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1.0 BACKGROUND 

On August 8, 1985, the NRC issued a policy statement on severe accidents and 
concluded that there is a need for a systematic examination of all nuclear 
power plants for plant-spe~ific severe accident vulnerabilities. 
Subsequently, the NRC staff presented a plan for closure of severe accident 
issues, and on November 23, 1988 issuad Generic Letter 88-20 which promulgated 
the individual plant examination (IPE} requirement. 

On January 31, 1989, the NRC issued draft NUREG-1335 which established format 
and content guidelines for IPE internal eve~t submittals. A public workshop 
was held in Fort Worth, Texas on Febr~ary 28 and March 1-2, 1989 to discuss 
these guidelines. Finally, on August 29, 1989, the NRC issued Generic Letter 
88-20 Supplement 1 with a final NUREG-1335 which initiated the internal event 
IPE process. 

The purpose of Generic Letter 88-20 is to request that each licensee perform 
an IPE for each of its plants to identify any plant-specific vulnerabilities 
to severe accidents and report the results to the Commission. Specifically, 
the licensee should, as part of the IPE, do the following: 

1. Develop an appreciation of severe accident behavior; 

2. Understand the most likely severe accident sequences that could occur at 
its plant; · 

3. Gain a more quantitative understanding of the overall 
probabilities of core damage ind fission product releases; and, if 
necessary, 

4. Reduce the overall probabilities of core damage and fission 
product releases by modifying, where appropriate, hardware and 
procedures that would help to prevent or mitigate severe 
accidents. 

As stated in Generic Letter 88-20, the NRC will evaluate licensees' IPE 
submittals to obtain reasonable assurance that the licensee has adequately 
analyzed the plant design and operations to discover instances of particular 
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vulnerability to core melt or unusually poor containment performance given a 
core melt accident. Further, the NRC will assess whether the conclusions the 
licensee draws from the IPE regarding changes to the plant systems, 
components, or accident management procedures are adequate. The consideration_ 
will include both quantitative measures and non-quantitative judgements. 

2.0 INTRODUCTION 

On August 30, 1991, Virginia Electric and Power Company (VEPCO or licensee) 
submitted its IPE report for the Surry Power Station, Units 1 and 2 (Surry or 
SPS). This report documents the results of a probabilistic risk assessment 
(PRA) performed for Surry. The Surry IPE report identifies a relatively high 
probability for non-isolable internal flooding from sources located in the 
turbine buildings. The major flooding sources are in plant circulating water 
(CW) or service water (SW) pipes and valves. Failures of these components can 
incapacitate safety equipment and lead to loss of all on-site and off-site 
power and subsequent core damage. The total contribution to the core damage 
frequency (CDF) due to internal flooding was estimated by the licensee to be 
l.lE-03 per year, or approximately 1 in 1000 years. Because of concerns 
raised due to the relatively high CDF estimate, the NRC staff met with VEPCO 
on October 9, 23 and 31 and November 21, 1991. In addition, a special NRC 
inspection was conducted at Surry on November 4-6, 1991. As a result of these 
meetings and the inspection, VEPCO provided additional information in 
submittals dated October 28 and 29, November 26 and December 19, 1991. The 
NRC staff's evaluation of the scenarios associated with floods originating in 
the turbine buildings and the completed, on-going and proposed future actions 
is presented below. 

3.0 DISCUSSION 

This is an assessment of the internal flooding vulnerability reported in the 
VEPCO IPE final report submitted for SPS on August 30, 1991 and in 
supplemental submittals. The focus of this assessment is on the potential for 
severe consequences resulting from an internal flooding event initiated in the 
Unit 1 or Unit 2 turbine building. Its objectives are to (1) assess the 
significance of the reported vulnerability, (2) assess the acceptability of 
actions taken and proposed by the licensee, and (3) make appropriate 
recommendations. Review and assessment of the entire IPE, including analyses 
of other potential internal flooding sequences, are under way. 

