header relief valve would open releasing primary coolant
into the containment. The concern 1s the cycling of the relief vaive
that could damage the low pressure piping. The damage would be in all
probability localized to the drain hesder inside the containment.

No effect 1s expected on any of the vital ECCS equipment.

2. 1SLOCA, small break

The break location is, with high probability, inside the containment
without any effect on HPl capability. 1f the break is outsice, 1t may
occur in the pipe chase area or insice the RHR pump pit. The radiation
area monitor inside the pit ares or in the PAB would alarm helping to
dieyncse the event by the operators. The operation of the RHR pumps
could be «tfected by the release inside the pit, However, the coolant
loss is 1imited and the use of the HPI or charging system 1s sufficiert
to mitigate the small LOCA,
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TABLE 4.1

DESIGH FEATURES TO PREVENT OVERPRESSURIZATION
OF LOW PRESSURE SYSTEMS

VALVE OVERPRESSUR1ZAT 10N MECHANISM THAT COULD LEAD
SYSTEM CONF I GURAT 10N PREVENTIVE MECHANISMS T0 OVERPRESSURIZATION
RHR INBOARD 1SOLATION - RCS PRESSURE PERMISSIVE - MOTOR OPERATOR CIRCUIT
SUCTION RH-MOV-780 INTERLOCK FOR OPENING BREAKER CLOSED DURING
- CANNOT OPEN AGAINST NORMAL OPERATION
LARGE DELTA p
OUTBOARD ISOLATION - RCS PRESSURE PERMISSIVE

INTERLOCK FOR OPENING

- ELECTRIC POWER DISCONNECT
SWITCH IN CONTROL ROOM,
KEY LOCKED

- KEY OPERATED CONTROL
SWITCH ON CONTROL BOARD

- RHR DISCHARGE PRESSURE
INDICATION

- VALVE TRAVELING ALARM
DISCONNECT CLOSED ALARM

- CANNOT OPEN AGAINST
LARGE DELTA p

RHR/LPI INBOARD ISOLATION - RCS PRESSURE PERMISSIVE - MOTOR OPEPATOR CIRCUIT
INJECTION RH-MOV-804 INTERLOCK FOR OPENIRG GREAKER CLOSED DURING
- CANNOT OPEN AGAINST NORMAL OPERATION

LARGE DELTA p
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TABLE 4.1
(CONTINUED)
VALVE GVERPRESSURIZAT 10N MECHANISM THAT COULD LEAD
SYSTEM CONF IGURAT 1ON PREVENTIVE MECHANISMS 10 OVERPRESSURIZATION
OUTBOARD 1SOLATION - RCS PRESSURE PERMiSSIVE
RH-MOV-803 INTERLOCK FOR OPENING
- ELECTRIC POWER DISCONNECT
SWITCH IN CONTROL ROOM,
KEY LOCKED
- KEY OPERATED CONTROL
SWITCH ON CONTROL BOARD
- RHR DISCHARGE PRESSURE
INDICATION
- VALVE TRAVELING ALARM
DISCONNECT CLOSED ALARM
- CANNOT OPEN AGAINST
LARGE DELTA p
CODE DELUGE  TNBOARD I1SOLATION - SAFETY TNJECTION
MOV ACTUATION SIGNAL
LINES A/B S1-MOV-871A/8 - NO LEAK TESTING PERFORMED
OUTBOARD 1SOLATION - RHR DISCHARGE PRESSURE
S1-CV-872A/B IND1CAT 10K
CHECK VALVE
HP1 LINES INBOARD TSOLATION - SAFETY TNJECTION
A/B/C/D MOV ACTUATION SIGNAL
S1-MOV-B61A/B/C/D
OUTBOARD I1SOLATION - NO DISCHARGE PRESSURE
CHECK VALVE INDICATION
S1-CV-862A/8/C/D
DRAIN OUTBOARD 1SOLATION - MOTOR OPERATOR CIRCUIT
LINES MOV BREAKER RACKET OUT WITH

DH-MOV-310

KEY CONTROL
- PRESSURE INDICATION
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TABLE 4.1
(CONTINUED)

SYSTEM

VALVE
CONF IGURATION

OVERPRESSUKIZATION
PREVENTIVE FECHANISMS

MECHANISM THAT COULD LEAD
TO OVERPRESSURIZATION

A

LETDOWN

OUTBOARD I1SOLATION
BYPASS VALVE
DH-V-311

INBOARD LOOP
ISOLATION, COLD LEG
DH-MOV-507

521

534

544

INBOARD LOOP

ISOLATION, HOT LEG

DH-V-502, 502A
516, 516A
529, 529A
539, 539A

ISOLATION VALVE
LG-MOV-200

ISOLATION VALVE
LD-TV 230

ISOLATION VALVE
LD-AOV-202

203

204

- SAFETY INJECTION (SI)
SIGNAL ACTUATES VALVE

- HIGH CONTAINMENT
PRESSURE (HCP) SIGNAL
ACTUATES VALVE
(S1 GENERATES HCP
SIGNAL AS WELL)

- HIGH CONTAIRMENT
PRESSURE SIGNAL
VALVE

- FLOW LIMITING MECHANICAL
DESIGN

- PERIODICALLY OPEN FOR
RCS SAMPLING

- MOTOR UPERATOR CIRCUIT
GREAKER CLOSED
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6.0 VALVE AND SYSTEM INTEGRITY

5.1 Mainterance Program

During the audit, the team gathered information pertinent to the
mechanice] maintenance history of the PIVs. This information has been
tabulated on the following pages as Table 5-1. The Table contains
valve number and function, a column indicating whether the meintenance
received was corrective or preventive, the date the work order for the
maintenance was completed, unit status at the time the work was
performed, a brief description of the maintenance performed, and the
cause for the maintenance. The information gathered represents the
total amount of maintenance history stored on the PMMS database for
the pressure isolation valves. In some cases, the information dates
back as far as 1984, Of special interest are check valve S1-CV-B62B
in the HPI system, and powe: operated valve SI-MCV-861B which is
in-series with this check valve. These are the PlVs discussed in
Section 5.2 of this report which both demonstrated unacceptable
leakage on April €, 198€.

These twe valves constitute & pressure interface boundary between

the HP1 pump discharge piping and high pressure piping tv the KCS
loop 2 cold leg. The maintenance history showed that the check valve
failed numerous leak tests and received exiensive internal rework
before satisfying its leakage criteria on April 20, 1986. This same
valve failea to satisfy its leak test acceptance criteria again on
July 30, 1987, and again received internal rework (see Table 5.1 for
oeta1lss in September 1987. Within the September 1887 maintenance
work order was @ recommendation to replace the valve because of the
extent and repetitive nature of the internal rework the valve had
required, the conaitior of the valve seat, and the fact that the
valve had iailed numerous leak tests. The team determined during the
audit that the maintenance department did not have plans to replace
this valve in the upcoming outage. This has led to some negative
conclusions regarding the corrective maintenance program from an
ISLOCA standpoint. The fact that the valve had & history of main-
tenance and testing problems, was recommended to be replaced, yet was
not replaced or scheauled to be replaced is indicative of & lack of
formalizeo performance trending of equipment which 1s extended to
represent an overall weakness in the corrective maintenance program,
Also, given the importance of the pressure isolation function of this
valve, in conjunction with S1-MOV-86B which also failed leakage
criteria in April 1986, this is indicative of an unawareness of ISLOCA.

As stated in Section 3.2.1, preventive maintenance (of motor operated
PIVs) and post-maintenance functional testing were found tc be
adequate.



§.2 Inservice Testing (IST) Program

The Haadam Neck Valve IST Program, Revision 1, dated 10/3/88 contains
verious tables in 1ts Appendices; each of which specifies different
categories of valves, Table IWV-4, “Pressure Isolation Valves",
1ists the valves the Licensee considered Pressure Isolation Valves
(P1Vs) within its program. A total of twenty-two (22) valves were
fdentified as PIVs on this table. The identification numbers of
;hc:c ;a;vos és well as other pertinent information are shown in

able 5.3.

The NRC review of the IST program consisted of twu phases. The first
involved performing a review to determine if a1l valves which should

be considered PiVs are indeed identified within the Valve IST Program
d¢$ such, and tne second involved determining whether the types of
testing and frequencies the PIVs undergo conform to the requirements

of the Code of record, which in this case 1s ASME Section XI, Subsection
IWV, 1983 Edition.

5.2.1 Valves Considered PIVs Within the IST Program

To determine if all applicable valves were included in Table
IWV=4 of the Valve IST Program, the NRC inspector reviewed the
Piping and Instrumentation Diagrams (P&ID) for the Reactor
Coolant System (RCS), Safety Injection System (SI), Residual
Heat Removal System (RHR). and Chemical Volume Control System
(CVCS) to identify the location of all potential high/low
pressure interfaces hetween the primary system and these other
systems. The P&lDs reviewed included the following:



Table 5.2

Piping and Instrumentation Diagram

(PEID]

Drawing Number Sheet Rev. Title

16103-26007 1 of 3 9 P&1D Reactor Coolant System Loops 1 & 2

16103-26007 ¢ of 3 8 P&1D Reactor Coolant System Loops 3 & 4

16103-26007 30of 3 6 P&ID Reactor Coolant System Pressurizer

16103-26010 1ofl 29 P&ID Safety Injection System

16103-26078 1of 1 13 P&ID Residual Heat Removal System

16103-26018 1of 8 11 P&ID Chemical & Volume Contro! - Letdown to
Volume Control Tank

16103-26018 2 of 8 11 P&ID Chemical & Volume Control - Purification

16103-26018 Jof 8 14 P&ID Chemicel & Yolume Control - Boric Acid
Mix System

16103-26018 4 of & 8 P&ID Chemical & Volume Control - Charging &
Metering Pumps

16103-26018 5§ of 8 3 P&ID Chemical & Volume Control - Return Line
to Reactor Coolant Pump Seals

16103-26018 6 of 8 4 P&ID Chemical & Volume Control - Return &
Drain Lines for Reactor Coolant Loops

16103-26018 7 of & 2 Operations Flow Diagram - Chemical & Volume
Control System

16103-26018 8 of 8 3 Operations Flow Diagram - Chemical & Volume

Control Systen
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Upon identifying the location of all high/low pressure interfaces, the
NRC team then reviewed the Valve IST Program tu determine whether

two 1solation valves in series exist at each of these locations and
whether these isolation valves were considered PIVs within the Licensee's
program.

The NRC team concurred that all twenty-two (22) valves identified

as PIVs by the licensee in Table IWV-4 should be classified as FlVs,
The numbers of these valves as well as other pertinent information
are listed in Table 5.3. Each of these vealves can be considered to be
one of the two valves acting in series that constitute the pressure
isolation boundary between the primary system and other systems with
a lower pressure rating. . ;

There are, however, & series of valves which, though included in the
Valve IST Program, are not considered PIVs by the program. These
vaives are considered the inboard pressure isolation boundary between
the RCS and the lower pressure rated Drain Lines. The numbers of
these valves as well as other pertinent information are listed in
Table 5.3. Discussion of these valves {s contained in paragraphs
5.2.2 and 5.2.3.

5.2.2 MOVs Not Considered PiVs Within the IST Program

Valve Nos. DH-MOV-544, 534, 521, and 507 are gate type motor
operated valves located on the Drain Lines which come off each
of the four (4) Cold Legs of the RCS. Under the Haddam Neck
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Valve IST Program, these four (4) MOVs are Category B valves.

Per ASME Section XI, Subsection IWV, Article IWV-2200 (a),
Category B valves are thouse for which seat leakage in the closed
position 1s inconsequential for fulfiliment of their function,
Because they are Category B valves, the only testing they are
subjected to are full-stroke exercising, stroke time measurement,
and observation of actual valve pesition.

These valves are considered the inboard pressure isolation boundary
between the RCS and lower pressure piping, with either valve DH-MOV-310
or DH=V=3.i1 being considered the outboard i1solation boundary. The
concern here 1s that even though these valves normally undergo full
stroke exercising, stroke time testing, and verification of valve
position every cold shutdown or refueling, they are not leak tested.
The best indicator of valve 1nzegrity with respect to pressuve
fsolation would be satisfactory leak tests results. Additionally,

Category b valves are defined as those in the closed position where
seat leakage is inconsequential. If a valve is to be considered the
pressure isolation boundary, seat leakage should be a prime concern,

One additional concern involves the opening of these MOYs at a

certain frequency to take chemistry samples. The process of opening
and closing these valves frequently increases the possibility that
they will not reseat properly. If the valve does not reseat properly,
the effectiveness of the valve 2o perform as a pressure isolation
boundary could be greatly hindered.




5.2.3 Other Valves Not Considered PIVs Within the IST Program

Valve Nos. DH-V-539, 529, 516, and 502 are hand operated globe valves
which are categorized as passive valves under the Haddam Neck Valve
IST Program (see Table 5.4). Passive valves, as defined by Sub-
section IWV, Article INV-2100 are valves which are not required to
change position to accomplish & specific function., Furthermore,

these passive valves are not required to undergo any specific testing.

These valves are considered the inboard pressure isolation boundary
between RCS and lower pressure piping, with eitrer valve DH-MOV-310
or DM=V-311 being considered the outboard isolation boundary. They
are normally opened during refueiing outages to drain the steam
genzrators. The concern here i1s that because these valves are
categorized as passive ana undergo no testing, the integrity of these
valves with respect to pressure isolation is indeterminate. These
valves have been in existence at the plant for over twenty (20) years
anc have been opened periodically; however, because they are categorized
&5 passive, there is no way to determine to what extent they are
performing their intended function as isolation valves.

One additional anomaly is the fact that Valve Nos. SI-V-863A, 8638,
863C, and 863D, which are on the Safety Injection Test Recirculation
Lines, are categorized as Passive by the IST Program yet are included
on Table IWV-4 as PIVs and do undergo leak testing.

