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EXECUTIVE SUMMARY

From August 3 through 7, 1992, a U.S. Nuclear Regulatory Commission (NRC)
inspection team conducted a special team inspection to review the facts and
circumstances surrounding a reported loss of high-head safety injection at the
Shearon Harris Nuclear Power Plant. Carolina Power 8 Light Company (CPE L) .

reported the event in LER 91-008 dated Hay 3, 1991. The event involved damage
to piping and relief valves in the alternate minimum flow portion of the high-
head safety injection (charging) system. As part of the accident sequence
pre- cursor (ASP) program, the NRC performed a preliminary evaluation of this
event and assigned it a conditional core damage probability of 6.3 x 10 E-3.

The inspection team focused its review on (1) the event summary and descrip-
tion, (2) an evaluation of the alternate minimum flow system design, (3) the
event safety significance, and (4) licensee performance/corrective action.
Several significant findings were identified concerning both the'dequacy of
the system design and CPLL's performance related to this event and similar
preceding events. Specifically, the team identified that CP&L corrective
actions for these events were incomplete in that they did not identify the
susceptibility of the alternate minimum flow relief valves to valve chatter
and setpoint drift and the potential for water hammer downstream of the safety'
relief valves. In addition, the licensee did not thoroughly evaluate the .

integrity of the alternate minimum flow piping system or the adeqUacy of its
design after experiencing several water hammers and severe valve and piping
damage.

The team determined that the assumptions contained in the ASP study for this
event were not unusual and were consistent with those used to evaluate other
events. at other plants. The team determined that with the relief valve and

piping damage identified by the licensee, the majority of high-head injection
flow would not have reached the reactor under design-basis accident condi-
tions. Because of a lack of a means for alternate minimum flow detection and
the current guidance in the emergency operating procedures, the team was
doubtful that operators would have been able to detect and isolate this flow
diversion. Although the team thought it likely that reactor depressurization
and low-pressure injection could have been achieved, it did not analyze the
effectiveness of this method of core cool>ng in preventing core damage for
small-break loss-of-coolant accidents.
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1. 0 INTRODUCTION

Oak Ridge National Engineering Laboratories, under contract to the U.S.
Nuclear Regulatory Commission (NRC), reviews all significant events as part of
the NRC's accident sequence precursor (ASP) program. .Carolina Power & Light
Company (CP&L), in Licensee Event Report (LER) 91-008, identified an event
pertaining to a loss of high-head safety injection, which was reviewed under
this program. The preliminary results of this indicated a conditional: core
damage probability of 6.3 x 10 E-3 could be associated with this event, giving
it a relative ranking among the more significant industry events within the
last several years. Consequently, the NRC conducted a special team inspection
to identify the facts and circumstances surrounding the event. This report
provides the details of the inspection.

2.0 EVENT HISTORY

During conduct of the refueling outage surveillance (OST 1826), "Safety
Injection: ESF Response Time, Train B," on March 22, 1991, the 3/4-inch weld
on the reducer to drain valve 1CS-754 in the alternate minimum flow portion of
the high-head safety injection system failed, resulting in a 3/4-inch uniso-
lated opening in the high-head safety injection miniflow,line.

Subsequent inspection of system components identified significant damage to
the internals of the relief valves 1CS-744 and 1CS-755, and to manual isola-
tion valve 1CS-756. Valve 1CS-755, exhibited severe leakage, thus precluding
the performance of a setpoint test. In addition, the valve guide was galled
and the bellows*separated from the bellows holder. Valve 1CS-744, lifted at
1100 psi rather than the required 2300+/-69 psi during a bench test performed
in accordance with procedure IAW EST-211. Mechanics found the valve bellows
assembly ruptured and the spring cracked. The internals of the miniflow drain
test connection valve, 1CS-756 were also found to be hammered and pitted.

The licensee issued LER 91-008 and Supplement 1 to the LER detailing the evegt
on Hay 3 and Hay 15, 1991, respectively. The licensee identified'potential
water hammer in the alternate miniflow lines as the common-mode failure
mechanism and indicated that the event could have prevented the fulfillment of
a safety function.

W

In the LER the licensee stated that the water hammer was attributed to an air
void that remained in the alternate miniflow lines following testing of
associated relief valves 1CS-755 and 1CS-744 and high-head safety 'injection
flow paths. Specifically the licensee assumed that a water hammer occurred
during Operations Surveillance Test (OST) 1826 on March 22, 1991, which
resulted in the break of the drain line upstream of valve 1CS-754. During the
inspection, the licensee indicated that it believed the system had been
subjected to water hammer during motor-operator valve testing (EPT-010)
conducted in 1986,. before initial power operations and following an inadver-
tent safety injection actuation in 1987 (LER 87-62).