In its IPE submittal for SPS, the licensee identified internal flooding as a 
vulnerability. The NRC staff reviewed th~ information provided by the 
licensee and inspected relevant areas of SPS. The staff concludes that the 
plant is vulnerable to severe accidents originating in the Unit I or Unit 2 
turbine building which flood and damage equipment in the common emergency 
switchgear room and that the vulnerability is significant. However, the staff 
believes that the licensee's original calculation of the CDF contribution from 
internal flooding overestimates the CDF due to conservatisms in the initiating 
flood event frequencies. 
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The licensee has chosen to emphasize internal flood prevention by introducing 
plant and administrative modifications and measures, some permanent and some 
interim. The NRC staff has evaluated these modifications and measures and 
believes that they are appropriate and reduce the likelihood of turbine 
building flooding. However, the licensee's current commitments do not include 
a reliable set of mitigative measures that would effectively eliminate the 
flooding vulnerability for the SPS. VEPCO has informed the staff that it is 
currently studying various mitigative options and that the results of these 
studies will be reported to the NRC in May 1992. It is anticipated that they 
will include plans for mitigative measures that will effectively eliminate the 
flooding vulnerability at Surry. 

The staff considers various potential turbine building flooding scenarios to 
be "low frequency/high consequence" severe accident events. These are low 
likelihood events that, once initiated, involve systems that have little or no 
mitigative capability or lose their mitigative capability during event 
initiation or early in event propagation. The staff believes that sole 
reliance on prevention of flood initiation is not prudent, and that the 
licensee should augment its preventative measures with effective mitigative 
measures. Effective mitigative measures might take the form of a reliable 
means of quickly isolating the CW system at the high level intake structure 
during a flood emergency, or means that assure protection of vital electrical 
equipment and pumps from flood water in the event of turbine building 
flooding, or some other effective plant modification. In any case, the staff 
recommends that the licensee expedite the development and implementation of a 
plan for introducing mitigative measures which would effectively eliminate 
this vulnerability. 

4.0 EVALUATION 

The internal events portion of the IPE, excluding internal flooding, resulted 
in a point estimate CDF of 7.4E-05 per reactor year. CDFs of this magnitude 
are not unusual. However, the internal flooding portion of the licensee's IPE 
analysis, which yielded an initial point estimate CDF of l.lE-03 per reactor 
year, identified internal flooding as a vulnerability. A CDF of this 
magnitude is unusual and indicative of a significant vulnerability. The 
licensee, while acknowledging that the vulnerability is real, also believes 
that this initial CDF estimate is very conservative. 

4.1 Internal Flooding Vulnerability 

The NRC staff's assessment of the Surry v~lnerability to internal flooding is 
based on information supplied by the licensee in the IPE submittal, related 
correspondence and discussions, and on insights gained from site visits and 
the probabilistic risk assessment (PRA) for Surry that was done as part of the 
NUREG-1150 study (which includes work presented in NUREG/CR-4551 and NUREG/CR-
4550). 

The licensee's analyses show that the most important flooding sequences (i.e., 
those responsible for about 90 percent of the estimated total internal 
flooding CDF) result from initiating events in the Unit 1 or Unit 2 turbine 
building which cause flooding in the emergency switchgear room and/or 
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auxiliary building basement. This is due to a unique design feature of Surry. 
The emergency switchgear room and auxiliary building pipe tunnel are located 
approximately 20 feet below the level of the intake canal which supplies water 
by gravity feed for plant cooling. Hence, these sequences are the focus of 
this assessment. 

4.1.1 Turbine Building Flooding 

The lowest floor of the Unit 1 and Unit 2 adjoining turbine buildings is at 
elevation 9 ft 6 in. The major flooding sources are the CW system and 
connecting SW system which are gravity fed from the intake canal, with water 
level at elevation 29 ft. The CW pipes are 96 inches in diameter and the SW 
pipes connected to them are 36 or 42 inches in diameter. The flow rate at the 
intake of each of the eight CW pipes, four serving each unit, is about 190,000 
gpm during normal operation. 