5.2.4 Core Deluge Valve Nos., SI-MOV-871A and 8718

These two Core Deluge valves (SI-MOV-871A and 8718) are listed on
Table IWV-4 of the Haddam Neck Valve IST Program as PIVs, Furthermore,
since they are Categorized as Type A valves per ASME Section XI,
Subsection IWV, they must undergo full stroke exercising, stroke time
measurement, leak testing, and valve position indication. These
valves, in conjunction with Valve Nos. SI-CV-872A and 872B, are
considered, by the Licensee, to be the two pressure isolation boundaries
between each of the two Core Deluge lines and the Low Pressure
Injection System. Because of the configuration of valves SI-MOV-871A
and SI-CV-872A together and SI-MOV-871B and SI1-CV-872B together, the
Licensee identified that it is physically impossible to leak test the
two MOVs. The two valve bodies (871A and 872A) are welded together,

To test reverse leakage against the check valves (872A and 872B), the
MOVs can be opened to isvlate the check valves themselves to get
accurate test data. The only way to perform a leak test on the MOVs
would be to get flow frem the LPI system, through the check valves,

and up against the closed MOV; however, due to the close proximity of
these valves tuo the reactor head, physically there 1s no adequate
means to measure the amount of leakage across each individual MOV,
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TABLE 5.1

Pressure Isolation Valve Maintenance History

Ledgend

P =~ Power Operation

H « Hot Shutdown

C « Cold Shutdown

R = Refueling

PM « Preventive Maintenance
CM - Corrective Maintenance
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TABLE 5.1
PRESSURE I1SOLATION VALVE MAINTENANCE HISTORY

Valve Number : PM/CM : Date : Unit Status : Description : Cause :
MOV-803 (Loop 2 Outboard CM 03/18/86 R Rewoved cabling and conduit Safety-related valve not
isolation) from old valve. Reconnected EQ qualified.

cable and conduit to new
valve. Set limit switches
to CMP 8.5 - 25. Recorded |
start, run, and torque

currents and bus volts.

Inspected rotor with a

boroscope per G5P-87-154

was sat. Tested MOV sat. |
Checked motor pinion grease l
level, 0K,

PM 10/03/87 R Performed PMP 9.5 - 4, PM ]

12/01/87 Removed T-drain and placed NRC EQ inspection.
bracket under motor,
reinstalled T-drain 88-170.

-M0Y-804 (Loop 2 Inboard 03/18/86 Disconnected cabling and Safety-related valve not
R isolation) coduit from the old valve. EQ qualified.
Reconnected cabling and
conduit to mew vavle. Set
limits per CMP 8.5 - 25.
Recorded voltage and current,
timed the valve.

10/03/87 Boroscope inspection of PM
rotor, was sat. Performed
PMP 9.5-4. Tested MOV sat.
Checked motor pinion grease
level, 0K,




L Valve Number

TABLE 5.1
(CONTINUED)

PM/CM Date

: Unit Status :

Pescription Cause

-MOV-780 (Loop 1 Inboard

R isolation)

<

:

-MOV-781 (Loop 1 Outbeoard
R isolation)

CM 03/18/86 R

PM 10/03/87 R

M 03/18/86 R

PM 10/03/87 R

Other 12/01/87 s

Removed cabling and conduit
from the old valve. Recon-
nected cabling and conduit
to new valve, Set limits
per CMP 8.5 - 25. Recorded
start, run, and torque
currents, bus volts.

Safety-related valve not
£Q qualified.

Performed PM per PMP 9.5 - PM
4. Reliability engineering
inspected rotors with boro-
scope per GSP-87-154. Ko
problems noted. Tested sat.
Checked motor pinion grease
level, OK.

Removed cable and concuit
from old valve. Reconnecied
cable and conduit to new
valve. Set iimits per CMP
8.5 - 25. Recorded start,
run, torque, currents, and
bus volts.

Safety-related valve not
EQ qualified.

Performed PMP 9.5 - 4. PM
Inspected rotor with boro-

scope per SSP-87-154. Tested
MOY sat. Checked motor

pinion grease levei, OK.

Removed T-drain and placed
bucket under metor. T-drain
installed on RB-169.

NRC EQ inspection



TABLE 5.1.

(CONTIKUED)

Valve Number : PM/CM : Date : Unit Status : Description : Cause -
-MOV-871A (Core Deluge M 2/27/85 R Add jumpers, set limit Safety-related valve not
stem) switches and red lined con- EQ qualified.

trol circuit, recorded start,
run, and torque currents.
Other 10/29/87 R Perform MOVATS test. MOVATS

™ 02/28/88 R Adjust packing. None stated.

PM 02/28/88 3 Performed PMF 9.4, inspect PM
and lubricate.

-MOV-£718 (Core Deluge CM 03/04/86 N Add jumpers, set limit Safety-related valve not
stem) switches and red lined con- EQ qualified.
- trol circuit. Recorded
" start, run, and torque
currents.

CM 04/09/86 K Moved grease relief Grease relief valve in
fitting to high point on wrong location on operator.
operator.

Other 10/28/87 R, Installed blank flange, Per SPL 10.7 - 326 verify
bolts, and nuts. Placed closure of valve.
items in hot shop to be
deconed.

Other 10/29/87 - Performed MOVATS testing. MOVATS

CH 0z/28/88 R Adjust packing.



TABLE 5.1

{CONT INUED)
Valve Number PM/CM Date : Unit Status : Description Cause
-CV-8728 (Core Deluge CM 10/27,84 C Disassembled and removed Gasket debris in valve.
eck Valve) gasket debris. Reassembled
with new seal ring.
-CV-862A (Locp 1 Safety Other 09/1e/87 R Performed visual examination Visual examination required
Jection check valve) of valve and flange bolting. per CY/ISI program.
CM 10/05/87 R Removed bonnet. Scotch Valve failed leak test due
brite seating surfaces. to water soluable dam
Cleaned out water soluable material inside valve.
dam material. Installed
bonnet and new gasket.
1-CV-8628 (Loop 2 cold leg cM C4/21/86 k Disassembled, ground seats, Excessive seat leaka
afety injection valve) and weld repaired seats. during ILRT (i5 psig?eand
3" Crane swing check valve) Reassembled flapper arm subsequent LLRT (40 psig)
and blue checked sat. on due to wear on flapper arm.
E 4/16/86. On 4/20/86,
reissued for rework. Dis-
assembled, inspected, weld
repaired flapper arm, blue
checked, sat.
M 09/06/87 R Disassembled valve, replaced Valve has failed numerous

swing arm and shaft,
installed new disc, lapped
disc. Seat was a little
bit hammered. Ground seat
to fine finish, lapped seat
to disc. Blue checked and
got 360 degree contact..

penetration tests and has
been reworked internally
twice by Atlantic Valve.
Note: Records indicate

a recommendation to
replace the valve beciuse
of worn seat.



Valve Number : PM/CM

Date

TABLE 5.1
(CONTINUED)

: Unit Status :

Description :

Cause %

cH

o«
&

1-CV-862C (Loog 3 Safety Other

njection valve

1-CV-862D (Loop 4 Safety
njection check valve)

Other

I-MOV-861A (Loop 1 Safety CM
njection stop valve)

09,18/87

09/18,87

09/18/87

05/20/86

k

Loosened all bolts but one.
Removed cover and found a
cloth rag stuck between

disc and seat. This debris
is water soluable dam
material from upstream valve
installation job. Continued
filling with water from down-
stream. Lapped seats and
blued. Got good contact.
Replaced gasket and reas-
sembled valve. Valve
passed LLRT.

Performed visual examinaticn
of valve and flange bolting.

Performed visual examination
of valve and flange bolting.

Disconnected cable and con-
duit from old MOV, recon-
nected conduit to new MOV,
Raychem motor leads, set
limit switches per CMP 8.5 -
25 and recorded start, run,
torque currents, and bus
voltage.

Valve failed numerous pene-
tration tests after rework.

Visual examination required
per CY/ISI proaram.

Visual examination required
per CY/ISI program.

Safety-related valve not
EQ qualified.



TABLE 5.1
(CONTINUED)

Valve Nunber 2 P¥/CM : Date : Umit Status : Descriptior 2 Cause

-

Other 07/22/87 H Perform MOVATS o/P Flow MOVATS
Test. Removed spring
pack dust cover. Imstalled
thrust measuring device.
Recorded open and closed
valve operation. DNeassembled
vaive.

Other 08/15/87 H Connected MOVATS. Tested MOVATS
equipment and recorded as-
found signatures. Left
equipment as-found,

M 10/03/87 3 Performed PMP 9.5 - & PM
inspect and lubricate.

M 10/29/87 = Adjusted packing. Cleaned None stated.
of f beric acid build wp
from valve packing.

(8] 63/08/88 -~ Performed MOVATS at MCC-5. MOVATS
Motor lead unit test (MLU).

{-mv-smn {Loop 2 WPI ™ 04/21/86 = Cleaned and tightened Dirty and loose packing.
lop valve) packing.

M 04/16/86 R Installed Raychem on motor T-drains in wrong location,
leads and moved T-drains to wotor leads need Raychem.

proper location.

cM 04/23/86 o Added three jumpers to the Safety-related valve not
valve. Red lined the con- EEG gqualified.
trol circeit and set the
Timit switches.



TABLE 5.1

(CONTINUED)
Valve NHumber PH/C® Date : Unit Status Description : Caus2 :
Other 08/05/87 H Performed POVATS, found a MOVATS
spring pack gap, couid not
remove gap, reset torgue
switches.
Other 09/20/37 S Performed MOVATS in con- MOVATS
junction with ECCS flow
test. ECCS test stopped
dve to flow equipment
failure.
™ 08/05/87 - Disasc wbled and bled Spring pack compressed per
spring pack, cleaned and MOVATS test finding.
o reassenb led.
PM 08/06/87 R Performed PH ( inspect and Performance of PM
lubricate) per procedure
PMP 9.5-4.
Other 03/08/27 3 Performed MOVATS MOVATS
] -MOV-861C (Loop 3 safety ™ 04/08/86 - Reylaced body to bommet Valve had body to bommet
njection isolation) gasket. fleaned off bor - Teak.
acid build ap.
CcM 04/16/86 ¥ Installed Raychem on T-drains in wrong location.

motor leads and moved
T-drains te proper
location.

Motor leads needed Raychem
for £Q reguirement on 1KV
cable.



Valve Kumber

PH/CH

Date

TABLE 5.1
{CONTINUED)

: Unit Statws :

Description

Cause

-MOV-861D (Loop 4 safety
jection isolation)

Other

Other

04/24/86

09/23/87

10/08/87

10/19/84

04/16/86

04/29/86

08/22/67

Disconnected cables,
reconnected cebles and
added three jumpers, set
1imit switches per CMP
8.5-25. Red lined con-
trol circuit.

Performed MOVATS testing.
Found valve backseating,
lots of grease in spring

pack.

Performed PMP 9.5 - 4,
inspect and lubricate.

Replaced body to bonnet

asket, torgued bolts,
took up on packing.

Installed Raychem on
motor leads and moved
T-drains to proper
location.

cabling, set limit switches
per (MP 8.5 - 25 and red
lined control circuit.

Performed MOVATS on valve.
Found valve backseating.

Safety-related valve not
£Q qualified.

MOVATS testing

Body to bonnet leak.

T-drains in wrong location.
Motor leads need Raychem,

Safety-related valve not EQ
qualified.

MOVATS



TABLE 5.1

(CONTINUED)
Valve Number PH/CM Dete : Unit Status : Description Cavse :
PM 10/08/87 3 Performec PMP 9.5 - 4 M
inspect and lubricate.
CH 03/08/E8 {3 Performed MOVATS wotor MOVATS
lead unit test,
-MOV-310 (RCS drain cooler 4] 04/22/86 . Disassemble, inspect, M
tlet valve) repair, and lubricate.
M 08/14/87 3 Inspect and lubricate. M
Record number of limit
switch rotors.
CW 10/16/87 B Torque switch setpoints Change torque switch
cthenged from 1.0 open and settings.
closed to 2.0 open and
closed.
M 10/21/87 = Changed torgque switch Change torque switch
setting to 4.5 setting.
M 01/07/88 - Investigate and test com- Problem with control circuit,
trol circuit as necessary.
Verified wiring as noted on
drawings.
H-V-539 (Loop 1 RCS drain ™ 08/25/64 R Repack gland, clean off Boric acid on packing gland.
alve) boric acid on stem,
tighten packing.
H-V-539A (Leop 1 RCS draim cm 09/08/84 C Repack valve Packing gland bolts backed

alve)

out and packing coming out of
stutting box.



TABLE 5.1

(CONTINUED)
Valve Number - PM/CM Date : Umit Status : Description Cause
-MOV-544 (Loop 1 MOV drain M 03/19/86 B Disassemble, inspect, PM
ader isolation valve) repair, and lubricate.
cM 04/19/86 R Reterminate uasatisfactory None stated.
terminations.
Other 09/18/87 R Perform viseal examination I1S1 requirement for viswal
of valve and flange bolting. examination.
PM 10/01/87 k Disassemble, inspect, PM
repair, and lubricate,
e M 10/249/87 i Replace breaker. M
-V-529 (Loop 2 RCS drain CM 08/25/84 C Repack valve, clean off Boric acid leaking through
alves) boric acid, tighten gland packing.
-MOV-534 (Loop 2 MOV drain PM 03/11/86 3 D sassemble, inspect, None stated.
alve) repair, and lubricate.
Other 09/18/87 e Perform visual examination Visual examination required
of valve and flange bolting. per ISI program.
PM 10/01/87 3 Disassemble, inspect, None stated.
repair, and lubricate.
-¥-516 (Leop 3 RCS drain CcM 0%/06/88 3 Adjust packing as necessary. Packing leak.
alve)
-MOV-521 (Loop 3 drain ™M 08/31/84 b Renlaced gland eye bolts. Gland eye bolts severly
alve) corroded .
M 03/19/86 k Disassemble, inspect, PM

repair, and lubricate.




TABLE 5.1

(CONT IMUED )
Valve Number : PM/CM :  Date : Umit Status : Description : Cause o
Other 09/18/87 - Perform visual examination Visual examination required
of valve and flange bolting. per CY ISI program.
M 10/01/87 R Disassemble, inspect, M
repair, and lubricate.
-MOV-507 (Loop & drain valve) PM 03/18/86 S Disassemble, inspect, "M
repair, and lubricate.
M 10/01/87 3 Disassemble, inspect, PM
repair, and lubricate.
~ CcM 03/05/88 C Adjust packing as necessary. Packing leak.
-V-502 (Loop 4 RCS drain valve) (M 09/22/84 C Tighten down gland follower. None stated.
CM 03/20/86 R Adjust packing. Nore stated.