A review of licensee documents and -interviews with .the plant personnel
indicated that the alternate miniflow system piping was probably subjected to
water hammer stresses on other occasions before the event on March 22, 1991.
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The team determined that water hammer was likely any time this system was
called upon during previous testing and during inadvertent safety injection
actuations, including the following occasions:

August 1986, during testing of motor-operated valves (EPT-010)
December 12, 1986, during inadvertent safety injection (LER 87-09)
November 7, 1987, during inadvertent safety injection (LER 87-62)
July 30 through October 14,. 1989, during refueling outage (RFO-1) while
conducting ESF response time, Train B surveillance test (OST .1826)
October 9 through December 22, 1989, during RFO-2 while conducting ESF

response time, Train A surveillance test (OST 1825)
March 22, 1991, during RFO-3 while conducting ESF response time, Train
B surveillance test (OST 1826)

3.0 EVALUATION OF SYSTEM DESIGN

=3.1 General System Description

Proper operation of a minimum of one charging pump, two accumulators and one.
residual heat removal,(RHR) pump together with the associated valves and
piping is required to provide emergency coolant flow into the core for the
complete spectrum of loss of coolant accidents (LOCAs) as described in the
final safety analysis report (FSAR). Following a small-break LOCA, reactor
system pressure would decrease as a result of coolant loss. When reactor
system pressure dropped to the safety injection (SI) signal setpoint of 1760
.psia an SI signal would start the emergency core cooling system (ECCS) pumps
and. operate valves to align the charging and RHR pumps in the ECCS injection
mode.

The centrifugal charging pumps are designed to provide high pressure injection
flow into the reactor following a small-break LOCA. The pumps are protected
against run out at low pressure by throttle valves in the injection lines that
limit flow to the reactor. The throttle valves are also set to provide proper
distribution of coolant to the three cold legs', as required by the plant
technical specifications. The charging pumps provide the only means of
injecting water into the reactor system above the cold leg accumulator
pressure (nominally 680 psia). Below reactor system pressures of approx-
imately 200 psia, the RHR pumps can inject water into the core in the low-

. peessure injectiop .mode.

The original plant design included a normal minimum flow line from the
charging pump discharge through the seal water injection heat exchanger to the
volume control tank. Flow through this line ensures that at least 60 gpm of
water is pumped by the operating charging pumps, preventing potential failure
from deadheading. However, this line is isolated on an SI signal. In 1980;
Westinghouse alerted its customers and the NRC of potential problems with
deadheading the charging pumps after reactor repressurization during certain
.design-basis accident scenarios involving safety injection. Consequently, the
licensee installed alternate minimum flow lines designed by Westinghouse.
Alternate minimum flow is actuated by an SI signal that closes valves in the
normal minimum flow line and opens valves in the alternate minimum flow lines.



Alternate minimum flow is provided individually for each charging pump so that
a stronger pump will not reduce minimum flow through a weaker pump.

Although there are three charging pumps at Shearon Harris only two receive SI
start signals. Therefore, two alternate minimum flow lines are sufficient to
provide independent minimum flow for each pump. Each alternate minimum flow
line is equipped with a relief valve (ICS-744 and ICS-755) that is designed to
lift at 2300 psig and to pass 277 gpm of water at its fully open pressure,
which is a maximum of 10 percent in excess of 2300 psig. The relief valve
size was conservatively designed to be large so as to provide at least 60 gpm
of flow through each charging pump following an SI signal for all combinations
of reactor system pressure and failure of one of two charging pumps to start.
Below 2300 psig the relief valves are designed to close so that full-flow from
the charging pumps is provided to the reactor. The two isolation valves in
each line between the charging pump and the relief valves have motor operators
that can be operated remotely from the control room. The valves are also
equipped with handwheels for local operation. A drain line is provided
between the second isolation valve and the relief valve for leak testing. The
drain line contains a normally closed isolation valve with a local manual
operator and is normally capped at the end.

3.2 Valve and Piping Design

The alternate minimum flow system (ANFS) consists of the following components:

two safety/relief valves (SRVs) 'W

four 2-inch motor-operated valves (NOVs); two are normally open and the
other two are normally closed but open on safety injection (SI) signals
five 2-inch manual valves
two 3/4-inch test valves
piping and pipe supports

The ANFS branches off the normal minimum flow line from the charging pumps and
discharges into the refueling water storage tank return header line. The ANFS

is a closed discharge system and is intended normally to be filled with water.
W

The lengths of the ANFS piping from charging pumps lA-SA and IB-SB to the
respective SRVs ICS-744 and ICS-755 are approximately 30 feet and 60 feet.
These two ANFS lines operate independently but are cross tied by two normally
closed manual valves. Therefore, failures occurring in one system discharge
line would not likely affect the performance of the other. The ANFS line from
the third charging pump, IC-SAB, is isolated from the normal ANFS lines by
three manual isolation valves. The line is not normally in operation.

The SRVs discharge into an enclosed piping system and are located at the local
high point but without a high-point vent. The team identified that this
piping configuration is susceptible to trapping air and noncondensible gases
in the inlet and outlet piping of the SRVs and, thus, creating a potential for
water columns and air pockets in the enclosed piping system. In addition,
during the first few milliseconds following lifting of the SRVs momentary
unbalanced forces may impact on the piping system. A greater force function
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or even water hammer can result if the piping contains a large amount of air
or a large column of water, as may be the case in the AMFS at Shearon Harris.

3.2.I Piping Design

The AMFS piping and supports are ASME Class 2 and were designed and con-
structed in accordance with ASME Code Section III, 1971 Edition with Addenda
through Summer 1973. The original design load combination did not include any
water hammer loads nor pressure transient loads that might result following
initial SRV lift. Although the inherent design margin may adequately envelope
the normal pressure transient load from the initial SRV discharge, it is not
sufficient to protect the piping system if it is challenged by a water hammer.
Since 1986, the licensee has experienced several water hammer events and
significant system failures have occurred including a broken pipe, a cracked
weld, valve leakage and internal valve damage.