Breaks can occur in the CW or SW pipes or equipment which cannot be isolated 
by closing inlet or isolation valves. These breaks can introduce water into 
the turbine building at a rate greater than the net sump pump removal rate, 
which is about 9,100 gpm {assuming seven of nine pumps operable}. In the 
absence of mitigative measures, these breaks would lead to flooding of the 
turbine building basements and, eventually, flooding of the emergency 
switchgear room and auxiliary building basement. For example, an unisolated 
leak rate of 11,000 gpm would flood the emergency switchgear room and 
incapacitate vital electrical equipment within about 4 hours. 

The importance of internal flooding at Surry is due to the potential for 
flooding events associated with ruptures of specific SW and CW components in 
the Unit 1 or Unit 2 turbine buildings which cannot be isolated. The 
components with no upstream emergency isolation capability are of primary 
concern; these are the CW inlet pipes and motor operated valves {MOVs) and SW 
pipes, isolation MOVs, and expansion joints in valve pits. Rupture of 
condenser inlet pipe or associated expansion joints or water box, and SW 
expansion joints or manual valves or pipes on bearing cooling {BC) or 
component cooling (CC) heat exchangers, all of which may be isolated by 
closing an appropriate valve, contribute less to the turbine building flooding 
potential. 

The only way of presently isolating the CW and SW systems upstream of the CW 
inlet MOVs and SW isolation MOVs is by insertion of "stop logs" at the high 
level intake structure.· As a result of the IPE analyses, procedures for 
installation of the stop logs were formalized. The stop logs can be installed 
within a few hours for maintenance purposes, under non-emergency conditions 
with no flow into the intake structure. However, the licensee has never 
attempted to insert the stop logs under simulated emergency conditions with 
flow rates into the intake structure that might be encountered during a 
flooding event. In fact, the licensee has performed analyses which show that 
the stop logs cannot be slid into place against flow rates greater than about 
12,000 gpm. The staff does not consider the existing stop log system to be a 
viable means for mitigating the identified turbine building flooding 
vulnerability. 
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4.1.2 Areas Affected by Turbine Building Flooding 

In the event of turbine building flooding, the major concern is to prevent 
flood water from entering the emergency switchgear room and the pipe tunnel 
leading to the auxiliary building basement which adjoin the Unit 1 turbine 
building at the 9 ft 6 in elevation. There are 2-ft high dikes in front of 
the emergency switchgear room door and auxiliary building pipe tunnel leading 
to the auxiliary building basement. There are three floor drain sumps, each 
containing three 1300 gpm pumps; one sump is in the Unit 1 turbine building 
and the other two sumps are in the Unit 2 turbine building. Doors between the 
turbine buildings and interconnecting drains provide a flow pathway to all 
sumps during a flooding event. Float valves were installed to prevent back
flow from the turbine building drains to the drains in the emergency 
switchgear room. 

Flooding the emergency switchgear room could result in loss of electrical 
power to both Units 1 and 2, and unrecoverable station blackout. When the 
flood water rises above about 4 inches, a grounding fault on a 480 V AC bus or 
motor control would cause the 4.16 KV supply ·breakers (located about 12 inches 
above the floor) to trip. DC power would subsequently fail when the flood 
water reaches the DC switchboards, about 12 inches above the floor, or when 
station batteries deplete. 

With regard to flooding the auxiliary building basement, the charging and 
cbmponent cooling water pumps would be disabled when the water level in the 
basement exceeds a level about 18 inches above the floor. 