MAINTENANCE HISTORY

TABLE 5.1
(CONTINUED)

Yalve Number PM/CM Date : Umit Status : Description 3 Cause
-ADV-230 (Let down header ™ 09/19/87 - Adjusted packing that was New valve packing wasn't
ip valve) leaking during hydro. adjusted.

c™ 01/28/88 R Replaced diaphragm. Manufacturer suggestion to
change diaphragm. Note:
Work was delayed due to
poor procedure.
-MOV-200 (Let down iso. to M 04/16/86 B Installed Raychem on Safety-related valve not
n Hx) motor leads and moved EE) qualified. Also,
T-drains to proper loca- T-drains were in wrong
tion. location.
M 05/20/86 3 Tested new overload relay £Q
with new 0/L heater
replaced old 0/L relay with
new one.
CcM 05/20/86 L Disconnected cables, EQ
recomnected cables, added
Jumpers, set limit switches,
red lined the contrel circuit.
CM 05/20/86 S MOV overlvads are undersized Wrong size installed per
for tie motor current drawn. PA B0-201.
Installed new 0/L heaters per
DCN 80-201-1, tested heaters
per M8.5 - 1726.
M 07/30/86 H Adjusted pacing. Leak off Packing out of alligmment,

line seems to have cooled
down .



Valve Number

PM/CH

Date

TABLE 5.1
(CONTINUED)

: Unit Status :

Description 3 Cause

-MOV--200

(8

M

10/06/87

01/23/88

02/09/88

03/05/88

Performed PM per PMP 9.5 - 4, PV
Inspected and lubriaced ME-51
Tmitorque.

Removed motor, disassembled, Grease in motor.
remuved grease, reassembled,

installed and tested. New

Timit switch gasket installed.

Removed space heater from

motor.,

Removed foreign saterial Valve would not cycle
from between closed torque electrically.

switch contacts. (Appeared

to be pipe covering insula-

tion material.) K

Adjusted packing, tightened Packing and body to bonnet
down body to bonnet bolts. bolt leak.




The Haddam Neck Valve IST Program adJresses this particuler situetion
as follows:

“CO-MOV-871A/B and CD-CV-B72A/B are welded to one another with no
provision for leak testing CD-MOV-871A/B using reactor coolant pressure,

At system hydrotest at startup, CO-MOV-871A/B are open thus subjecting
CO-CV-872A/B to reactor coolant pressure. Leakage 1s measured at this
time,"

Note: P&ID No, 16103-26028, "Resfdual Heat Removal System" identifies
these valves s “"S1" for Safety Injection while the Valve 1ST
Program for the second interval identifies them as "CD* for Core
Deluge. They refer to the same valves.

The situation that exists here 1s similar to that previously fdentified
for Velve Nos. DH-MOV-544, 534, 521, and 507. The valves (DH-MOV-871A/B
and DH-CV-872A/B) which constitute the two pressure Ysolation boundaries
between the RCS and & lower pressure system (in this case LPI) have

been identified within the Valve IST Program; however, one of the two
valves tn series (in this case MOVs DH-MOV-871A/E) 1s not subjected to
leak testing to ensure valve integrity.

5.2.5 Velve No, S1-MOV-873

Presently, this valve 1s & hand operated gate valve located inside
conteinment just outboard of the cure oeluge valves SI-MOV-871A/B and
S1-CV-872A/8. During the 1989 outage, the Licensee wil| chango the
actuation of this valve to a motor cperated ty:c , controllable from
the Control Ruom. Changing the actuation of this velve will greatly
increase the effectiveness in mitigating an ISL on the core deluge
Iine. If an ISL were %o occur due to the failure of the two core
deluge PIVs in serfes, valve SI-MUV-873 would be available to either
stop the loss of inventory outside containment or to confine the loss
of inventory to inside the containment.
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TABLE 5.3

PRCSSURE ISOLATION VALVES IDENTIFIED WITHIN THE HADDAM NECK IST PROGRAM

valve No, iligs Function

S1-MOV-861A

SI-MOV-8618

S1-MOV-861C

S1-MOV-861D

SI-Cv-862A

SI-Cv-8628

SI-Cv-862C

S1-Cv-8620

Sl=V-863A

SI-V-563B

SI-V-863C

SI-V-863D

S1-MOV-B71A

S1-MOV-871B

1-A

i=A

1-A

1-A

1+AC

1-AC

1-AC

1-AC

Loop 1 Safety
Injection 1sol.

Loop 2 Safety
Injection Isol,

Loop 3 Satety
Injection [sol.

Loop 4 Safety
Injection Iso),

Loop 1 SI Isol.
Check - P3

Loop 2 SI Isol.
Check - P3

Loop 3 S1 Isol.
Check - P3

Loop 4 SI Isul,
Check - P3

Loop 1 Test
Recirc. to RWST

Loop 2 Test
Recirc. to RWST

Loop 3 Test
Kecirc, to RWST

Loop 4 Test
Recirc. to RWST

Core Deluge to
RV Head Motor

Core Deluge to
RV Head Motor

size Iype Actuation Norma)
0

3

w

7%

75

75

6

6

74

GA

GA

GA

GA

CK

CK

CK

CK

6L

6L

6L

Gl

GA

Motor

Motor

Motor

Motor

Hand

Hand

Hand

Hand

Motor

Motor

Closed

Closed

Closed

Closed

Closed

Closed

Closea

Closed

Locked

Closed

Locked
Clused

Locked
Closed

Locked
Closed

Closed

Closed

{%gﬁir!d

QMY
LT Pl

QM7
LT Pl

QM
LT PI

QMY
LT Pl
Cv LT
Cv LT
v LT
Cv LT
AT

LT

LT

LT
QMY

LT PI

Q MT
LT Pl



TABLE 5.3 (continued)

Velve No. éln;s Function Size Type Actuation Noruwal
or

T
PosTtion ligsir!d

SI-CV-872A J-AC Core Deluge t0o 6  CK - Closed CV LT

Si-Cv-872B

RH-MOV-780

RH=MOV-781

RH=MOV-803

RH-MOV-804

DH-MOV=310

DH-V=311

Where:
GA
CK

6L
Q

LT
MT

Cv
Pl

RV Head Check

1-AC Core Deluge to 6 CK - Closed CV LY
RV Head Check
1-A Inboard Stop 10 GA Motor Closed Q MT
RCS Loop #1 LT Pl
l1-A Outboard Stop 10 GA Motor Closed Q MT
RCS Loop #1 LT PI
1-A Outboard Stop 10 GA Motor Closea Q MT
RCS Loop #2 LT P]
1-A Inboard Stop 10 GA Motor Closed Q MT
RCS Loop #2 LT Pl
1-A Drain Header 2 GA Motor Closed Q MT
Remote Threitle LT Pl
1-A Drain Header 2 GA Hand Closed LT
gate valve
check valve
lobe valve
xercise valve (full stroke) to verify satisfactory operation per ASME

Section X1, IWV-3411 and IWV-3521.

Valves are leak tested per Section XI, Article IWV-3420.

Stroke time measurements are taken per Section XI, Article IWV-3410
for power operated vaives.

Exercise check valves to the position required to fulfill their
function per Section XI, Article IWV-352]1 except as noted in IWV-3522.
Visually observe, every two (2) years or less, actual valve position
to confirm that remote valve position indications accurately reflect
valve operation, IWNV-3300. Examples of how this can be done are:
verifying local position indicator, or flow, or pressure change, or
stem traveling in the correct direction.
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1.

2.

3.

5.
6.

TABLE 5.3 (Continued)
Notes For Table 5.3

Column “Class/Category” 1ists the ASME Sectfon 111 code class of the valve
as designated by the Licensee and the ASME Section XI, Article IWv-2200
cetegory of the valve.

Column "Test Required" 1ists the testing requirements of Section XI,
Subsection IWV; which 1s not neccesarily the test performed by the Licensee.

Valves SI1-MOV-B61A, 8618, 861C, S1-MOV-871A, 871B, RH-MOV-780, 781, 803,
804, and DH=MOV-310 are full stroke exercised only during cold shutdown,

Valves SI-CV-B62A, 8628, 862C, and 862D are partially stroked every quarter
anu ful) stroked every refueling per Relief Request No. V2.

Valves SI-CV-BE2A, 8628, 862C, and 862D are leak tested every cold shutdown,

Valves S1-MOV-E71A and 871B are not leak tested per Relief Request No. V-6,
Each retueling, the valves shall be verified fully closed by utilizing
MUVATS.

Valves S1-V-863A, 863B, 863C, 863D, and DH-V-311 are classified as Passive
valves by the xs% program,

Valve DH-V=311 1s listed as & gate valve in the IST Progrem and, however, 1t

is depicted as a globe valve on drawing No. 16103-26007, sheet 3 of 3, “P&ID
RCS Pressurizer".
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Yalve No.

DH-MOV-544
DH-MOV-534

DH-MOV-521

DH=MOV-507

TABLE 5.4

YALVES NOT LISTED AS Plvs BY THE HADDAM NECK IST PROGRAM

DH-V-539
DH-V-529
DH-V-516
DH-V-502
Where:
GA

6L
<

MT
Pl

ET

lass Function Size Type Actuation Normal Test
ategory — . Fosition !’g"ulrod
1-B Loop 1 Drain/ 1.5 GA Motor Closed Q MT Pl
Alt. Letdown
1-B Loop 2 Drain/ 1.5 GA Motor Closed Q MT PI
: Alt. Letdown
1-B Loop 3 Drain/ 1.5 GA Motor Closed QU MT PI
Alt. Letdown
1-B Loop 4 Drain/ 1.5 GA Mytor Closed Q MT Pl
Alt. Letdown
1-B Loop 1 Drain/ 1.5 6L Hand Closed ET
Alt, Letdown
1-8 Loop 2 Drain/ 1.5 Gl Hand Closed ET
Alt. Letdown
1-8 Loop 3 Drain/ 1.5 6L Hand Closed ET
Alt. Letdown
1-B Loop 4 Drein/ 1.5 6l Hand Closed ET
A't. Letdown
gate valve

globc valve

xercise valve (full stroke) to verify satisfactory operation per ASME
Section XI, IWV-3411 and IWV-3521,

Stroke time measurements are taken per Section XI, Article IWV-34]0
for power operated valves.

Visually observe, every two (2) years or less, actual valve position
to confirm that remote valve position indications accurately reflect
valve operation, IWV-3300. Examples of how this can be done are:
verifying local position indicator, or flow, or pressure change, or
stem traveling in the correct direction.

Verify and record valve position before operations are performed and
aft:r operations are completed, anc verify that valve 1s locked or
sealed.

77



§.3 Surveillance Program

§.3.1 Surveillance Program for MOVs

This section cetafls the audit performed by the NRC for the Haddam
Neck Surveillance Program for motor operated valves. The details of
the NRC audit for the check valves surveillance program is in section
5.3.2. Each subparagraph under section 5.4.1 will describe the audit
of individual groups of valves identified as PIVs by the Licensee.

§.3.1.1 Valve Nos. SI-MOV-8E61A, 861B, 861C, end 8610

These four (4) valves are 1dentical 3" motor operated gate valves and
they function as the Safety Injection Isolation Valves for each of
the four RCS loops. These valves serve as the pressure interface
between the RCS and the HP] system and they open upon receipt of ar
SI signal to admit weter from the high pressure safety injection
pumps to the RCS cold legs. The procedure review was limited to
pressure isolation test ?leak testing); not full stroke exercising or
stroke time mecsurements, Assessment of the surveillance test
results, however, included stroke time measurement data as well as
the pressure 1soiation data.

Procedure Nu. SUR 5.7-128, “Loop Safety Injection Stop Valves SI-MOV-B61A,

B, C and D Pressure Isolation Test", revision 1 Major, effective date
of June 6, 1989, wes reviewed by the NRC inspector. The procedure
deals with the periodic measurement of any leakage through loop
safety injection stop valves SI-MOV-BE1A, B, C and D. The review
included, but was not limited to the fol‘owing aspects:

a) Is the proper lineup of valves prior to, during, and upon completion of
the test specified tu perform an accurate and safe test for each of the

four valves?
b) 1s the testing frequency per Section X!, Subsection IWV?

¢) Utilization of appropriate and proper test equipment i.e. calibrated
equipment where necessary.

d) Are correct test parameters specified? i.e. utilization of
appropriate test pressures



e) Is the apgropriate plant Mode of cperation specified to perform
this test

f) Is the manner of data collection clearly defined as to how and
when 1t should occur during the execution of the test?

9) Are there appropriate signoffs and approvals?

h) Is the recorded data properly extrapolated into useful units?
f.e., conversion of CC/MIN @ 350 psig to GAL/MIN @ 2000 psig

The NRC team determined that the above mentioned criteria are
correctly contained making for a clear, concise and technically
adequate procedure,

The surveillance test results for Procedure No. SUR 5.7-128 from the
last 3 1/2 years were reviewed for each of the four valves, In 2l
instances, the test frequency met the criteria specified in the
procedure. Test results were below the specified accepiable 1imits
with the exception of one of the four valves. For valve SI-MOV-861B
during the time frame April 7, 1986 to April 20, 1986, six (6) tests
were run, with four out of the six fcil1ng to meet the acceptance
criteria for leakage. The final test, before returning to power, did
meet the specified acceptance criteria. The leak test results for
valve SI-MOV-861B are as follows:

Test Date As Found Leak Acceptance (riteria

atle
4/07/86 1.21 1 GPM @ 2000 psig
4/14/86 1.20 y
4/16/86 0.95 »
4/18/86 1.18 ’
4/19/86 1.06 ’
4/20/86 0.08 "

Further aiscussions on the sequence of events relative to this velve
feiling to meet the specified acceptance criteria are discussed in
section 7.1 of this report.

It was also verified that for the past 3 1/2 years, stroke time
testing had been performed during the frequencies specified by ASME
Section X1, Article INV-3410, Furthermore, the test results indicate
that all four valves had met the specified acceptance criteria for
stroke time testing.
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5.3.1.2 Yalve Nos, SI-V-B63A, B63B, B63(, and 863D

These four (4) valves are fdentical 3/4" hand operated globe valves
on the HPSI recirculation l1ines. These lines penetrate the colo leg
{njection 1ines between the check valve and the SI stop valves,
These four valves, which are normally locked closed, isolate the
recirculation 1ine to ensure 211 flow 1s directed into each of the
RCS cold legs. The only testing performed on these valves is the
pressure isolation test (leak testing).

Procedure No. SUR 5.7-66, "Safety Injection Recirculation, P-24",
revision 5 Major, effective dete of February 17, 1589, was reviewed

by the NRC inspector. The procedure deals with the periodic measurement
of any leakage through safety injection recirculation valves SI-V-863A,
B, C and D. The scope of this procedure review was similar to that
described in the previous section for Procedure No. SUR §.7 128,

Based upon this review, the NRC inspectour determined the procedure is
clear, concise and technically adequate.