During RFO-3 the licensee implemented a plant modification to install a

generic tieback support for the two 3/4-inch test lines. However, the
licensee did not consider the vibration history and water hammer events that
had occurred within the system. Other modifications during RFO-3 included
rewelding the test connection at ICS-756 and the welding and pipe replacement"
to test valve ICS-754.

The team found that the licensee had not assessed the integrity and opera-
bility of the ANFS piping system following several major water hammer events,
see Section 4.2. Because the ANFS design did not account for water hammer
loads and piping system damage had already been exhibited, the team concluded
that the licensee corrective actions to evaluate and resolve the effect of
water hammer loads on the piping system design were incomplete.

Although the ANFS does not have a high point vent to completely eliminate the
air from the system, the licensee's corrective action to LER 91-008 did not
include a plant modification to install a system vent or a procedure to
adequately vent the system during normal operation or during tests. Conse-
quently, the team concluded that the existing ANFS was still potentially
susceptible to water hammer.

3.2.2 Valve Design

The SRVs were Model JLT-JB-65-TD manufactured by the Crosby Valve & Gage
Company. The valve set point pressure was 2300 psig,'nd its rated capacity
is 277 gpm at 70'F and 10 percent overpressure.

All valves in the ANFS, with the exception of SRVs ICS-744 and ICS-755, were
designed and installed to provide their normal design function, (i.e., to open
to admit flow and to close to isolate it). However, the SRVs were not instal-
led to perform their normal function as an overpressurization device, but were
installed to provide minimum flow to protect the charging pump from deadheaded
operati'on when normal minimum flow lines are closed on an SI signal. Because
the charging pumps were apparently marginally sized and the high-pressure
injection system could not withstand the loss of normal pump minimum flow
(60 gpm), an important function of the SRVs is to reseat properly and reliably
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at a certain preset pressure so that all needed high pressure injection would
go into the reactor system following certain accidents. Therefore, meaningful
testing of this valve would monitor not only the lift pressure but also the
reseat pressure after each SI operation. The team found that the licensee had
not collected data to demonstrate that the SRVs would function reliably as an
isolation valve following a prolonged discharge operation. Valve chatter and
piping system vibration could cause the SRV lift and reseat pressure to drift
to a lower value. The chattering phenomenon could result if sufficient inlet
piping pressure (both fluid dynamic and frictional) was lost to lower the
.inlet pressure to a value causing the disk to reseat. Immediately upon
reseating, the valve inlet pressure would increase again to the reopening
pressure, thus opening the valve in 'a cyclical manner. The SRV installations
exhibited a relatively long inlet piping (up to 60 feet) and oversized relief
valve capacity (277 gpm), which could lead to valve chatter and subsequent
setpoint drift caused by loosening of the valve adjusting bolt. Maintenance
personnel indicated that the licensee had not implemented specific torquing
requirements to prevent loosening of the valve adjusting bolt.

4.0 EVALUATION OF LICENSEE PERFORMANCE/CORRECTIVE ACTIONS

4. I Reporting and Operability Assessment

The team determined that on several occasions the licensee failed to document
and evaluate events or conditions significant to the safety of the Shearon
Harris Plant. Specifically, CP8L failed to document and evaluate a water
hammer that occurred in 1986 during preoperational testing. The team inter-
viewed employees who indicated they had witnessed loud banging<and observed
system pipe movement. In 1987, following an inadvertent SI', an MOV (probably
ICS-752) in the alternate minimum flow system developed a leak.'causing up to
250,000 dpm/100cmz contamination in a normally clean area. The licensee also
failed to evaluate the root cause of this contamination.

4-

On March 15, 1990, plant personnel identified a potentially defective weld on
.the 3/4-inch side of a 2 inch by 3/4-inch reducer, located upstream of drain
valve 1CS-754. During an accident condition, an unisolated leak at this weld
could result in a'egraded or inoperable high-head safety injection system.
The licensee's documentation indicated that Work Request (WR) 90-ASSI1 was

. i'nitiated to evaluate .and correct the weld. On March 16, .1990, following a
'eview'.of the.con'ditions'dentified 'ih 'the WR, the weTd inspection and repair

were deferred by the operati'ons shift supervisor to the 1991 refueling outage,
RFO-3. Even though the above events were documented, the licensee failed to
recognize them as potentially significant indicators of a degraded safety
system.

The initiator and reviewers of WR 90-ASSIl had not recognized the defective
weld as a significant adverse condition. Therefore, the applicable licensee
procedures (AP-615, Adverse Condition Reporting; AP605, Root Cause Investiga-
tions and Reporting; and PLP-002, Corrective Action Program) were not imple-
mented.