There are no reliable measures for assuring that initially unisolated CW or SW 
leaks severe enough to cause flooding of the emergency switchgear room can be 
isolated prior to fully flooding the turbine buildings. Furthermore, even if 
means are devised to isolate the leaks after flooding the emergency switchgear 
room, the sump pump motor control centers would have been already submerged, 
rendering the sump pumps unavailable for-recovery purposes. Consequently, 
those flooding sequences which initiate in the turbine building and cause 
flooding of the emergency switchgear room are similar to typical station 
blackout sequences except that currently there are no means of eventually 
restoring power to vital equipment for mitigation and recovery. 

4.1.3 Sequence of Events Due to Flooding 

A complete loss of AC power leads to a turbine trip, loss of power to all 
reactor coolant pumps (RCPs) and loss of the main feedwater and condensate 
systems, as well as a reactor scram, for both units. The time available to 
recover AC power is dependent upon a number of factors and plant conditionso 

For example, one factor affecting recovery time is the length of time before 
an RCP seal loss-of-coolant accident (LOCA) occurs as the result of failures 
of seal injection and thermal barrier cooling. Another factor is the length 
of time vital batteries (which if not grounded by flooding would be available 
for about 4 hours) are available to support the turbine-driven auxiliary feed 
pump and 120 V AC for instrumentation. Whether or not there is a stuck open 
power operated relief valve (PORV) also can affect recovery time. 
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With regard to the first factor, complete loss of cooling to the RCP seals is 
likely to eventually cause seal failure and a small LOCA with the reactor 
coolant makeup system unavailable due to the loss of power. In the absence of 
high pressure injection (HPI), the NUREG-1150 study estimated that core damage 
would start ~bout 1 hour after the seal LOCA. Restoration of HPI is estimated 
to take up to a half hour following AC power recovery, which allows about a 
half hour for restoration of power before initiation of core damage. 
Estimates of core uncovery time due to seal failure range from 3.5 hours 
(NUREG/CR-4450) to 9 hours (the licensee's IPE). 

With regard to the second factor, when the turbine-driven auxiliary feedwater 
pump fails, the steam generators dry out and the reactor coolant heats up and 
passes through the PORVs leading to core uncovery. In this case, the time to 
uncover the core is estimated to be in the range from an hour or so to 7 hours 
(NUREG-1150), dependi~g on the time available before the loss of station 
batteries and whether a PORV sticks open. 

The contribution of each of these to core damage is dependent upon the time at 
which the RCP seal fails and the time the station batteries are lost. For 
events that result in flooding of the emergency switchgear room, the 
probabilities of arresting the core degradation process are small. The 
licensee's calculations indicate a time period of approximately 1 to 2 hours 
between core damage initiation and vessel failure. 

4.1.3 Stress Analvsis of Piping Expansion Joints and Valves 

The licensee performed a PRA-type analysis to estimate the core damage 
probability in the event of a sudden valve closure in the CW system. A 
necessary component of such an analysis is the calculation of the rupture 
probabilities of the various components that comprise the CW and SW piping 
systems. The calculation of these probabilities is based on the stress 
analysis of these components subjected to the internal pressure loading 
generated by a valve closure-induced hydraulic transient. The NRC staff 
evaluated the adequacy of the stress analysis methods upon which this 
calculation is based. This evaluation is provided in Appendix A to this 
assessment. 

4.2 Evaluation of Licensee's Internal Flooding Analvsis 

4.2.1 Review Chronology 

The NRC staff began its assessment of the internal flooding vulnerability 
identified in the Surry IPE final report fo September, prior to initiation of 
the normal IPE review process, due to the reported magnitude of the 
contribution of various internal flooding sequences to the CDF. Subsequently, 
the staff held discussions with Sandia National Laboratory, which made an 
earlier screening analysis of internal flooding for Surry as part of the 
NUREG-1150 study (NUREG/CR-4550, Vol. 3). 
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The staff contacted the licensee on September 27, 1991 to discuss the Surry 
internal flooding vulnerability. The licensee made a presentation pn the 
results of the IPE analysis of internal flooding to the NRC staff at NRC 
headquarters on October 9, 1991. Subsequently, NRC staff visited the Surry 
site to tour the high level intake structure area, the Units 1 and 2 turbine 
buildings, the emergency switchgear room, and the auxiliary building pipe 
tunnel area, and further discussed the IPE findings at Surry on October 23, 
1991. 