The surveillance tes®t results for Procedure No. SUR 5.7-66 from the
last 3 1/2 years were reviewed for each of the four valves. In all
instances, the test fregquency met the criteria specified in the
procedure. Test results were below the specified acceptable limits
in a1) instances reviewed.

65.3.1.3 Valve Nos. S1-MOV-871A and 8718

These two (2) valves are identical €" motor operated gate valves on
the reactor head core deluge lines. These two valves are normally
closed and will open upon actuation to allow water from the RHR pumps
into the core deluge lines.

Because of the location ano configuration of these valves, 1% 1s
physically impossible to perform a pressure fso’ation test i.e. leak
test. [Each valve is welded to 1ts corresponding check valve (either
valve SI-CV-872A or 872B). If flow is sent to these valves from the
RHR pump side, there 1s no way to measure the lezkage of the valve
because 1t 1s s0 close to the reactor head. If flow is sent from the
reactor head side of the valve, the flow would also be acting against
the check valve which 1s welded to this valve; therefore, an accurate
getermination of loakave across the valve could not be made unless
the check valve was held open. This is impractical to do. Relief
against leak testing was obtained by the licensee and 1s depicted as
Relief Request V-6 in the Licensee's Valve IST Program,
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It was verified, however, that for the past 3 1/2 years, stroke time
testing had been performed during the frequencies tpeci?iod by ASME
Section XI, Article IWNV-34]0, Furthermore, the test results indicate
thet a1l four valves had met the specified acceptance criteria for
stroke time testing.

§.3.1.4 Valve Nos. RH-MOV-780, 781, 803 and 804

These four (4) valves are fdentical 10" motor ogeratod gate valves.
RH-MOV-780 and B804 are the inboard i1soletion valves that isolate the
high 8rvssuro RCS loops from the low pressure RHR system, RH<MOV-78]
and 803 are the outboard 1solation valves. Valves RH«MOV-78B0 and 781
isolate the loop 1 hot log from the RHR pump suction., Valves RH-MOV-B803
end 804 1solate the loop 2 cold leg from the RHR heat exchanger
discharge. The procedure review wes limited to pressure fsolation

test (leak testing); not full stroke exercising or stroke time
measurements, Assessment of the surveillance test results, however,
1n§ludcd stroke time messurement data as well as the pressure 1solation
oata.

Procedure No. SUR 5.7-5.1, "Hydrostatic Test", revision i4, effective

dote of October 27, 1987, was reviewed by the team. The procedure

deals with testing of the RCS to verify i1ts leek tightness after

the system has been opened for refueling or maintenance. Additionally,

the procedure verifies the leak testing of PIVs RH-MOV-780, 781, 803
and 804, The portions of the procedure which were reviewed dealt
only with the leak testing of the four isvlation valves. The scope
of this procedure review was similar to that described in the previc
section 5.4,1.1 for Procedure No. SUR 5.7 128.

It was determined that the procedure 15 well written in that 1t was
concise and clear. It was also technically adequate to determine the
amount of leakage through each of the four above mentioned RHR
isolation valves,

The surveillance test results for Procedure No. SUR §.1-1 from
approximately the last 5 years were reviewed for each of the four
valves. In al) instances, the test frequency met the criterie
specified in the procedure. Test results were below the specified
acceptable Timits in all instances. It was also verified that for
the past 3 1/2 years, stroke time testing had been performed during
the frequencies specified by ASME Section XI, Article IWV-3410.
Furthermore, the test results indicate that all four valves had met
the specified acceptance criteria for stroke time testing.
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6§.3.1.5 Valve Nos. DH<MOV-310 anc DH-V-21]

Yalve DH-MOV-310 15 a 2" motor operated gate valve. Its function is
to 1solate and regulate the flow of the RCS drein header. Valve
DH«V<311 15 & 2" hand operated globc valve, Its function is to
1s0late the RCS drain header. The procedure review was limited to
pressure fsolation test (leak testing); not full stroke exercising or
stroke time measurements, Assessment of the surveillance test
results, however, included stroke time measurement deta, 1f applicable,
as well as the pressure isolation data.

Procedure No. SUR 5.7-46, “Loop Drains Heuder, P-41", revision 7
major, effective date of June 28, 1988, was reviewed by the NR(
inspector. The procedure deals with the perfodic testing of leakage
for valves DH-MOV-311 and DH-V-310, The scope of this procedure
review was similar to thet described in the previous section 5.4.1.1
for Procedure No. SUR 5.7 128.

It was cetermined that the procedure 15 well written in that it was
concise and clear. It wes also technically adequate to determine the
amount of leakage through each of the two above mentioned drain
header isolation valves.

The surveillance test results for Procedure No. SUR §.7-46 from
apgroxinutcly the last 3 1/2 years were reviewed for each of the
valves.

It was also verified that for the past 3 1/2 years, stroke time
testing for valve DH-MOV-310 had been performed during the frequencies
specified by ASME Section X1, Article IWV-3410, Furthermore, the

test results indfcate that the valve had met the specified acceptance
criterfa for stroke time testing.

82



5.3.2 Surveillances of HP] and Core Deluge Check Valves

The audit team reviewed the surveillances of the licensee's check
velves in the HP1, LPI, and RHR systems which were clessified as
Pressure Isolatfon Valves (PIVs). There PIVs provided one of the
barrier between high pressure reactor coolant system piping and the
lower pressure Emergency Core Cooling System (ECCS) pip\n’. The
review purpose was to determine the extent ang adequacy of the
surveillances currently being performed on the check valves:

SUR §.7-135, Original, ;HPS! and LPSI Discharge Check Valve Operability
est”
SUR §.7-111, Rev.02, "Leak Testing of Core Deluge Check Valves"
SUR 5.1-4, Rev, 22, "Core Cooling Systems Mot Operational Test"
SUR §.7-65 Rev. 00, "Loop Safety Injection P-3 Isolation Valves
SI1-Cv-862 A, B, C, and D Local Leak Rate And
Pressure Isolation Testing"

These procedures were, in general, thorough, comprehensive and well
written. Not only were the check valves testeo to verify that they
will pass the full required flow, but also, they were tested to
ensure that back leskage wes not excessive. Licensee's back-leakage
acceptance criteria for these check velves was 1 gpm. There were no
check valves classified as Pressure Isolation Valve in the RHR
system.

Although the procedures were genorully comprehensive, surveillance
procedure SUR 5.7-111, "Leak Testing of Core Deluge Check Valve"
recuired a procedural clerification in that 1t did not specify RHR
pump operation when measuring leakage across SI-V-875, Sl-V-873 is a
core deluge header combined discharge valve which is presently &
menue ] 1solation valve that is scheduled to be converted into @
motor-operated velve guring the upcoming outage. Although SUR
§.7-111 15 performed to measure leakage across SI-CV-B72A & & (see
Figure 4.5), leakage across SI-V-873 15 ulso measured to ensure
accurate Tezkage test data for the core deluge check valves. Ffor
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leakage tests of S1-V-873, leak measurements are taken &t the drain
valves SI-V-873A & B, SI-V-073]1 in parelle] with the core deluge
check valves., Consequently, 1t is important that any leskage across
S1-V-873 be accurately determined %o prevent excessive leak rates
from being assigned to the core deluge check valves in the event
SI-V-873 s lea 1n8. Although the surveillance procedure imply the
requirement for RHR pump operation, the procedure does not specify
the operstional requirement of the pump, and the surveillance can be
performed without implementing this important prerequisite.

hdditionaily, the licensee was not performing internal visual
examinetion of any of the check valves in the HP]l and core deluge
headers for wear and detection of internal check valve prob lems,
Although these check valves are not routinely in service because

of the systems in which they are located, they have been in service
for over 20 years and some wear on the valve internals should be
expected. In fact, the team found that because of the hinge mechanism
fatlure in check valve, SI-CV-B62B, located in one of the four HPI
injection 1ines, licensee experienced & 50.9 gpu leak. This type of
check valve problem coula have been detected and prevented through
internal examination of check valves, Furthermore, the fmportance of
proper check valve operution and integrity 1s even more important in
the core deluge system, where check valves, SI-CV-B62A & B provide

the only testable pressure 1solation valve because 1ts downstream
PIVs, SI-MOV-E71A & B, cannot be Teak tested due to 1ts physicel
proximity to the Reactor Vesse! head and these check valves,
Consequently, the licensee does not know whether S1-MOV-871A or
SI-MOV-8718 1s presently in & condition to act &s @ pressure isolation
barrier between hig" pressure reactor coolent system and & relatively
lower high pressure injection header,
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6.4 14C Surveillances and Program

5.4,1 Reactor Coolant Pressure Channel Calibration

The audit team reviewed Instrumentation and Controls (14C) procedure
SUR §.2-52, “"Reactor Coolant Pressure Channe! Calibration”, used to
calibrate the pressure instrument and 1ts associated instrumentation.
The instrumentation provides the pressure interlock that prevents the
inadvertent opening of RH-MOV-780, 781, 803, and 804 when reactor
coolant pressure s above 400 pounds.

The procedure wes well written, comprehensive and no discrepancies
were found, The values (RH-MOV-780, 781, 803, and 804) provide the
¢coo ldown lineup to cool RCS from 300°F to cold shutdown by providing
& sucticn path from loop 1 hot leg vie KH-mov-780, 781 and discharge
path to loop 2 cold leg vie RH-MOV-B803 and 804, fno purpose of the
rocedure was to calibrate the channel output of pressure transmitters
«403 and 404 such that 1t responds with acceptable range and accuracy.
both P-403 and 404 "As Found" values are taken and pressure instruments
are calibrated if the "As Founds" do not fall within the acceptable
range. Adaitionally, other associeted fnstruments such as various
pressure moniters, recorders, controllers, indicators are calibroted
in this procedure. SUR 5.2-52 1s performed at least once every 18
months and 1t was lest performed on Cctober 20, 1987,

§.4,2 MOV Torque Switch Settings

The audit team reviewed the licensee's control of MOV torque switches
for the PIVs in the RHWR, HP] and the Core Deluge Systems. The
licensee appeared to have adequately fmplemented controls on their
pressure isolation valve MOVs. Torque switch bypasses, torque
switches and position 1imit switches were set correctly to aiiow
proper valve operation with meximum differential pressures expected
on these valves during both normal and abnorme! evenis within the
design basis. The survefllance status of the PIVs are summarized

in Table 5.5.

There are currently ten motor-operated valves classified as PlVs by
the license¢ in the RHR, WPl and Core Deluge systems., Four of these
ten MOVs in the HP] discharge line have been analyzed to determine
their meximum differentizi pressure expected during both opening and
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closing the valve for both norma)l and abnorme! events within the
existing design besis. Torgque switches for two MOVS in the core
deluge discharge 1ine and four RHR i1solation valves have not been
analyzed to determine their expected torque value associated with the
maximum differential pressure expected during both opening and
closing for both normal end abnorma) events. This will ensure proper
valve operatfon. Presently all six of these torque switch settings
have been set to vendor recommended values. These MOVs in the RHR
and the Core Deluge systems normally do not expect to see high
differential pressure during normal use and were not required to be
evaluated in accordance with IE Bulletin 85-03., However, because of
the importance of the valves as PIVs, the audit team expressed some
concern as to whether the presently set torque switch settings would
be :?:?uato for valve operation during potentia) postulated accident
con ons.

Adjustment of Limitorque 1imit and torque switches are performed using
licensee's maintenance procedure PMP 9.5-215.1, “Limitorque Operator Removal,
Installation and Adjustment." The full open limit switch 1s set by fully
opening the valve manually and then manually closing the valve slightly (1/4
turn to a few turns beyond engagement depending on valve size) to allow for
coasting and to prevent backseating. Also, the full open limit switeh is
used to de-energize the valve position green 1ight (close indication). Full
close 1imit switch 1s set in a similar fashion. The valve is manually closed
end then opened slightly until valve stem just starts to move, or the valve
1s just off the seat. Additionally, normally full closed limit switch 15 set
to de-energize the valve position red 1ight (open light). The torque bypass
switcnes are set by first calculating the number of handwheel turns to obtain
full stroke and then ensuring that the open and close torque switch bypasses
fall within the acceptable range of valve stroke as foilows:

Upen Bypass Maximum 25 percent of Full Stroke
Open Bypass Minimum 15 percent of Full Stroke
Close Bypass Maximum 10 percent of Full Stroke
Close Bypass Minimum 5 percent of Full Stroke

Torque switch adjustment is made by referring to the the master setpoint
11st to obtain the proper setting and any adjustment made accordingly.
Additionally, changes to torque switches cannot be made without an approved
setpoint change request and an independent verification is required to
ensure that 1t 1s set properly.
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Table 5.5 PLV Surveillances

Adequately Aoequately Torque Switch
Valve #s: Lesk Tested  Stroke Tested Properiy Set/Controlled
RH<MOV-780 Y Y Ind./NEC
RH-MOV-781 \ Y Ind./NEC
RH-MOV-803 Y Y ind./NEC
RH-MOV-804 Y Y Ind./NEC
SI-MOV-BE€1A Y Y Ind./NEC
SI1-MOV-861E Y Y Ind./NEC
SI1-MOV-861C. Y Y Y
S1-MOV-861D Y Y Y
SI=MOV-871A (1) Y Y
SI-MOV-8718 (1) Y Y
DH-MOV=507 N(2) Y Ind. /NEC
DH-MOV-521 N(2 Y Ind./NEC
DH-MOV-534 N 2§ Y Ind./NEC
DH-MOV-544 N(2 Y Ind./NEC
DH-V-502 Nézg N/A N/A
DHV-516 N(2 N/A N/A
Dh=V=529 N(2) N/A N/A
OH-V-£3% N(2) N/A N/A
DH-V-311 Y N/A N/A
DH-MOV-310 Y Y Ind./NEC
Valve #s: Full Flow Reverse leakage Internal Exam
S1-CV-862A Y Y N
$1-CV-862B(3) Y Y N
SI-Cv-862C Y Y N
$1-Cv-8620 Y Y N
SI«CV=§72A \ \ N
S1-Cv-8728 Y Y N

NOTES:

(1) These PIVs cannot be leak tested due to their close proximity to their
upstream check valves.

(2) Presently the licensee does not consider these valves to be PlVs and
therefore no leakage test 1s performed.