4.2 Corrective Action and Root-Cause Analyses

As stated previously, the licensee failed to investigate and assess the
potential impact of the 1986 water hammer on the alternate minimum flow line.
Water hammer events that accompanied the documented safety injection actua-
tions (LERs 87-09 and 87-62) and ESF Trains A and B surveillance tests OSTs

1825 and 1826 performed during RFO-1 and RF0-2, respectively, were not recog-
nized at the time of the events. Therefore, the licensee did not initiate
appropriate root-cause analyses and corrective actions. Site supervisors also
failed to initiate adequate evaluation of the suspected through-wall weld leak
documented on March 15, 1990. Subsequently, a water hammer event during
surveillance test OST 1826 on March 22, 1991, resulted in the catastrophic
failure of the subject weld. In response to the weld failure the following
corrective actions were identified by the licensee in LER 91-008:

1. The broken piping upstream of test connection 1CS-754 was repaired by
re-welding the line. The weld indication downstream of 1CS-756 was also
repaired.

2. Supports were added to test connection lines downstream of 1CS-754 and ..

1CS-756 to prevent future cracking.

3. Relief valves 1CS-74'4 and ICS-755 are being rebuilt and will be retest-
ed, or replaced before entry into Node 3.

4. Maintenance instructions for installation of these relief valves (1CS-
744 and 1CS-755) are being changed to refill the piping before instal-
lation and to vent the piping through the relief valves",by hydraulic
pressure following installation, thereby eliminating the air void.

5. A procedure is being prepared to ensure this piping remains full of
water following any activity that could potentially drain this piping.

6. The procedure described in corrective action 5 will be performed
quarterly during Cycle 4 to ensure this piping remains full. Following
Cycle 4, if it is determined .that corrective actions 4 and 5 maintain
this piping full, then this quarterly testing will be terminated.

The team reviewed the'corrective actions and identified the fo] lowing weak-
nesses:

S ~

Weld inspection was limited to a single weld on the redundant alternate
minimum flow drain line. While indications were identified and repaired
on this weld, the inspection was not extended to include other welds in
the system.

2. A single generic tieback support was installed for each of the two 3/4-
inch drain lines in accordance with modification PCR 5839. The root-
cause evaluation included in the modification package attributed the
weld failures to stresses caused by personnel standing on the drainline.
Apparently the engineer who evaluated the broken drain pipe was unaware
that water hammers were the cause of the damage.



3. Although relief valves 1CS-744 and 1CS-755 were promptly repaired,
documented engineering evaluations of the valve failure mechanism and
metallurgical assessments of damaged parts were not performed.

4. The licensee's method to vent the minimum flow line piping of entrapped
air would result in some air being pushed into the piping downstream of
the relief valves. Although the subject line connects to the refueling
water storage tank (RWST), the licensee did not evaluate the possibility
of water hammer in this section of piping.

5. The maintenance department issued corrective maintenance procedure CH-

N0190, "Fill and Vent of SI Alternate Hiniflow Piping for Relief Valves
1CS-744 and. 1CS-755." The procedure required mechanics to fill the
piping with demineralized water before reinstalling the relief valves.
This appeared to be an acceptable solution for removal of air but only
for the air upstream of the relief valves. Additionally, the procedure
did not address the removal'f air before the installation of a spool
piece'equired to facilitate ESF response time testing during OSTs 1825
and 1825. This is significant because the spool piece was installed
during the performance of OST 1826 when water hammer caused the weld to
fail.

The licensee, stated that the corrective actions identified in LER 91-008 and
its Supplement 1 were the result of root-cause analyses following the water
hammer event. However, although Administrative Procedure (AP) 605, "Root-
Cause Investigations and Reporting," required the licensee to prepare and
issue a Root-Cause Investigation Report, the team noted that no such report
was prepared and issued. The team also noted that the investigation for root
cause was conducted by an engineer with no specific training in this area.

In summary, the licensee's testing, operation, and engineering and technical
support personnel were not sensitive to recurring indications of water hammer
in a safety-related system over a long time period (1986 through 1990). When

water hammer was finally recognized as a concern in Narch 1991, following a

weld failure, the subsequent corrective actions described in LER 91-008 were
incomplete.

5.0 EVENT SAFETY SIGNIFICANCE

'.
1 Review of the Accident'Sequence Precursor Study

5. 1. 1 Background

A preliminary evaluation of the degradation/unavailability of the high-head
safety injection (HHSI) system at Shearon Harris was performed by Oak

Ridge'ationalEngineering Laboratories for the NRC as part of the Accident Sequence
Precursor (ASP) program. The ASP study calculated the conditional core damage
probability (CCDP) associated with this event to be 6.3 x 10 E-03. The
following sections describe the methodology and assumptions that were used in
the ASP study. Additional observations are made as to the validity of the
methodology as it was applied to the apparent failure of safety-related system
function.



5.1.2 ASP methodology

The ASP program uses eight different plant models as the basis for the
analysis of operational events at U.S. commercial nuclear facilities. The ASP

methodology is generic in nature and does not attempt to use plant-specific
models or plant-specific reliability data in the calculation of the condition-
al core damage probabilities associated with the events considered for
analysis. The individual system and component reliabilities and recovery
failure probabilities are also generic in nature. Thus, the ASP methodology
does not attempt to assess the exact probability of core damage on a plant-
specific basis. Rather, the goal of the program is to apply a consistent
methodology and set of assumptions to all significant operational events so as

to obtain a relative ranking of the safety significance of these events. The

application of a consistent methodology to all events ensures that each event
will be treated in a similar fashion from an analytical standpoint, and an

overall trend in the number of significant operational events can be deter-
mined by combining these estimates. The following selection criteria are used

to screen events for ASP study consideration: core damage initiating events,
failures in safety related systems, and degradations in multiple safety
related systems. The event at Shearon Harris was selected for evaluation
because it involved the apparent failure of a safety-related system function.