In letters to the NRC dated October 28 and 29, 1991, the licensee committed to 
various modifications and interim actions to reduce the likelihood of internal 
flood initiation events. The NRC staff performed an inspection of these 
modifications and interim actions on November 4-6, 1991. The licensee made a 
follow-up presentation to the staff at NRC headquarters on November 21 and 
submitted a supplement to the Surry IPE report on November 26, 1991. 

4.2.2 Previous NRC-Sponsored Analysis 

From the staff's discussions with Sandia, it was determined that the reason 
the NUREG-1150 study did not call attention to internal flooding at Surry was 
a difference between the interpretation in Sandia's analysis and that in the 
licensee's IPE concerning potential recovery actions. Specifically, Sandia 
had included in its analysis the ability of the licensee to quickly isolate 
(i.e., in a matter of 30 minutes or so) the circulating water system at the 
high level intake structure. Also, Sandia had used a much lower estimate of 
initiation frequencies for internal flooding sequences. 

The licensee's analysis of internal flooding indicates that, currently, there 
is no capability to isolate the CW system (and, hence, the SW system) at the 
high level intake structure for flood rates that define the vulnerability; 
essentially, those that exceed the net capacity of the sump pumps. In 
addition, the licensee has verified that there is considerable uncertainty 
associated with all of the relevant flood initiation frequencies. 

4.2.3 Licensee's Analysis 

The IPE performed by the licensee and NUS Corporation, with the assistance of 
Science Applications and Stone and Webster Engineering Corporation, includes 
the development of level I and level 2 PRA models for both Surry units. They 
divided the plant into independent flood areas,, and major flood sources and 
potential inter-area propagation pathways, and performed detailed analyses of 
potentially significant flood areas, sources and scenarios. 

The turbine buildings, auxiliary building, safeguards buildings, and the 
mechanical equipment room no. 3 were identified as the most significant flood 
areas. The CW and SW systems, main feedwater, main condensate, condenser, 
condenser make-up, bearing cooling, and the fire protection system, were 
identified as the most significant sources. CW and SW system ruptures in the 
turbine buildings were found to result in the most significant scenarios. 
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The staff did an audit review of the licensee's analyses of the potential for, 
and consequences of, turbine building flooding. Aside from specific problems 
with the licensee's initiating flood event frequencies, the staff found the 
licensee's analyses to be reasonable. The licensee performed an extensive 
search of industry flooding history for relevant data and, except for the 
calculation of and rationale for event initiation frequencies, seems to have 
used acceptable analytical methodology and calculational procedures. The NRC 
staff did not check the details of the licensee's data nor calculations nor 
relevant event trees for accuracy and completeness. The staff did review the 
analyses to I) obtain reasonable assurance that the licensee adequately 
analyzed the plant design and operation in discovering the reported 
vulnerability to internal flooding, and 2) assess whether the licensee's 
conclusions regarding plant modifications are acceptable. 

The primary mechanisms for failure of the CW or SW systems leading to turbine 
building flooding were considered to be water hammer-induced rupture of pipes, 
valve casings, and expansion joints, and the breaking of operator/valve 
linkage. In performing its analyses the licensee encountered a difficulty 
common to PRA studies, namely the lack of adequate failure data from which to 
calculate reliable event initiation frequencies. 

Typically, to calculate equipment reliability, failure data over tens or 
hundreds of thousands of operating hours, on similar components, exposed to 
similar operating environments, are required. Frequently, these are not 
available. There are very little useful data on the failure of components in 
similar CW or SW systems. Vet failure of these can cause the most significant 
flood scenarios at Surry. 