(3) SI-Cv-B62B has recently experienced numerous problems . This check
valve wés found to have 50 gpm backleakage during a routine surveillance on
04/07/86 and was reworked five times between 04/07/86 and 04/17/86 in order
to bring 1ts backleakage specification below 1ts acceptance criterfa of 1
gpm, The initial failure appeared to have been check valve hinge pin wear
causing misalignment of the check valve disc and 1ts seat. Additionally,
this valve failed 1ts leakage test again on 07/30/87 and subsequently
reworked on 08/06 and 09/18/87. Licensee has not had problems with their
other check valves that are considered PIVs,

Ind./NEC: Indeterminate/No Engineering Calculations have been performed to
determine the required torque switch setting
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5.5 Administrative Controls

It was found that the licensee's administrative program, provides for
adequate control of all maintenance, testing, and surveillance activities
relevant to the plant's PIVs, Maintenance histories are entered into

and tracked on & datebase called the Production Maintenance Management
System (PMMS). Test results are also stored on a database and are readily
retrievable. Maintenance and testing procedures are generally well
written. The licensee is in approximately the fifteenth month of a 2-year
procedure rewrite program which 1s scheduled to be completed by January
1980, Excellent coordination of activities 1s provided to the plant
staff by the governing groccaures which are in place and functioning.
Examples include ENG 1.7-55, “Documentation and Evaluation of Inservice
Valves Testing", ACP 1.2-11.3, "Retest/Functional Verification, and PMP
9.5-0, "Maintenance Department Preventive Maintenance Program". There

is also 2 procedures writing guide which standardizes the format of newly
written procedures and provides guidance to the writer.

The plant staff provides good control of the hardware modification and
review process. Plant Operations Review Committee (PORC) meetings are
run smoothly and safety evaluation written to support the 10 CFR 50,59
review process ere well written, The team attended the July 26, 1989
PORC meeting which discussed and approved & modification which instalied
a HP] mini flow recirculation 11ne modification. Both design and review
of this modification were technically sound. Documentation of the
modification was thorough. The PORC meeting was well run,

Plant housekeeping was generally good. Aress visited by the tean

included portions of the primary auxiliary buildtn?, reactor containment
building, turbine building, and plant exterior. All areas were clean

and free of debris. Members of the team made at-power containment entries
on July 26, 1989 and again on July 31, 1985. It 1s noteable that during
the entries, respirators were not required to be worn due to low airborne
levels, Also, the team received minimal exposure while inside containment
due to the expert briefing prior to and accompaniment during the tours

by members of the plant staff from both the Health Physics and Operations
Departments.

During the conduct of the audit the licensee provided excellent cooperation
and support to the team members. All concerns of the team were addressed
promptly by the licensee. In several cases discrepancies brought to the
attention of the licensee by the team, such as types in procedures and
progrem documents, €tc..., received attention ard disposition from the
1icensee within one day.
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£.6 Probabilistic Risk Assessment Program

A probabilistic risk assessment (PRA) program cen greatly enhance the
effectiveness of the engineering design process and operationa) readiness.
it can determine the effect of the varfous engineering options and changes
and can support in establishing certain test &nd maintenance programs.

The engineering staff of the licensee gave a gencrul presentation about
the capabilities, activities and present initiatives of the PRA program,

In general, the program is used to support engineering activities in @
number of different arees. The most important ones are the following:

o Evaluation of engineering design changes and their effects on
plant safety as measured by the PRA analyses,

o Evaluation of various proposed cn¥1n09r1ng options besed on
the safety effectiveness, primarily to improve plant safety,

0 Plant PRA mode! development and maintenance,

o Evaluation of the various changes related to the Technice)
Specification and the various test and maintenance schedules.

The licensee demonstrated some of the capabilities of the program which
included PRA mode)l development and evaluation of various design changes
through PRA calculations.

The cemonstrations have indicated a very well developed computing and
modeling capability using modern computer programs, remote work-station
operations and knowledgeable engineering and operational personnel.

The PRA group maintains an up-to-date PRA mode] of the plant that
simplifies the evaluation of any proposed design changes regarding its
safety impact. The incorporation of the PRA in the general design process
was also demonstrated including well integrated interactions with plant
operational) and other support engineering staff,

The PRA evaluation of the specific ISLOCA scenarios was also presented
in detail and discussions about the technical aspects of the modol1ng
were 2150 held. In general, the PRA modeling and analysis of the ISLOCA
seem ty demonstrate good understanding of these events. The results of
the analytical program indicates the importance of certain systems
especially the low pressure injection/core deluge system,
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The mechanical and hardware related failure aspects of the components

on the isclation boundary are wel) ceveloped and properly modelled. Nith
the exception of the humen actions related to the fsolation of an ISLOCA,
the event 1s assumed to directly lead to core damage. This is a rather
conservative assumption since some of the ECCS equipment may be available
to mitigate the ISLOCA event.

In this tense, the core demage frequency as predicted by the present
analysis may be overpredicted. The development and inclusion of various
potential operator actions would be very useful, especfally, since some of
the emergency procedures already include certain limited actions to
mitigete or terminate an ISLOCA event, The ‘ull development of such an
ISLOCA model could also include considerations of the various scenarios,
affected equipment, their relations and possible mitigating options.

The human actions related to the isolation of an [SLOCA was developed

as & screening function. This may have to be further analyzed, especially

for the most dominating core dol;ge lines. These interfacing iincs have

one high pressure rated MOV, SI-MOV-871A and B, and 1n addition & low
pressure rated MOV, SI-MOV-873. The actual value of the human isolation
error, after an ISLOCA event, 1s dependent not simply on operator recognition
only, but also the physical conditions of these valves due to the severity

of the accident.

The PRA calculations were reviewed to & limited extent based on the
preliminery documentation availabie and & number of minor comments were
made:

0 The core deluge 1ines have an MOV and check valve in series. Only
catastrophic failure mode for the check valve is included. There are
other potentially significant failure modes such as lecka?c and nore
importantly demand failure (valve fefls to reseat). This latter one
is important, since the check valves are openc. once a month for
operational testing (SUR 5.1-4 “Core Cooling Systems Hot Operationai Test").

5.7 Engineering Support

Haddam Neck had received engineering support from Northeast Utilities
Service Company which invoived the generation of calculation No, 89-V-1132
GP, "Event 'V' Pressure Considerations for HPSI, LPSI, and RHR", dated
July 18, 1035, The calculation evaluated the effects of increased static
pressures from an Event 'V’ (RCS pressures) for the following lines at the

plant:
8"«$1-1501R-7 (HPSI) 6"-S1-1501R-5(HPSI)
8"-AC-601R-415 (RHR) 10*-AC-601R-415 (RHR)

The calculation concluded that the SI-1501R 1ines nominal wall thickness
1s acceptable for the increased pressure described in Event 'V', With
respect to the AC-601 1ines, this piping significantly exceeds Code
requirements for minimum wail thickness.
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The NRC inspector reviswed the calculation and det:mined that 1t was
sccurate, clear, and technically adequate and concurs with the conclusions
that the HPS] lines wil) withstand a static RCS pressure while the LPSI
and RHR 1ines will experience stresses which will exceed Code allowables.

6.0 HUMAN PERFORMANCE

6.1 HUMAN FACTORS ENGINEERING

The objective of the human factors engineering audit of Haddam Neck
was to 1dentify and evaluate human factors aspects of the design,
procedures, training, operation and maintenance of Heddam Neck which
influence operator performance relative to initiation, detection,
diagnosis, mitigation and recovery from an ISLOCA. The audit focused
on four broad areas: man-machine inlerface, operational and waintenance
procedures, communications and training. Details of the audit approach
{n each area and the results of the audit are discussed in the
following sections.

6.1.1 Men-Machine Interface (MMl)

The MM] assessment of Haddam Neck was primarily on the main control
room, such as control panel layout, control-display integration, and
contro)l and display design, which would influence operator performence
during an ISLOCA event. MM was eveluated with respect to standard
human factors design guicelines as contained in KRC NUREG-0700,
“6uidelines for Control Room Design Reviews. 1981". Within the MMI
assessment, special emphasis was placed on the availability and

quality of information necessary 0 detect and diagnose an ISLOCA
precursor situation. In addition to the mein control room, the MMI
assessment examined selected aspects of local panels and components
locatea in the PAB and insioe the reactor containment. The methodology
emp loyed during this portion of the audit involved direct observation
of equipment and facilities and interviews and discussions with plant
personnel., No quantitative messures of the physical characteristics

of environments or equipment were meoe; however, subjective assessments
of these aspects of the MM] were performed.

6.1.1.1 High Pressure Injection system pressure, temperature and flow
ndication

During a postulated ISLOCA event in the HPI injection l1ine involving
failure of check valve S1-CVY-862 in combination with a failure of the
in-1ine stop valve, SI-MOV-861, the HPSI injection line could be
over-pressurized, Although the HP] relief valve, SI-RV-871, would




6.1.

religve pressure on the line by discherging to the reactor water
storage tank (RwST), detection of the 1SLOCA precursor condition
would be deleyeo due to the lack ot WPl pressure, temperature snd
flow inoication in the control roum. The only indication of HPl
system operation availeble to an operator in the control room was

HP1 pump motor amps, which were used to infer pump discharge pressurs,
The plausibility ot this scenario cerives from maintenance history

on the S1.MOV-B61B and S1-CV-862B which failed leak rate tests in

the pest (See section 7.1 of this report for sdditional details cn
the history of these valves).

1t should be noted thet the existing emergency operating procedures
for & reactor trip/safety injection, £.0, di¢ not include reference
to the KhST level as an indication ot a LOCA outside containment (see
section 6.1.2.1 for additiona) details).

The lack of direct indication ot HPl pressure, temperature anc flow
is not cunsistent with the intent of NUREG-0700, paragraph 6.1.1.1,
"Accessibility of Instrumentation/Equipment”,

1.2 Refueling water storage tank (RWST) low-low level alarm

One of the potential consequences ot the postulated ISLOCA scenarius
1s the unavailability of water tor the recirculation mode of core
cooling. This luss of water cen be aitributed to the depletion of
KWST inventory. Since the LPSI pumps woulc begin to cavitete ot
approximately 67,000 gallons and HPS1 pumps woulc begin to cavitate
st appruximately 43.080 gallons, & low-low KST level alerm could be
provided to direct the operator's attention to the Tuss 01 RKST
inventory. There wes no elarm for RWST low=low level in the contrul
room. There were, however, two annunciators for RWST level: a
High/Low Level alarm (250,000 and 230,000 gallons, respectively) and
Switchover to KHR recirculation alarm (130,000 gallonsg.

1t should be noted that the existing operating procedures for
transferring RHR supply suction from the RwST to RHR recirculation,
"E£S-1.3", step 128, directs the operator to verify that containment
water level of 2.25 feet exisis before starting the RHR pumps;
however, there 18 no "Response Not Obtained" entry for that step (see
section 6.1.2.1 (iv). In addition, the display used to monitor
containment level has & minimum indication by cesign of 1.5 feet,
(see sections £.1.1.9 and 6.1.2.1, (111)),
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The absence of an alarm for RWST low-low level in conjunction with
related procedural and display deficiencies, increases the 11ikelihood
that an operator may fail to correctly detect and diagnose the [SLOCA
condition,

6.1.1.3 RKST level trend recorder

RWST level has been determined to be important for early detection/
diagnosis of some ISLOCA precursor conditions such as the venting of
an ECCS relief valve *o “he RWST. The only RWST level trend recorder
was located on the "Green Panel" in the PAB.

In addition, the trend recorder was located below the normal line of
sight for a standing operato: (appruximately 48" off the floor).

Also, the label for the record.: was obscured by the recorder housing,
This was a particular problem since LR 1806 was @ three pen recorder,
with the other two pens rocording another tank's levels. Although
the first line of the label for this recorder clearly designated one
of the channels as RWST level, this line may not be visible to a

large majority of operators. This design may increase the likelihood
that an operator will be delayed in locating display of RWST level
trend, with a consequent delay in diagnosing @ ISLOCA condition.

This design 1s not consistent with the intent of NUREG-0700,
paragraph 6.1.2.2, "Stand Up Console Dimensions".

6.1.1.4. RAST high temperature alarm

During an extended ISLOCA involving venting of an ECCS relief valve
to the RWST, 1t is conceivable that RWST temperature could increese,
with a2 subsequent alarm condition. The "RWST High Temperature Alarm"
was located on the "Green Panel" in the PAB. RWST High Temp was
annunciated in control rocm as simply “PAB Alarm;" therefore, to
determine the precise rature of the alarm, the con*rol room operator
must instruct an A0 to determine the cause of t 2 .larm and report
back.

6.1.1.5., RWST Level alarm muitiple input signals

The RWST level alarm in the control room receives both high and

low signals. During an ISLOCA situation, RWST level could be &
critical indicator of plant status. Viewed in the context of human
factors ?roblems with related procedures (see section 6.1.2.1), the
inherently ambiguous meaning of the multi-input RWST level alarm
increases the probabilfty that the operator will fail to detect or
diagnose the ISLOCA condition.

NUREG-0700, paragraph 6.2...2 C(1), recommended that multi-inpu?
annunciators should be avoided.

6.1.1.6. Containment water level indication

Control room trend recorders for containment water level, LK 1810A on
panel EE ana LR ?810B on panel FF indicated a minimum value of 1.5
feet. As a result, operators could not determine the actual water
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level 1f it 15 less then 1.5 feet. There was an adaitional trend
recorder for containment sump water level on main control panel
section E; however, the instrument that provides input to the
recorder was not environmentally qualified and therefore, cannot be
considered relfable during accident conditicons in the containment,
Procedure ES-1.3, "Transfer to RHR Recirculation, (Rev 7, 7/7/89)
step 3.8, directs the operator to verify that containment water leve)
is greater than 2,25 feet prior to starting the RHR pumps; however,
there 1s not & "Resporse Not Obtained" action for this step (see
section 6.1.2.1, (111). During discussions with the control room
operators, the oeorators stated that they considered the LR 1810A/B
recorders to be “fairly inaccurate."

The safety significance of the combination of limited display range,
grocoduros and operator assumptions regarding the containment water
evel display accuracy, 1s that operators may fail to detect the
absence of water 1n the containment. This situation has two distinct
consequences with respect to operator performence during an ISLOCA,
First, since the absence of water in containment should be a primary
ind'<"ion of & potentfal ISLOCA, the operator may be delayed in
detectiry/diagnosing the condition. Second, if the operator follows
the current procedure verbatim, he may attempt to start the RHR pumps
to initiate RHR recirculation without the necessary supply of water.
This could result in damage to the RHR pumps and subsequent loss of a
core cooling train.