5. 1.3 Application of the ASP Hethodology to the Shearon Harris Event

The ASP methodology as applied to this event assumed that all high head safety
injection (HHSI) function had been lost. This assumption was based on the
information contained in LER 91-008. As a result of this assumption, all
accident sequences requiring HHSI success to mitigate the consequences of
specific core damage initiators were assumed to lead to core damage. Thus, a

conditional core damage probability was obtained, "conditioned" on the fact
that HHSI was unavailable. Additionally, because of the nature of the HHSI

failure, a non-recovery probability of 1.0 was assigned to the recovery
actions associated with regaining the HHSI function during accident scenarios.

The current ASP methodology does not routinely address the possibility of
operator actions to depressurize the primary system via secondary blowdown to
allow for low-pressure injection in those scenarios where HHSI has been lost.
Such actions are accounted for in sensitivity studies. As a result, any
design basis LOCA canditions that require HHSI will lead to core damage in the
current ASP models given the unavailability of HHSI. Thus, for the Shearon
Harris event, the CCDP is the result of the initiating event frequency for the
small-break LOCA for the time period that was modelled (i.e., 1 year).
However, the ASP study included sensitivity analyses based on assumptions of
the probability of success of secondary depressurization scenarios as well as

the usage of multiple charging pumps to 'achieve success criteria.

5. 1.4 Evaluation of ASP Assumptions and Methodology as Applied to the Shearon
Harris Event

As mentioned previously, the ASP studies do not attempt to calculate the exact
core damage frequency associated with a particular event on a plant-specific
basis. Rather a conditional core damage probability based on observed



operational events and conditions is calculated based on generic information.
The plant model used to assess the relative significance of the event is
consistent with that used to examine other events at other Westinghouse three-
loop facilities. Additionally, the generic initiating'vent frequencies and
non-recovery probabilities that were assigned to the event were consistent
with the guidelines established by the ASP program. Thus, the .ASP results, as
evaluated, are a valid representation of the overall significance of the event
when compared to other facilities using a similar methodology and set of
assumptions.

However, one shortcoming of the current ASP approach is that the methodology
does not recognize the potential operator actions associated with secondary
depressurization and low-pressure injection to achieve core protection in
small-break LOCA scenarios. The ASP sensitivity estimate did attempt to allow
credit for these actions. The impact of this assumption is discussed in
Section 5.2. 1 below.

5.2 Alternate Success Paths

5.2.1 Feasibility of Depressurization and Low-Pressure Injection

The team evaluated the feasibility of the operator actions that are necessary
to initiate secondary-side depressurization to allow for low-pressure injec-
tion. In the event of a small-break LOCA scenario, the licensee's emergency
operating procedures would be entered. The entry point for these actions
would be "PATH-I," which would direct a variety of operator actions to verify
the proper function of the safety systems required for accident.;mitigation.
In the event that HHSI flow was either unavailable or degraded,'one of a

number of different procedures would be entered from PATH-1 depending on the
conditions in the reactor coolant system (RCS). In the event of a very small
break scenario with low. levels of decay heat, it is likely that the core exit
thermocouple temperatures would rise relatively slowly. Additionally, the
decrease in RCS inventory would be at a slower rate, which would allow
operators time to reach the terminus in PATH-1, which directs further actions-
to be taken in accordance with End Path 'Procedure 9, "Post LOCA Cooldown and
Depressurization" (EOP-EPP-009).. Step 5 of EPP-009 directs the operators to
initiate an RCS cooldown and depressurization to cold shutdown conditions.
Thus, successful completion of these actions would place the reactor in a

condition amenable to low-pressure injection (LPI) system operations.

In the event of larger size small-break LOCAs with higher levels of decay heat
generation, core temperatures could rise at a higher rate. Additionally, the
RCS inventory would also be depleted at a faster rate. Thus, for this type of
scenario, in-core conditions would degrade 'at an accelerated rate and the
conditions would likely progress to the point whereby entry into the li-
censee's function restoration procedures (FRPs) would be warranted. Procedure
EOP-FRP-C.2, "Response to Degraded Core Cooling," and Procedure EOP-FRP-C. 1,
"Response to Inadequate Core Cooling," direct the operator actions for this
type of scenario depending on the specific core conditions. Both of these
procedures direct the operator to initiate secondary-side depressurization to
effect RCS cooldown and depressurization to the point where LPI would be
effective.
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The ASP sensitivity study assigned a success probability of approximately 0.88
to the operator actions associated with secondary-side depressurization. This
value is based on the assumption that the actions appear to be possible from
the control room in the required period, but recovery is not routine and
involves substantial operator burden. Discussions with the licensee's risk
analysis organization indicated that its own preliminary estimates of the
success of these operator actions would be in the range of approximately 0.90.
These estimates are consistent with the results of other PRA studies through-
out the industry. Therefore, it is reasonable to assign some level of credit
for operator actions to achieve LPI actuation for certain classes of small-
break LOCAs. For small breaks in which it is assumed that secondary side
depressurization would be successful in allowing for LPI actuation, a success
probability of approximately 0.90 would be a reasonable estimate.