Furthermore, the licensee's analyses of initiating flood event frequencies 
attempted to relate failure frequency to flood size with a log-linear model. 
The licensee has not validated the model nor provided a convincing rationale 
for it. The staff believes that the analyses overestimated the initiating 
frequencies due to the inapplicability of the failure data to components in 
the Surry CW and SW systems. With few exceptions, the data were for small 
leaks or for failures in pressurized systems with much smaller diameter pipes 
or brittle valve casings or metal expansion joints. Consequently, the staff 
believes that the licensee's initial calculations yielded correspondingly high 
estimates of the CDF contributions. The licensee subsequently proposed 
modifications to inspection and maintenance procedures and attempted to take 
credit for them in the reanalyses by reducing initiation frequencies by a 
factor of 10, but did not fully justify the basis for this reduction. 

4.2.4 NRC Requested Clarifications 

At the recommendation of the NRC staff, the licensee performed additional . 
analyses to quantify conservatisms in the original analyses and to take into 
consideration the potential for rupture of the CW or SW system by initiating 
mechanisms other than those considered in the IPE final report. 
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The licensee submitted an "Internal Flood Reanalysis" supplement to the NRC 
dated November 26, 1991. This "better estimate" reanalysis lowered the CDF, 
in contrast to that obtained using the more conservative initiation 
frequences. Enclosure 3 to the supplement (which is Appendix B to this 
assessment), lists the licensee's "Activities/Modifications and Schedule to 
Reduce Surry Vulnerability to Internal Flooding." 

In its supplement to the IPE, the licensee modeled Surry equipment to 
determine frequencies of challenge to the CW and SW systems which then were 
combined with a conditional probability of component rupture under calculated 
stresses, incorporating data uncertainties. 

In the supplement, the licensee also took into account the various plant 
modifications, made prior to and as a result of the IPE, for reducing the 
likelihood of flood event initiation. In addition, the licensee considered 
load handling, vehicle movement, and fire-induced accidents, as well as 
maintenance-related accidents. The discussion of the first three of these was 
very 1 i mited, and the potent i a 1 for flooding from turbine failures which 
produce large, high energy missiles was not discussed. The analysis of 
maintenance-induced floods resulted in a significant contribution to the 
revised internal flooding CDF. 

As a result of the reanalyses presented in the supplement, the point estimate 
of the CDF due to internal flooding is 5.lE-05 per reactor year. The 
contribution to the CDF from turbine building flood events amounts to 2.lE-05 
per reactor year, with 22 percent due to water hammer events, 38 percent due 
to residual internal mechanisms (e.g., corrosion, erosion, etc.), and 40 
percent due to maintenance activities. The revised analyses are acceptable to 
the NRC staff for the purpose of uncovering vulnerabilities to severe 
accidents. 

~.3 Evaluation of Licensee's Proposed Plant and Procedural Modifications 

In Attachment 2 to the letter transmitting the IPE final report to the NRC, 
the licensee identified its planned "Procedural Revisions, Maintenance Program 
Enhancements, and Physical Plant Modifications to Eliminate Internal Flooding 
Vulnerability," and the associated implementation schedule. The staff found 
the proposed measures to be insufficient and the schedule inadequate in light 
of the significance of the findings. The staff acknowledges that the 
procedural revisions (completed in 1991) reduce the risk of internal flood 
event initiation. The maintenance enhancements and plant modifications were 
scheduled for completion by the end of 1992 and 1995, respectively. 