6.1.1.7 Containment isvlation valve status

ECCS MOV positfon indication are based on a signal from Timit
switches on valve stem.

This desion was consistent with NUREG-0700, paragraph 6.5.1.1. e,
"Demand Versus Status Information", and was considered to reduce the
11kelihood that an invalid indication of valve position will be
displayed. EOP E-0, "Reactor Trip or Safety Injection" (Rev 6,
7-7-89), step 17, directs the operator to verify that forty four
valves must be verified to be closed. Of those 44 valves, 22 have
their position indications displayed in the main control room, 12
have only loca'! position indication displayed in the PAB, and 10 must
be verified closed at the valve i1tself locally. This design may
increase the operatn:,': workload on and imposes significant require-
ments for communications and coordination between control room
operators and ADs in the plant.

6.1.1.8 Inadvertant RHR valve Actuation

The RHR outboard stop valves, RH-MOV-781 and 803 had been designed to
minimize the probability of fnadvertent actuation. This design
included: 1) pressure interlocks which prevent the valves from being
opened when RCS pressure 15 grcater than 400 Qs1g; 2) key-operated
control switches on the main control board; 3) “locked open”
dicconnect switches which remove power from the control circuit; and,
4, annunciators which inform the operaturs that the valves are
opening or closing.



These design practices were consistent with NUREG-0700, paragraph
6.4.1.2, "Prevention of Accidental Activation", and were considered
to virtually eliminate the possibility of inadvertent actuation of
the RHR outboard stop valves.

6.1.1.9 Main control board component arrangement

The arrangement of components on the C section of the main control
board was not consistent, The controls for SI-MOV -&61 and 871, the
HPSI A and B pumps and the LPSI A and B pumps all had a vertical
arrangement (i.e, form a vertical line with A at the upper position).
In contrast, the RHR A and B pumps had a horizontal arrangement, with
the A pump on the left. This design arrangement may increase the,
probability that the operator will commit an error in locating &
control when working across the RHR and SI systems.

This desion was considered to be & departure from the intent of
NUREG-0700, Paragraph 6.8.2.3, “"Layout Consistency".

6.2.1.10 Control room component integration

EOP E-0, “Rector Trip or Safety Injection" (Rev 6 7/7/89), step

17b, directs the the operator to verify that both let down trip
valves are closed. However, LD-TV-230's control was not co-located
with other letdown valve controls. LD-TVv-230's cortrol was located
on the Post Accident Monitoring (PAM) "EE"panel which was located
opposite to the mein control panels; the controls for the LD-MOV-200
valves was located on main control board MCB-C. This may require that
the operator at the main control board enlist the aid of another
operator at the PAM panel. This situation may unnecessarily contribute
to operator workload, and increases the probability that an operator
errorfwgag Ergcipitate or exacerbate an ISLOCA event requiring the
USQO Ve

This valve control location design i1s not consistent with the
intent of NUREG-0700, 6.8.1.1, "Assigning panel contents”,

6.1.1.11 Control Room Labeling

Control room labeling for the safety injection W. relay controls did
not correspond to applicable operating procedure terminology and
standard operator designation for the safety injection WL relays.
Operating procedures and operator terminology refer these controls &s
the "Safety Injection WL Relays;" however, the control panel labeling
designates these controls as “Core Cooling A&B". This design increases
the probability that the operator may be delayed in initiating ISLOCA
mitigative action should these controls require manipulation,

This design is not consistent with the intent of NUREG-0700,
paragraph 6.6.3.3 (c¢), "Consistency with Procedures".
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6.1.1.12 Component Labeling

Existing glant component lcboling for an ISLOCA event were found to
be generally adequate. During walkdowns of ECCS systems, the team
noted that most component labels were attached using a metal loop and
not mounted directly on the equipment. This configuration may allow
the label face to be turned away from the operator's working position.
This problem was noted on several ECCS valves within containment, in
which case the operator would have to reach over or around other
equipment to manipulate the label in order to read it. This design
may increases the probability that an operazor will be delayed in
locating an equipment item and unnecessarily cause the operator to
spend additifonal time in a radiation area.

This design was a departure from the intent of NUREG-0700,
paragraph 6.6.1.1, "Need for | abeling".

The team noted thet the plant labeling program in place during the
sudit was well structured and controlled by procedure., Labels were
found on all plant components reviewed by the team. The new labels
were clearly written, easily read, most were visible, had adequate
contrast between lettering and background, were properly located
generally and were consistent with plant drawings and procedures.

6.1.2 QOperating and Maintenance Procedures

Hadaam Neck normal, abnormal and emergency operating procedures

were reviewed relative to postulated ISLOCA events. The procedures
were reviewed to determine that verbatim execution of the procedures
would assist or impede the operator in detecting, diagnosing ,
mitigating and recovering from an ISLOCA event. The electrical and
mechanical ECCS motor operated valve maintenance procedures were
reviewed to determine 1f tney contained adequate intormation to
assure that the objective of each task was achieved and to ensure
adequate valve maintenance and thus their reliability. The focus of
the review was on 1) the accuracy, completeness and clarity of the
procedures; 2) the feasibility of the procedures given expected plant
conditions ard available personnel; and 3) the extent to which the
procedures specifically address the operational requirements and
concerns of an ISLOCA event. 1n addition to the content review,

the process by which operating procedures were developed and
validated, including the emergency operating procedures (EOP)
writer's guide, was assessed.



€.1.2.1 Emergency Operating Procedures (EOP)

The Haddem Neck 1SLOCA emergency operéting procedures were reviewed
and identified the following findings were identitied:

(1) EOP E.O, "Reactor Trip - Safety Injection" (Rev 6, 7-7-89), step 29,
did not include a reference to check for a change in RWST level
as an indicetion of a possible LOCA outside containment. The
existing procedure 1ists only PAB radiation level as a possible
indication. RWST level incication could increase the 1ikelihood
that the operator will correctly ciagnose the ISLOCA condition
and branch to EOP ECA 1.2, "LOCA outside cuntainment",

(1) EOP ECA 1.2, "LOCA outside containment" (Rev 1, 6/3/88), step 1.,
directs the operator to verify that RHR loop 1 suction valves
RH=MOV-780 and 781 are closed; step 1.b directs the operator to
verify that RHR loop 2 suction valves RH-MOV-803 ana 804 are
closed. The “"Response Not Obtained" entries for these steps
direct the operator to manuelly close the valves, and, if
necessary to close the valves locally. Given that valves
RH=MOV-780C and 804 were located close to the reactor coolant
loop RHR penetrations, operator access to them may be difficult.

(111) EOP ECA 1.2, "LOCA outside containmert" (Rev 1, €/3/88), step l.c,
directs the operator to cycle the core deluge valves S1-MOV-E71
A and B andg monitor fur an reactor coolant system pressure
increase. Step 1.c¢ did not contain a2 “Response hKot Obtained"
entry. The procedure ~ould inadvertently allow the operator to
establish a ISLOCA precursor by cycling the MOV and leaving it
in the open pusition. This missing step shnuld warn the operator
of the potential for an ISLOCA condition if RCS pressure
increases after the subject MOVs are closed, and instruct the
operator not to re-cpen the MOV,

(iv) EOP ES-1.3, "Transfer to RHR Recirculation" (Rev 7, 7/7/89)
step 3.a, directs the operator to determine if the containnent
water level is greater than 2.25 feet. This step did not incluge
a "Response Not Obtained" entry. The lack of the expected water
level in containment could be considered a possible indication
of a ISLOCA. Further, since this level is required to ensure
that RHR pumps do not cavitate, the procedure did not caution
the operator not to continue until the necessary level has been
confirmed.

(v) EOP E.1, "Loss of Reactor or Secondary Coolant" (Rev 5, 7/7/89)
step 12.a2, directs the operator to verify RHR recirculation
capability and did not include an action/precaution to assure
that conteinment sump water level is ¢reater than 2.25 feet.
Since this leve)l is required to ensure that RHR pumps do not
cavitate, the operator should be instructed to confirm the
necessary level before starting the pumps.
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(vi) The Hadoem Neck EOPs contain numerous requirements for A0s to support
control room operators during emergency conditions. For exanple, in
an ISLOCA event involving SI initiation, failure of one or more of
the RHR loop isolation valves and an RWST alarm in the PAB, 1t is
conceivable that four A0s would be required to perform parts of
applicable the EOPs: one to enter containment tu locally close the
RHR valves; one to determine the cause of the PAB RKST alarm; one to
check remote SI valve position indications in the PAB; another to
check Tocal SI valve indications. To implement EOP, ECA 1.2, “LOCA
Outside Containment", an acditional operator may be required to
verify approximately 10 other flow paths/valve positions, some of
which require entering a pipe chase that may contain conditions that
would not be conducive to effective human performance: access space
is insufficient, lighting 1s inadequate, labeling is poor, temperature
and humidity may be excessive, and respirator or air pack may be
required. Given the complexity of the coordination and communication
requirements inherent in tnis scenario, there may be a high likelihood
of operator error.

Collectively, these deficiencies could increase the
probability that the operator will fail tu detect or
diagnose an ISLOCA condition, or will fail to initiate
ratigative action in a tinely manner.

6.1.2.2 Procedure Development Prooram

The Haddam Neck proucedures development/revision program included
iterative reviews by operations and training personnel. This woula
reduce the li1kelihood of errors in procedures &nd increase operator
awareness of pending procedural changes.

Maintenance procedures used by electrical and mechainical personnel
with the repair of RHR and SI MOV's were quite good. the procedures
were well written using good human factors practices and guidelines.
The procedure's action steps were written and arranged to enhance
user comprehensibility. Caution and warning statements were highlighted
by includine boxing around them and did not contain action steps.
I1lustrations included in these procedures were clear, accurate and
were generally located with applicable action steps. The vocabulary
and abbreviations, acronyms and symbols used were consistent with
plant standards. The action steps were sequenced properly and the
verification steps assured that the objective of the task was
achieved. These characteristics combined to form a useful tool to
assure accurate valve maintenance,
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6.1.3 Ccmmunications

Communications were evaluated in terms of training and protocols for
exchange of information between control room operators and auxilfary
operators (A0s).

The emphasis was placed on the control room operators/A0 communications
during an ISLOCA event. In addition to communications practices, the
equipment used for communications was evaluated relative to sound
quality and locaticn.

Communication capability between the control room and containment was
determined to be limitesd to the in-plant telephone system. Although
the quality of the transmission was good. the location of the telephone
within containment, relative to the location of the SI valves, may
require the operator to repeatedly transit between the valve iocation
and the telephone which was a distance of approximately 50 feet.

This situation may unnecessarily contribute to cperator workload and
increases the probability of error. !¢ should be noted that the
environmental conditions within containment; high temperature, high
noise levels and poor lighting, coupled with the psychological stress
associated with making an entry into containment during an event

also contributes to operator burden and attendant error probability.

6.1.4 Training

The Hacdam Neck operator training program and the electrical and
mechanical maintenance training programs were evaluated to determine
the extent to which current training practices prepare an operator to
detect, diagnose, mitigate and recover from postulated ISLOCA events
and 1f maintenance personnel were prepared to adequately maintain and
repair essential ECCS components to assure their reliable operation.
This evaluation consisted of interviews with operations, maintenance
and training personnel and review of applicable training materials.
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6.1.4,1. Simulator Training

During interviews with control room operators, it was noted that they
had not received simulator training on ISLOCA detection, mitigation
or recovery in general, or on procedure ECA 1.2, “LOCA Outside
Containment". The current simulator configuration does not

have the capability to simulate a failed ECCS check valve, and was
not capable of simulating most postulated ISLOCA events. In addition,
there were currently no scenarios in the similator training program
which contain reactor coolent leaks which would be large enough to
require operators to use procedure ECA 1.2.

6.1.4.2. Auxiliary operator and maintenance training

Auxiliary operators (A0) received a minimum of one day of simulator
training per training cycle and this training emphasizes team
coordination and communications between control room operators and
AQs during simulated emergency conditions. This 1s a positive
feature which may reduce the likelihood of comunications problems
between control room operators and AOs during an ISLOCA event,

The training programs for maintenance personne! responsible for

the repair of ECCS components critical to ISLOCA prevention and
mitigation was also reviewed. The training facility and program were
adequate, and the administrative control procedures were adequately
implemented. The knowledge and experience of the mechenical and
electrical maintenance was quite good. They possess requisite
experience and qualifications that were commensurate with their
responsibilities ana assigned functions. They were sensitized to the
importance of reactor systems and equipment and understood how their
performance was reflected in plant reliability and safety.
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6.2  Humen Reliabilfty Eveluation

6.2.]1 The ldentification of Human Actions and Errors

In order to 1dentify potential human errors, human actions associated
with ISLOCA were first identified. This was accomplished by noting
the human acticns associated with interfacing systems for normal and
off-normal situations. The human actions fdentified were evaluated on
the basis of the postulated ISLOCA scenarios.

There were four scenarios associated with LPI/Core deluge, three
scenarios each associfated with RHR injection, and four scenarios
assocfated with HPl, A 11st of the human actions and potential for
errors associated with each of the systems and scenarios 1s presented
in Teables 6.2 through 6.4. Four classes of errors were fdentified.
The definition of each error class used to support human reliability
evaluation of ISLOCA 1s as follows:

(1) human initiators - operator opens a MOV, leaky check valve
already exists

(2) human initiators which are immediate precursors - improperly
executed valve line-up followed by leaky check valve

(3) hunian actions during repair which can compromise equipment -
installing the wrong seals or miswiring

(4) humen actions related to mitigation or aggravation - failure to
getect an IS LOCA situation or improper diagnosis

6.2.2 Performance Shaping Factors

6.2.2.1 Introduction and Background

Human performance in systems i1s subject to influence from a variety

of sources. These sources may be part of the task itself, part r*

the environment, or part of the history, make up or physical limitations
of the persons themselves. For example, 2 person's experience or

lack thereof may either support or detract from their overall task
performance. Similarly, the pacing of the task may facilitate or

reduce performance. Adequacy of instrumentation or system feedback

may do the same. These sources of variation in performance are

referred to b{ human relfability analysts as performance shaping

factors (PSFs),
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As part of this evaluation, relevant PSFs for those human actions
identified in step 6.2.1 were determined. These PSFs were then
reviewed for either positive or negative influence on human reliability.
The PSFs were rated as either a "+" or “-" for each action identified
in the scenarios described above. This was accomplished by combining
interviews with plant personnel, observations, inspection team
findings, walkdowns, and reviews made against standardized human
factors criteria contained in NUREG/CR-4835. A 1ist of these PSFs

with their definitions 1s provided below.