The cutoff for the limiting size of small breaks for which credit is taken for
secondary side depressurization and LPI has been the subject of considerable
discussion in the industry. The preliminary results of the licensee's own PRA

analysis places this cutoff at break sizes of 1.5 inches or less (i.e., Class
Sl LOCA). The licensee's preliminary initiating event frequency of such
breaks has been evaluated to be on. the order of approximately 1.5 E-02/yr.
Using these values as the basis for a crude calculation of the conditional
core damage probability yields a result of approximately 1.5 E-03/yr if all
other top events are assumed to be perfectly reliable (i.e., probability of
success= 1.0). If actual plant-specific reliability data were available, then
this number would be slightly higher. Thus, the value of 1.5 E-03/yr repre-
sents a lower bound estimation of the CCDP for breaks of approximately 1.5
inches or less in diameter and for which secondary-side depressurization is
assumed feasible and HHSI is unavailable.,

For those small breaks where no credit is taken for operator actions to ~

initiate RCS cooldown and depressurization, the analysis is equivalent to that
of the original ASP study. In its preliminary studies, the licensee's risk
analysis organization categorizes "S2" LOCAs as those break sizes in the range
of 1.5 to 3.5 inches in diameter. No credit is taken for operator actions to
depressurize the RCS to LPI entry conditions for the S2 LOCA. This assumption
is based on the available time, indications, and associated thermal-hydraulic
performance of the RCS as well as the operator stress associated with this
particular initiator.. These assumptions'are consistent with other PRA studies
that have been performed in the nuclear industry.

The ASP study assigned an initiating event probability of LOCA occurrence
during the period of vulnerability of 6.3 E-03 (probability/hour times likeli-
hood of not isolating times operating hours at power) for all small-break
LOCAs without differentiating the particular size of the break. Thus, this
estimate formed the basis for the overall CCDP resulting from small-break
LOCAs of any size. The licensee's preliminary estimate of the frequency of
the S2 LOCA was approximately 2.0 E-3. Both of these estimates are within the
bounds of those that have been used throughout the industry for PRA analyses.
Thus, a reasonable approximation of the CCDP for LOCAs in the S2 class where
HHSI is assumed *to be failed would be on the order of 2.0 E-03. Combining the
CCDP estimates for the Sl and S2 LOCA gives a rough approximation of the total
CCDP resulting from all small-break LOCAs. Thus, the sum of the (Sl+S2) CCDPs
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yields an overall result of approximately 3.5 E-03 for all small-break LOCAs
giving credit for the operator actions associated with secondary-side depress-
urization for those break sizes whereby those actions are assumed to be
feasible. This result is comparable to the CCDP that was calculated by the
ASP study.

5.2.2 Feasibility of Injecting With Three HHSI Pumps

The ASP study contained a crude sensitivity study associated with the poten-
tial use of multiple charging/safety injection pumps (CSIPs) to achieve the
required HHSI flowrates to mitigate the small-break LOCA scenarios. Based on
the available information concerning the status of the alternate minimum flow
relief valves and the integrity of the associated drain line piping at the
time of the events, the team determined that the flow from two CSIPs would be
insufficient to show adequate protection for these scenarios. Thus no
analytical credit can be given to the use of two CSIPs for small-break LOCA
events.

The HHSI at the Shearon Harris site is equipped with a third redundant CSIP.
This pump is normally powered by the Train B emergency power supply and can be
realigned to the Train A, if necessary. However, the licensee's administra-
tive requirements and control interlocks prohibit the simultaneous use of all
three CSIPs. Additionally, the licensee stated that it is doubtful that the
additional electrical load that would be incurred as a result of the operation
of'a third CSIP could be accommodated by the emergency diesel generators.
Thus, no credit .is appropriate for the use of three CSIPs to supply the
necessary cooling/makeup flow in the small break analysis.

5.2.3 Likelihood of Operator Detection and Isolation of Alternate Minimum
Flow

The team examined the available instrument indications for the HHSI system to
assess the potential for detection and isolation of the minimum flow relief
valves. The ASP study did not address the potential for detection and
isolation explicitly. However, the licensee's LER indicated that the conse-
quences of the small- or medium-break LOCA may have been mitigated by operator
inspection of the CSIPs. The licensee indicates that this inspection would

~ have occurred qs a result of inagqguate HHSI flow"being indicated in the
~ control room;. -

'he

control room indications of HHSI conditions during a safety injection
event include flow indications for the high-head pumps and valve position
indication for the various valves in the injection flow path as well as the
minimum flow isolation valves. The licensee's emergency operating procedures
(i.e., PATH-I, FRP-C.I, FRP-C.2) require the operator to "Check SI Flow in All
Trains:" by verifying that the CSIPs are running and also by ensuring that SI
cold-leg header flow is greater than 200 gpm. The requirement to verify the
cold-leg header flow greater than 200 gpm is not based on any thermal-hydrau-
lic calculations to guarantee core protection. Rather, it is based on the
lowest reliable indication of flow within the capabilities of the available
control room indication. Thus, it is possible that 200 gpm or greater could
be supplied to the core during accident conditions and meet the criteria
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specified by the EOPs. However, 200 gpm may not be sufficient to mitigate the
consequences of the entire spectrum of LOCAs. Therefore, the possibility
exists that during accident conditions, a minimal amount of flow may be

present, which would satisfy the EOP requirements, but may not be adequate to
satisfy LOCA requirements. The operator in executing the EOPs would not
necessarily detect the degraded HHSI flow so long as the EOP criteria were
satisfied. Thus, under these conditions, the likelihood of operator detection
and isolation of minimum flow would be small.