In its October 28, 1991 letter, the licensee modified its original schedule 
for improvements so as to (1) complete maintenance program enhancements for 
Unit 1 in time to support its planned February 1992 outage and for Unit 2 in 
time to support its planned February 1993 outage, and (2) complete 
installation of backflow prevention devices in charging pump drain lines (to 
prevent flooding in other areas from backing-up into the charging pump area) 
by the end of June 1992 .. 
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In addition, the licensee implemented augmented shift coverage of potential 
flood areas with a dedicated flood watch for those areas. The purpose of the 
dedicated flood watch was specifically to observe internal flood-important 
valves, pipes, and expan-sion joints on a continuous basis for early 
indications of leakage or other degraded performance. Following replacement 
of the eight 96-inch intermediate expansion joints, the dedicated flood watch 
was terminated. Furthermore, as an enhancement to flood mitigation 
capabilities, administrative controls were added, on an interim basis, to 
require operability of all nine sump pumps to further increase expected 
availability. In the event of a sump pump being inoperable, priority is to be 
given to prompt restoration of the pump to an operable condition. Finally, 
procedures for installation of stop logs at the high level intake were 
formalized and the resources (both material and personnel) required for 
installation have been identified and dedicated to ensure the most timely 
action possible in the use of stop logs for flood mitigation. As noted 
earlier, however, the staff does not consider the existing stop log system to 
be a viable means for mitigating the identified turbine building flooding 
vulnerability. 

The licensee has completed its inspection of the condenser intermediate outlet 
expansion joints. Two of these eight expansion joints showed deterioration 
significant enough that the manufacturer reco1M1ended replacement because the 
remaining lifetime was indeterminate. The licensee elected to accelerate the 
original replacement schedule and has completed the installation of the new 
intermediate outlet expansion joints for both units. Prior to expansion joint 
replacement, as an interim measure, the licensee installed reduced gap flow 
shields (1/8 inch gap) which are designed to limit flow from a failed 
expansion joint to 3000 gallons per minute (gpm). This is well within the 
capacity of seven out of nine sump pumps (9100 gpm) which the licensee is 
trying to maintain operable at all times. However, because of the 
uncertainties associated with leak rates from the expansion joints and the 
potential for loss of offsite power, coupled with the failure to isolate due 
to isolation valve failure, the staff believes that the flow limiters should 
be retained after the joint replacement and not just used as an interim 
measure. With regard to a permanent inspection and replacement program for 
all the expansion joints, the licensee's analysis is not yet complete and, 
therefore, has not been evaluated by the staff. 

In addition to the above activities, the licensee has upgraded procedures 
associated with identification and response to internal flooding events, 
provided operator training, and made several inspection and maintenance 
program enhancements which included (1) development of an inspection and 
maintenance and service life program for expansion joints, (2) development of 
an inspection program for valves (e.g., bolts and connecting pins), and (3) 
development of a turbine building sump pump reliability program. The staff 
needs to review the results of the licensee's ongoing evaluations before 
drawing any conclusions related to the adequacy of the long-term plans and 
schedules. 
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Together with the interim measures, the licensee performed additional analyses 
to understand the issue better and obtain a more realistic, and perhaps less 
bounding CDF. In a letter dated November 26, 1991, the licensee stated that 
reanalyses, using the same methodology as was used in the original IPE 
analyses, yielded an internal flooding CDF of approximately E-04 per reactor 
year. The new estimate claimed to take into account specific equipment 
changes that had not been considered in the initial analyses, and revisions 
and modifications resulting from the IPE identification of the internal 
flooding vulnerability. According to this letter, the following items were 
factored into the reanalyses that yielded this reduced CDF for internal 
flooding: 

a) Expansion joints on the CW and SW systems and associated MOYs, which are 
significant contributors to any flood damage frequency, were recently 
replaced. 

b) Inspections on MOY bolting were recently completed. {MOY bolt failure 
was considered a significant initiating event in the original IPE 
analysis.) 

c) A minimum of seven of nine turbine building sump pumps are being 
maintained operable. 

d) Backflow devices were installed in the charging pump cubicle drain 
line. 

e) Flow shields were installed on the supply lines to bearing and 
component cooling water heat exchangers. 

The NRC staff has reviewed and verified the proper implementation of the above 
actions, believes that they reduce the likelihood of turbine building 
flooding, and finds them adequate for the short term. In particular, the 
staff considers the expansion joint and MOY replacement and flow shield 
installation significant flood prevention measures. However, except for some 
procedure revisions and improved sump pump reliability, no reliable mitigative 
measures or modifications are currently planned or scheduled. 