TABLE 6.1
LIST OF PERFORMACNE SHAPING FACTORS

Training - Training: either classroom, on the job, or simulator supports
ISLOCA detection, response, and diagnosis.

Feedback - Indications are available and lag time 1s not detrimental to
personnel performance.

Crew Size - Crew size does not lend itself to either overmanning or under

manning.

Procedures ~ Procedures are accurate, legible, and complete with an acceptable
format.

Workload - Physical and mental workload do not diminish the crew's capacity
to respond.

Workshift - Positive unless errors occurring after personne) have performed &
double shift, or are working unusually fast rotations (e.g., in
high temperatures, high radiation environments).

Supervision - s 1t present, are the supervisors well trained, and to the
extent it is possible to determine what is the quality of
supervision.

Experience - Refers to the the experience leve! of the crew in near ISLOCA
situations and in simulator training. It 1s assumed that
experience will tend to support adequate performance for the
particular IS LOCA sequence.

Environment - Refers to light, humidity, radiation, noise level as it impacts
performance. For example, some valves may be inaccessible not
due to their height but rather to their location within a radiation

environment,

Operator

burden - A combination of workload, time available and the complexity of the
task,

Communication -
Physical systems as well as interpersonal communications (e.g.,
misunderstandings due to dialect or failure to institute verification
procedures such as repeating back a phrase to a speaker).
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Task
Location - Local (at the component) and remote (control frem the control
room). Positive rutings indicate the action is remotable,

negative that personnel must be sent into radiation or steam

environments.

Plant sequence

difficulty - Positive refers to instances for which there are procedures and
plant ph:nononology is understood by operations or meintenance
personnel.

Cognitive

complexity - Positive indicates that symptoms do not mask potential glant states
and that personnel have rules they can follow and do not have to
work within the knowledge base domain,

Machine paced

tesk = Positive indicates an optimal level where pacing is nefther toc
slow nor too fast., Particularly relevant where tasks are overlapping
ang the first started may continue well beyond completion of the
second or third task.

Man Machine

Interface

(MMI) Refers to ergonomics (reach, legibility, design for maintenance,
acc:ssibilf:y. adequacy of information presented, controls/input
devices.

Stress -- Mismatch between perceived task requirements and perceived abiiity
to respond, can result from an intellectual demand or physical demand
(too many tasks having to be performed within a short period of time)
or by the consequence of the actions needing to be performed (where
poor performance might lead to safety ramifications, loss of plant
revenue, or loss of operating license).

Circumvention -
An action taken outside of an existing procedure in order %o meet
an alternate or higher order safety goal. A positive rating incicates
there is 11ttle chance of circumvention cccurring.

104



TABLE

ll

6.2.2.2 Evaluation Matrix

Results of the evaluation of performance shaping factors for all
ac*ions and scenarios were placed in a PSF matrix which is reproduced
as Table 6.5. Human actions (designated A through E) are nested
within systems (LPI, HPI, and RHR) which are, in turn, grouped

by scenario. The actions, A through E, correspond to those actions
presented earlier in Tables 6.2 through 6.4. For simplicity, similar
scenarios have been linked together. For example, in column 2,

LPI/CD and HPI 1 actions are so similar that they have been grouped
together. Likewise, actions required in LPI/CD2, RHR 1, and HPI 2

are similar. Results of the PSF review are similar and have been
grouped togetﬂnr.for the reader's review. Definitions for the group
of PSFs selected for presentation in Table 6.5 may be found in Section
6.2.2.1. As presented, "+" indicates & positive influence on pertormance,
“«" ingicates a negative influence and a "blank" indicates either a
neutral influence or that the PSF applied to some actions but was not
relevant for others. The PSF “circumvention" defined as “actions
outside of or in conflict in the procedures” 1s included because of
suspected importance in certain ISLCCA situations.

In Table 6.5, the human actions and the corresponding event scenarios
are grouped together in accordance with their similarities, and

Table 6.2 is organized by the potential human actions/errors. For
example, “A “through" L" in Table 6.2 refers to specific human actions.
It 1s interesting to see that the diagnosis aspects of human actions/
errors in Table 6.2 are 1.C, 2.E, 3.C, or 4.B.

6.2 - Human Actions/Errors Identified for Low Pressure Injection/Core

Deluge (LP1/CD) Systems

Spurious SI signal

MOV 871A and 8718 open on SI signal

Operator fails to diegnose spurfous SI, and

Operator fails to close MOVs, (would not close until called out
for in procedures ECA 1.2)

One or both CVs (872A and 872B) fails

Operator fails to detect ISLOCA situation

Note: A spurious SI contact closure (1.e., short) could open an
MOV which could not then be closed by the operator,

871A and &71B (Core Deluge) are not accessable for manual
operation.
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2.

3.

Operation or Maintenance fails to return MOVs 871A and 871B to
closed position following test or maintenance

Operator fails to follow valve lineup proceaure

Operator fails to notice open MOVs during shiftly CR check, or
Operator fails to initiate/perform shiftly CR check

CV (872A and/or 8728 fails on same train(s) as open MOV(s)
Operator fails to detect ISLOCA situation

Note: For Scenarios 1, 2, 3, and 4 CD 1ine can be isolated by
closing MOV-873 isolation valve (not energized till after next
outage, 1s accessible for local manual operation).

Operator mistakenly opens MOV-871A and/or MOV 871B (CD)
CV (872A and/or 872B) fails on same train(s) as open MOV
Operator fails to detect open MOV(s) during shift turnover

Operator fails to detect ISLOCA situation
*

Large leak followed by SI

»

Small leak followed by & drop in the VCT

Valve stems separation (MOV-871A or B71B) near beginning of fuel
cycle; valve is in open position but CR indication is closed
Operations or Maintenance fail to identify valve stem separation
during post maintenance/pre startup testing

Cv (872A and/or 872B fails on same train(s) as open MOV
Operator fails to detect IS LOCA situation
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TABLE 6.3 -

(RHR) System

RHR Injection

1.

A

Operations or Maintenance fails to return inboard isolation

(MOV 804) to closed position following test or maintenance
(outboard isolation MOV-803 1s pressure interlocked, locked out
at breaker, and key locked at control switch)

Operator fails to follow valve lineup procedure

Operator fails toc notice open MOV during sniftly CR board check,
or

Operator fatls to initiate/perform shiftly CR board check

MOV 803 fails

Operator fails to detect ISLOCA situation

Velve stem separation (MOV-804 or MUV-803), valve in open
position but CR indication is closed

Operations or Maintenance fail to identify valve stem separation
during testing or normal operations

Failure of remaining MOV

Operator fails to detect ISLOCA situation

Operator mistakeniy opens MUV-804

Operator fails to detect open MOV during shiftly CR board check
or because didn't note expected effect of MOV initially intended
to ovpen

MOV-8C3 fails

Operator fails to detect ISLOCA situation

RHR suction

RHR suction isolation valves, MOV-730 (inboard) and MOV-731
(outboard), are modeled as the injection valves above
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3.

o >

o O o >
"

604 -

(HP1) System

Spurious SI sfg. opens MOV-861 A, B, C + D (1solation)
Operator fails to diagnose spurious SI, and

Operator fails to close MOVs, and

One or more CV 862 A, B, C & D fail

Operatcr fails to detect ISLOCA situation

Note: A spurious SI contact closure (i.e., short) could open an
MOV which could not then be closed by the operator.

Operations or Maintenance fails to return one or more MOV(s) to
closed position following test or maintenance

Operator fails to follow valve lineup procedure

Oger:tor fails to notice open MOV(s) during shiftly CR board
check, or

Operator fails to initiate/perform shiftly CR poaerd check

Cv(s) fails on same train(s) as open MOV(s)

Operator fails to detect ISLOCA situation

Operator mistakenly opens one or more MOVs

Operator fails to detect open MOV(s) during shiftly CR board
check or because didn't note expected effect of MOV(s) initially
ifntended tu open

Cv(s) fail on same train(s) as open MOV(s)

Operator fails to detect ISLOCA situation

Valve stem separation (MOV 861 A, B, C & D) at beginning of fuel
cycle; valve(s) is in open position but CR indication is closed
Operations or Maintenance fail to identify valve stem separation
during post maintenance/prestartup testing
Operator fails to detect ISLOCA situation

Note: Human actions involving valve mispositioning may be
inf luenced by faulty valve position indications (1.e., failure of
limit switch mechanisms or maintenance errors in wiring).

108

Human Actions/Errors ldentified for the High Pressure Injection



TABLE 6.5 PREFORMANCE SHAPING FACTORS ASSESSMENT MATRIX FOR ISLOCA

PERFORMANCE SHAPING SCENARIOQ
= FACTOR (PSFJ HURER ACTION
LP1/CD 1 LPIéCD 2 LPI‘CD 3 LPI‘CDd
HP1 E RPT 2 APTS RPIT

ABCDE EBC KB
TRAINING + e + 4 + 4. .
FEEDBACK - e R $ e o
CREW SIZE
PROCEDURES + 4+ . R + - i
WNORK LOAD - e c ot te +
NORK SH‘FT - - - e - -
SUPERVISION + 4+ ++ 44 +
EXPERIENCE ¢ . e = > b
ENVIRONMENT - e T e e
OPERATOR
BURDEN - .= cotte + =
COMMUNICATION ++ + + et + + -
TASK LOAD - - P b - PR
PLANT SEQUENCE
DIFFICULTY + - PR IE I i -
COGNITIVE
COMPLEXITY * o ++ 4+ 4+ * - »
MACHINE PACED
TASK - -e + Pt . o .
MAN<MACHINE
INTERFACE + o+ 4 4+ 4+ 4 + %
STRESS RN
CIRCUMVENTION

"bata not available
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6.2.3 Preliminery Findings

Although time constraints precluded performence of an in-gepth
quantitative analysis, the qualitative analyses described 1in
earlier sections suggests the tollowing:

0 PSFs are generally positive for ISLOCA relevent actions that
tgpig:;ly appear in other plent evolutions (not related to
1SLOCA) .

0 PSFs are generaily negative four detection/diagnosis of ISLOCA
situations, particularly for HPI.

v The PSF “psychoﬁogica\ stress" has potential negative influence
on human reliability tollowing a safety injection signal, or in
off-normal situations.

0 Personnel all appear to be sensitive tc the importance of good
conmunication. The PSF for communication is therefore generally
positive. However, there are not enough physical lines of
communication inte the control room under certein emergency
situations.

0 This human reliability evaluation approach provides insight
1nto prevention/mitigation of 1SLOCA (e.g., identifying
wmportant actions and pinpointing PSFs which can reasonably be
assumed to have a negative influence on reliability).
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6.2.4 Review of CY HRA 1n PRA for 1SLOCA

The CY HRA reviewed in support of this ISLOCA effort was valuable
for the insight. It modeled human ections for a number of
important plant systems and operational sequences., It was
limited, however, as a resource in terms of evaluation of
performence shaping factors. Table 6.6 presents a comparison of
the attributes of & state-of-the-art HRA with the HRA performed
previously by CY.

TABLE 6.6 - Comparison of HRA Approaches

State-of-the-art of HRA CY ISLOCA HRA

Performed as joint effort by 0 Performed by system analyst
HRA and system analysts

Standardized stepwise approach 1) System analysis to fdentify human

such as SHARP to ensure actions

completeness and traceability, 2) Screening and limited THERP

SHARP steps: 1) Definition application for quantification of HEPS
2; Screening 3) Breakdown 3) Incorporation ot screening velues and
4) Representation 5) Impact HEPs in PRA probability statements
Assessment 6) Quantification 4) Documentation

7) Documentation

Conservative screening values 0 Screening values used only for

used for human actions "across cognitive type human actions

the board" to iaentify actions
important for more detailed
analysis in PRA context

Quantification through estimation o Quantification through use of

of HEPs for identified important screening values for cognitive
actions human actions by careful, and 1imited THERP application for
complete, detailed application other actions.

of an appropriate HRA technique
(‘..o. THERP. HCR’ SLI”."ADD. th.)

HEP estimates include assessment © Dependence not assessed; limited
and consideration for: consideration of recovery factors
1) dependence between actions and performance shaping factors
and between humans, 2) recovery

factors, and 3) relevant

performance shaping factors
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7.1 Potentia) Precursor

7.1.1 Leaksge Across Pressure lsolation Valves in the HP1 Header

The audit team reviewed the tabuieted surveillance test results of the valves
classifiea es PIVs in the RHR, HPI, and the LP]l systems. The review revesled
that both the primery and secondary PIVs in one of the four HP1 headers were
leaking guring the same period. The review also indicated that the leakage
past these PI1Vs was identified by the licensee and that the licensee had
successfully performed corrective maintenance on these PIVs. However, the
sigrificance of sinultaneous leaksge in two PIVs (S1-MOV-BE1E and SI-CV-B7ZE)
located in the same discharge header was not recognized as @ breskdown in the
pressure isolation capability of these PIVs and as 2 potential 1SLOCA precursor
by the licensee.

Furthermore, detection of the above leakage could heve been delayec in the
event that the leskaye haa occurred while the recctor wes opersting at power,
This - pesed on the finging that there wes nu pressure nstrunentation on the
HP1 cischarge header nour were there any over-pressure alarms locally or in the
control room.

However, the hescer was equipped with a relief valve with a capacity of 33 gpm
which relieves from the discharge header to the Refueling Water Storage Tank
(RWST). Consequently, leakage across two PlVs has to exceed the relief valve
capacity before over-pressurization of this piping wes possibie. Although the
RWST is vented to the atmosphere and has no radiation alarm to detect for
possible KCS leakage into this system, 11s level rescing was recorded caily so
thet its level increase woula probably be detected by the vperators. Leakage
across S1-MOV-861B and SI-CV-872B was found to be 1.21 gpm and 50.9 gpm,
respectively, in surveillarce performed on April 7, 1986 during their thirteenth
outage. The acceptable leakage across both of these valves 1s 1 gpm,

Fortunately, both of these valve leazkages had occurred during shutdown conaitions
becsuse these two PlVs successfully pessed surveillences performed on January 13,
1986 and the plant was shutdown for the refueling outage on Jenuery &, 1986.