If the HHSI flow indication in the control room was less than 200 gpm, the
operators in executing the EOPs, would have determined that insufficient SI
flow was being supplied. This would, presumably, have triggered an investiga-
tion into the cause for the loss of the HHSI while the execution of the EOPs

continued. However, because of the location of the minimum flow relief valves
in relation to the CSIP pumps and because of the difficulty involved in
adequately diagnosing the problem, it is doubtful that successful detection,
diagnosis, and isolation could be effected in sufficient time to prevent entry
into the EPPs or FRPs. Additionally, isolation of the alternate minimum flow
relief valves is not a proceduralized action under these conditions and would
defeat the safety function of the relief valves. All of these factors
combined make it highly unlikely that the control room operators would have
detected, diagnosed, and isolated the cause of the degraded HHSI flow in
sufficient time to avoid the necessity of secondary-side depressurization.

5.2.4 Actual Flow Requirements Versus Expected Flow

~ ~ ~

The ECCS flow requirement to mitigate small-break LOCAs is gi'ven in
Figure 15.6.5-56 of the FSAR. This is the flow rate as a function of reactor
system pressure that is assumed to enter the RCS in the design-basis small-
break LOCA safety analyses. The required flow at the discharge of 'a charging
pump to produce the FSAR flow rates is determined by assuming that approxi-
mately one-third of the charging flow is lost through the break. This is
because the break may occur in a reactor system cold-leg pipe adjacent to an

injection nozzle so that the flow from that nozzle would be unavailable to
cool the core. The throttle valves in the three cold-leg injection lines're
adjusted to maintain a minimum flow. distribution through any two injection
lines according to the surveillance requirements to Technical Specification
3/4.5.2. Maintenance of the minimum required flow distribution limits the
flow loss to the reactor from failure of* any single injection lihe.

Assuming flow from one injection line is lost and does not reach the reactor,
the assumed high-pressure ECCS flow is approximately that of a single charging
pump. With the reactor system pressure at 1500 psig, the licensee calculated
that a single charging pump would have a discharge flow of about 420 gpm. The

FSAR corresponding flow rate assumed to enter the intact reactor system cold
legs is 262 gpm or 62.5 percent of the charging pump discharge flow. Although
the specific effect on the Shearon Harris Plant accident analysis is unknown,
the analysis is apparently sensitive to long term flow diversions. Generic
Westinghouse studies conducted in 1980 in conjunction with their analysis of
the need for alternate minimum flow lines that if as much as 60 gpm of water
continued to flow through an open minimum flow line and did not reach the core
during the most severe small-break LOCA that the peak cladding temperature
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could increase by 205"F. The sensitivity studies by Westinghouse further
indicated that operater action to isolate an open minimum flow line in the
first 10 minutes of a:small-break LOCA would prevent any significant addition-
al core heatup above Chat calculated in the FSAR.

The design of the chan'ging pump minimum flow lines at Shearon Harris maximizes
flow to the reactor system for small-'break LOCAs. Relief valves 1CS-744 and
1CS-755 are designed to open at high reactor system pressures when .minimum
flow through the charrging pumps is required and to close at low pressures when
full ECCS flow is rendu'ired to cool the core. During the 1991 refueling
outage, one alternate ~minimum flow relief valve, 1CS-744, was found to have an
opening pressure of XE!00 psig rather than the required 2300 psig opening
pressure. The other minimum flow valve, 1CS-755, was found to have excessive
seat leakage and the associated drain line to which the valve was connected
was found to be broken off.

The licensee evaluated the amount of flow that would be lost through the
damaged alternate mimmum,flow lines. The licensee originally estimated that
with two charging pumys in operation, adequate ECCS flow many still be
obtained. Later calnilations indicated that acceptable results would not be
obtained even with two charging pumps operating. With the reactor system at
1500 psig, the fIow through the open relief valve was calculated to be 264
gpm. This would leave only 156 gpm of water to inject into the reactor. For
the'ther charging pump the licensee first estimated that 100 gpm would be .

lost from the broken dlrain line so that even if 1CS-755 was. assumed to leak at
50 gpm sufficient water would still reach the. reactor with two charging pumps

. operating. Later caXaulations indicated that flow out .of the broken drain
pipe would be 300-509 gpm, leaving insufficient water reaching the reactor.

'5.3 Significance to large-Break LOCA Mitigation

The licensee ha'd repas",ted that during large-break LOCA scenarios, the poten-
tial of CSIP runout and subsequent pump failure were likely. The control room
indications of pump runout would include pump flow and amperage indications.
However, the EOPs do not specifically address the potential for pump runout
during these conditices, and it is unlikely that operators would be able to
detect pump runout am5 prevent damage during large-break loss of coolant

. conditions. Thus xt is likely that at least some significant pump damage
: Mould have-occurred. c5aring. postulated'5 ge break scenari'os.

The limiting case conditions for a large break LOCA described in the accident
'nalysissection af She licensee's FSAR are for a double-ended cold-leg

guillotine break with a coefficient discharge of 0.4. This type of break
results in a peak cladding temperature of 2105.2'F. Because the large-break
LOCA analysis is mart sensitive to containment temperature and pressure
considerations, the awrst-case single active failure is that of an RHR pump,
Thus', the licensee's safety analysis assumes that the flow delivered to the
reactor vessel incle5es the flow delivered from two CSIPs in addition to the
flow from the single >remaining RHR pump. Approximately 4 minutes into the
transient (during the reflood phase) the assumed SI flow rate is about 2950
gpm. This would s1.i@htly exceed the capacity of a single RHR pump under these
conditions. Thus, $f the flow from the two CSIPs is unavailable as a result
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of pump damage, then the assumed FSAR flow rate would have been unavailable
for injection.

Conventional PRA studies do not address the necessity of HHSI for the mitiga-
tion of large break LOCAs. The licensee indicated that it had performed
calculations for another one of its facility's PRA studies, which had validat-
ed the fact that the flow rate from a single RHR pump alone would. be suffi-
cient to prevent core damage during large LOCA scenarios. The likelihood of
core damage during large break scenarios without HHSI flow has not been fully
evaluated.

5.4 Unavailability of Other Equipment During Period of Inoperability

The team examined the availability and operability of other safety-related
equipment for the period of HHSI unavailability. Because of the relatively
long time period in question and the manner in which the individual availabil-
ity and operability records are kept, the licensee made no attempt to ascer-
tain the status of other safety-related equipment on a daily basis. Rather,
an overall assessment of system reliabilities for other systems and safety-
related power supplies- was obtained. The reliability data was obtained from
the licensee's input to the Institute of Nuclear Power Operations (INPO) for
the performance indicator program. The inspection team did not validate the
accuracy of the reliability data during the course of the inspection.

The availability of the auxiliary feedwater system (AFW) is very important for
small-break loss of coolant scenarios where HHSI is unavailable. A review of
the overall performance indicator reliability data for the period in question
yielded a lumped unavailability estimate for the entire AFW system of approxi-
mately 0.58 percent. The highest monthly estimate for overall system unavail-
ability was approximately 2.2 percent. This estimate is merely a reflection
of the overall availability of the system and does not take into account any
specific equipment configurations at a particular point in time. Additional-
ly, since this type of data is reported on a monthly basis, conclusions about
the status of the system at any particular p'oint in time would be unwarranted.
However, no unusual AFW system reliability problems were noted on the basis of
this information.

The overall unavailability of the Train A emergency power supply for the time
period of concern was found to be approximately 5.4 percent with a maximum

unavailability (on a monthly basis) of approximately 52.4 percent. The Train
B emergency power supply had an overall unavailability of 1.8 percent with a

monthly maximum of 8.9 percent. The unavailability estimates for the Train A

emergency power supplies indicated that some reliability problems may exist
with that train. This would tend to elevate the CCDP estimates for those
scenarios that involved system demands for components powered by that train.
However, in the absence of more specific information, no meaningful quantifi-
cation was possible.

The overall conclusion to be drawn from the examination of other safety-system
availabilities for the period of HHSI inoperability is that the assigned CCDP

for the event may be slightly higher than that indicated in Section 5.2. 1 of
this report because of the unavailability associated with the Train A emergen-
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cy power supply. The reliability estimates associated with the AFW system
were already assumed to be at nominal values for the previous calculations,
and no revision of those estimates is warranted based on information obtained
during the inspection.

6.0 EXIT MEETING

The team held an exit meeting on August 7, 1992, and presented its findings to
CP&L. The following people were in attendance:

arne

E. G. Adensam
Cheryl Brown
Talmage Clements
J. H. Collins
R. J. Duncan
Y. S; Huang
Gene Imbro
Jeffrey Jacobson
Walton Jensen
Peter Koltay
T. C. Morton,
J., F. Nevill
Chuck (C.S.) Olexik
Wallace Ponder
Jeff Shackelford
R. B. Starkey Jr.
J. E. Tredrow
R. B. Van Metre
D. H. Verrelli
Michael Verrilli
E. E. Willett

Or anizatio

NRC

CP&L
CP&L
CP&L
CP&L
NRC

NRC

NRC

NRC

NRC

CP&L
CP&L
CP&L
CP&L
NRC

CP&L
NRC
CP&L
NRC

CP&L
CP&L

~itle

NRR/DRPE
NSSS — Manager
HGR - Transient Analysis
HGR — Operations
MGR - Reactor/Perform Engr Tech Sup
Mechanical Engineer
Chief, Special Inspec Branch
Spec Inspec Br (Team Leader)
Senior Engineer
NRR
HGR - Maintenance
HGR - Tech. Support
MGR - Reg.Compliance
Tech Support
RII
VP - Nuclear Services Dept.
SRI - Harris
HGR - Harris Engineering Support
Project Branch Chief - RII
Specialist - Reg. Compliance
HGR - Outages & Hods Section
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