.7.1.2 Leakage Across MOV in the Core Deluge Header

If the MOVs for pressure isolation in the core deluge 1ine were leaking, it
would be pcssible tor operators to inadvertently open these valves with the
reactor system at power. This would be possible because their upstream check
valves, having been tested and found to have no back leakage, would act as @
pressure boundary.

The core deluge discharge MOVs cannot be leak tested due to their proximity to
these check valves, and 1t 1s reasonable to expect some leakage from valves
which have been in service for a long pericd of tine (in this cese, over twenty
years). Hence, it appeared that gesign features which one would normally expect,
i.e., those that would prevent core celuge 1ine MOV operatiun with high
aifferential pressure felt across them, may not be rezlized. 1f operator error
in opening the MOV 1s assumed to be the initiating event, ana the failure of the
check velve to be the single failure, then an ISLOCA event could occur. The
worst case consequences uf this accident would be the rupture of RHR piping with
subsequent RHR system failure. ULnlike the RHR MCVs with multiple interiocks anc
alarms, these core deluge 1ine MOVs have no interlocks.
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7.2 ISLOCA Mitigation

Inadvertant overpressurization of the low pressure portions of systems and
components interfacing with the RCS can lead to ISLOCAs with potentially
significant contribution to the public risk. Previous PRA analyses have
indicated that the core damage frequency contribution from ISLOCA events
is relatively low. However, their contributicn to the public risk could

be high for the following reasons:

0 The containment would be bypassed and direct pathway to the
environment may be established

o Systems designed to mitigate Toss-of-coolant type of accidents
may directly or indirectly be affected causing the partial or ¢ al
loss of the mitigation capability

The response to an ISLOCA event is determined by the duration of

the accident. The primary concern 1s the ability to inject cooling water
into the RCS to cool and remove heat from the reactor core, in both the
short and long tera.

1. Short term considerations

o The location of the HPl &nd LPI pumps are of cuncern. An ISLOCA
event in this cpen pump pit areea could affect both the HP! and LPI
portion of the ECCS, since pnysical barrier 1s not provided between
the safety components. In a small break ISLOCA the HP! may be
replaced with the charging system which is capable of providing
relatively large volume ( 300 GPM) of high pressure injection flow.

However, & large break ISLOCA event would definitely require the
operation of the LPI pumps and on the long term may also require the
HPI system, Based on these considerations, the large break ISLOCA
would be the scenaric most affected by the lack of physical separation
in the HP/LP pump pit area.

o The charging system is physically separated from the HPI system and
1s expected to maintein 1ts integrity during all ISLOCA event with
the possible exception of a large release in the PAB,

o The emergency procedures (E-0, ECA-1.2, ECA-1.1) are designed to
assist the operator during an ISLOCA emergency. The procedures are
not clear with respect to the potentially affected equipment/lines
and the possible loss of water inventory of the RWST through the
break.

© The accident may damage the HPI or LPI/RHR injection or suctidon lines
causing the loss of the injected water through the break before it reaches
the reactor core. This coupling 1s not recognized by the procedures
and the operators seemed to be uncertain regarding the importance of
this potential situation.
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2. Long term considerations

v The primary coolant and the additiona) injected cooling water may
accumulate in the PAB. One of the most likely locations may be in the
RHR pump pit. The accumulated coolant may then be recirculated either
by temporary “"ad hoc" arrangements or by modifying an already existing
small system used for purificatiun purposes. At present, the plant
operational staff has no procedures or any training in this aree.

1SLOCA Consequences

The offsite conse?ucnccs of postulated ISLOCA events depend on the break
size and timing of fission product releases. If core cooling cannot be
maintained, core damage occurs and the fission products are then released
into the surrounding environment through the break location. The following
observations were noted 1n this regard:

0 The PAB 1s a relatively small, compact buflding with many pathways to the
outside. The building is not Jeak tight with numerous doors leading to the
plant yard. The pressure retention capability of the building is minimal
due to the open or easy opening doors and the corrugated steel side and
roof structure of the top floor,

0 Some of the low pressure piping is inside the pipe chase that may localize
small releases. However, the pipe chase communicates with the PAB through
manholes and due to the small volume overpressurization 1s expected i1n the
chase with consequent release to the rest of the building.

0 A large release may occur inside the RHR pump pit area. This arrangement,
with a potentially large accumulation of the coolant, may provide
scrubbing effects of the fission product releases.

° Additicnal scrubbing effects can be achieved if the limited fire spray
system would turn on. The fire spray system is installed at various
locations of the building and actuated by heat sensitive detectors.

A large primary coolant release inside the PAB would increase the
temperature inside the building, but nct necessarily to the level to
initiate the fire spray system Zset at 200° F, no manual actuation).
It should be noted that the system is not very extensive and no major
reduction of the fission product release 1s expected by its use.

Exit Meeting

The team met with the licensee representatives denoted in paragraph 1 on
August 4, 1989, and summarized the purpose, scope and findings of the
audit., The attendees are listed in paragraph 1 of the report details,
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APPENDICES

Appendix A - Reference Documents

1. Piping and Instrumentation Diagrams

Orawing Number Sheet Rev. Title

16103-26007 lof 3 9 P&ID Reactor Coolant System Loops 1 & 2

16103-26007 2 of 3 8 P&ID Reactor Coolant System Loops 3 & 4

16103-26007 3 of 3 6 P&ID Reactor Coolant System Pressurizer

® 16103-26010 lofl 29 P&ID Safety Injection System

16103-26078 1 of1l 13 P&ID Residual Heat Removal System

16103-26018 1 of 8 11 P&ID Chemical & Volume Control - Letdown
to Volume Control Tank

16103-26018 2 of 8 11 P&ID Chemical & Volume Control -
Purification

16103-26018 3 of 8 14 P&ID Chemical & Volume Control - Boric
Acid Mix System

16160-26018 4 of 8 P&ID Chemical & Volume Control - Charging

8
& Metering Pumps
16103-36018 of & 3 P&ID Chemical & Volume Control - Return
Line to Reactor Coolant Pump Seals
16103-26018 6 of 8 4 P&IU Chemical & Volume Control - Return
2
3

o

& Drain Lines for Reactor Coolant Loops
Operations Flow Diagram - Chemical &
Volume Control System
Operations Flow Diagram - Chemicai &
Volume Control System

16103-26018 7 of 8
16103-26018 8 of 8
2. Haddam Neck Valve IST Program, Dated January, 1987 (2nd ten-year interval for
the IST Program)
+ 3. Haddam Neck System Descriptions for Interfacing Systems
a) Chapter 4, "Chemical ana Volume Control System", Rev. 0, dated 4/30/87
b) Chapter 5, "Emergency Core Cooling System", Rev. 0, dated 4/1/86
¢) Chapter 6, "Residual Heat Removal System", Rev. 0, dated 5/6/87
4, Stone & Webster Specifications

a) Specification No. CYS-1550, "Specification for Shop Fabricated Nuclear
Piping", revised July 21, 1965

b) Specification No. CYS-579, "Specification for Shop Fabricated Piping for
Secondary Plant and Primary Waste Disposal and Other Miscellaneous Systems",
revised December 10, 1965
5. NUREG-0700, "Guidelines for Control Room Design Reviews", 1981.
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Appendix A (continued)

6. NUREG-0700, "Comparison and Application of Quantitative Human Reliability
Analysis Method for the Risk Method Integration and Evaluation Program
(RMIEP)", January 1989,
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Appendix B - Procedures

1. Surveillance Procedures
Number Revision
SUR 5.1-1 14
SUR 5.1-4 22
SUR 5.2-52 9
SUR 5.4-34 7
SUR 5.7-46 7
SUR 5.7«65 6
SUR 5.7-66 5
SUR §.7-91 3
SUR §.7-111 2
SUR 5.7-128 1
SUK 5.7-135 Original
2. Maintenance Procedures

PMP 9,5-4 11

MDI-22 3

MDI-01 Original
MDI-75 Original
MOI-60 Original

Title

Hydrostatic Test

Core Cooling Systems Hot Operational

Test

Reactor Coolant Pressure Channe)

Calibration

Performance Testing of Reactor Coolant

Post Accident Samplin
(Test and/or Training

Loop Drains Header, P

Loops Safety Injection, P-3 Isolation
Valves S1-CV-862A, B. C and D Local
Leak Rate and Pressure Isolation

Testing

Safety Injection Recirculation, P-24

RHR Inboard and Outboard Isolation

MOVs

Leak Testing of Core Deluge Check

Valves

Loop Safety Injection Stop Valves
SI-MOV-861A, 8618, 861C and 8610

Pressure Isolation Te

HPSI and LPSI Dischar
Value Operability Tes

Limitorque Valve Motor Operator

Preventive Maintenanc

Limitorque Operator R
Installation, and Adj

Use of Procedures

Maintenance Department Organization

and Administration

Control of Maintenance Activities

Post-Maintenance Cleaning After Valve

Seat Maintenance
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g, Module

-14

st

ge Check
t

emoval
ustment

Date
10/27/87

05/19/89

04/11/8¢9

04/27/89
06/28/88

02/24/89
02/17/89

12/04/88

07/23/87

06/06/89

07/20/87

04/24/89

04/24/89
10/28/88

10/31/88
04/20/89

10/27/88



Appendix B (Cont'd.)

Number Revision
MDI-63 2
PMP 9.5-0 ¢
MDI-16 23
ENG 1.7-55 1
ACP 102.11-3 13
EDI 3.19 1
ACP 1.0-39 2
HA 1-5.1 2
MDI-36 3

3. Emergency Operating Procedures
EO 6
ECA 1.2 1
ECA 1.2 Ho 1
£S-1.3 7
E.l 5
LER 50-213/89-003-08
CY-0P-LO-EOP=-S023 :
CY-0P-LOCT-87-4-587401

0
CY-0P-LORT-S004
0

Title

Qualification of Mechanics and
Electricians

Maintenance Department Preventive

Maintenance Program
Preventive Maintenance

Documentation and Eveluation of
Inservice Valves Testing

Retests/Functional Verification

Inservice Inspection/Inservice
Testing POCR Review

Repair, Rework, and Replacement
Plan for Class I, 1I, and IlI
Systems “r Components, and
Associated Supports (RRR)

Work Order Preparation, Work
Control and Documentation

Relief Valve Test Program

Reactor Trip - Safety Injection

LOCA Qutside Containment

LOCA Qutside Containment (WOG ERG)

Transfer to RHR Recirculation

Loss of Reactor or Secondary Coolant

Containment Valve Misalignment

Small Loss of Coolant Accisent

Plant Operations With Malfunctions

Loss of Coolant Accident
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Date

11/16/88

08/07/88
04/06/89

03/22/89
04/04/89

03/30/89

02/22/89

05/22/89
10/27/88

07/07/89
06/03/88
09/01/83
07/07/89
07/07/89

04/24/89
09/09/87
02/25/87

09/13/88



Appendix C - Records
1. Surveillance Records

Procedure
ymber
SUR 501.1
SUR 5.7-46

SUR §,7-65

SUR 5.7-65

SUR §/7-65
SUR 5.7-66

SUR 5.7-111
SUR 5.7-128

SUR §.7-128

SUR 5.7-64
SUR 5.7-64

SUR 5.7-64

Testin
Performed
Leak Testing
Leak Testing

Leak Testing

Leak Testing

Leak Testing
Leak Testing

Leak Testing
Leak Testing

veak Testing

Stroke Time,

Full Exercise,
Valve Position

Stroke Time,

Full Exercise,
Valve Position

Stroke Time,

Full Exercise,
Valve Position

Co$gonent§sz
este
RH-MOV-780, 781,
803, 804

DH-MOV-310,
DH-V=311

SI-Cv-862A

S1-Cv-8628

SI-Cv-862C, 862D

S1-V-B63A, 8638,
863C, 8630

SI-Cv-872A, 8728

Si-MOV-861A, B61C,

8610
SI-MOV-861B

SI-MOV-861A

SI-MOvV-8618

SI-MOV-861C
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Surveillance Test Dates

10/30/84,

01/16/86,
10/01/87,

01/13/86,
01/25/88

01/23/86,
04/16/86,
04/20/86,
01/25/88

01/13/86,

01/13/86,
10/01/87

04/27/86,

01/13/86,

01/13/86,
04/15/86,
04/20/86,

10/24/84,
07/18,86,
01/18/88,
03.08/88,

10/24/84,
07/18/8¢€,
01/28/88,
03/08/88,

10/24/84,
04,23/86,
01/18/88,
03/06/88,

04/26/86,

04/22/86,
10/17/87

07/30,87,

04/07/86,
04/18/86,
07/30/87,

07/30/87,
07/28/87,

03/05/88

03/05/88

04/07/86,
04/18/86,
03/05/88,

01/11/86,
09/29/87,
Cl/28/88,
05/02/88

01/11/86,
09/29/87,
02/01/88,
05/02/88,

01/11/86,
07/18/86,
01/28/88,
05/02/88,

03/05/88
07/26/87,

10/04/87,

04/14/86,
04/19/86,
09/17/87,

01/25/88
058/16/87

04/14/86,
04/19,46,
03/10/88

04/23/86,
11/10/87,
02/01/88,

04/23/86,
01/18/88,
03/06/88,
05/04/88

04/09/86,
09/29/87,
02/01/88,
05/05/88



Appenay € (Cort'q.)

%ﬂ Qﬂg %ﬂﬁ Surveillence Tes® Dates

SUR 5.7-64 Stroke Time, SI-MOV-8610D 10/24/84, 01/11/86, 04/23/86,
Full Exercise, 07/18/86, 09/29/87, 11/03/87,
Valve Position 01/18/88, 01/¢8/868, 02/01/88,

03/06/88, 03/08/88, 05,02/88,
05/13/88, 05/19/88

SUR 5,7-64 Stroke Time, SI-MOV-B7.., 10/24/84, 01/11/86, 04/26/86,
Full Exercise 871B 07/18/86, 10/28/87, 02/28/88,
Yalve Position (5/02/88

SUR 5,791 Stroke Time, RH-MOV-780, 781, ce/11/86, 03/18/86, 07/20/86,
Full Exercise, 803, 804 08/14/87, 01/18/88, 02/01/88,
Valve Position 05/20/88

. Qthers

*Summary of Human Sngineering Discrepancies From Detafled Control Room Design Review

“Computer output from the Production Maintenance Management System (PMMS) for
valve maintenance history report.
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