5.0 CONCLUSIONS AND RECOMMENDATIONS 

The staff did an audit-type assessment of the licensee's analyses of the 
potential for, and consequences of, turbine building flooding. The licensee's 
analyses, except ·for the calculation of and rationale for event initiation 
frequencies, are reasonable. At the recommendation of the NRC staff, the 
licensee performed additional analyses to quantify conservatisms in the 
original analyses and to take into consideration the potential for rupture of 
the CW or SW system by initiating mechanisms other than those considered in 
the IPE final report. The overall turbine building flooding analyses, initial 
and revised together, are acceptable to the NRC staff for the purpose of 
uncovering vulnerabilities to severe accidents. 
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As a result of the IPE, the licensee has focused on reducing flood event 
initiation frequencies and has introduced various interim measures and plant 
modifications to prevent floods. This was a useful step in reducing the risk 
of serious plant damage due to internal flooding. The staff has evaluated the 
interim measures and plant modifications and believes that these reduce the 
risk of internal flooding. 

The staff believes that the initiation frequencies are small since the systems 
involved operate at mild temperatures and low pressure, and many important 
components have been recently replaced. For example, a major initiator of 
component rupture resulting in flooding is the failure of a valve disk in a 
butterfly MOY and subsequent water hammer, and the potential for this has been 
reduced by MOY replacement. In addition, the careful following of procedures 
governing maintenance of the CW and SW systems and procedures for moving 
equipment on the 9 ft 6 in level of the turbine buildings should keep the 
probability of human error-induced flooding low. 

There are no reliable measures for assuring that initially unisolated CW and 
SW leaks severe enough to cause flooding of the emergency switchgear room can 
be isolated prior to fully flooding the turbine buildings. The licensee 
claims that the stop logs can be installed within a few hours for maintenance 
purposes, under non-emergency conditions with no flow into the intake . 
structure. However, the licensee has never attempted to insert the stop logs 
under simulated emergency conditions with flow rates into the high level 
intake structure that might be encountered during a flooding event. The staff 
does not consider the existing stop log system to be a viable means for 
mitigating the identified turbine building flooding vulnerability. 
Furthermore, even if means are devised to isolate the leaks after flooding the 
emergency switchgear room, the sump pump motor control centers would have been 
already submerged, rendering the sump pumps unavailable to assist in recovery. 
Consequently, those flooding sequences which initiate in the turbine building 
and cause flooding of the emergency switchgear room are similar to typical 
station blackout sequences, except that there are currently no identified 
means of restoring power to vital equipment for mitigation and recovery. 

The staff acknowledges that, as indicated by the licensee's analyses, there 
are insufficient failure data from which to calculate reliable event 
initiation frequencies. In addition, although sensitivity and bounding 
analyses should have been performed initially and an appropriate discussion 
presented in the IPE final report, the staff considers the reanalysis 
presented in the licensee's IPE supplement sufficient. The staff does not 
believe additional calculations aimed at reducing the magnitude of the 
initiating flood event frequencies and corresponding internal flooding core 
damage frequency will provide useful information, and does not recommend them. 

The staff will not make a final determination of the acceptability of the 
overall IPE process for Surry until the entire IPE review and evaluation are 
completed, including the evaluation of all additional actions taken by the 
licensee to reduce the internal flooding vulnerability. It should be noted 
that, even by the licensee's revised estimate, internal flooding sequences 
remain dominant core damage sequences. The staff considers various potential 
turbine building flooding events to be low frequency/high consequence severe 
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accident events. These are low likelihood events that, once initiated, 
involve systems that have little or no mitigative capability or lose their 
mitigative capability during event initiation or early in event propagation. 
Even though the flood event initiation frequencies are believed to be small, 
the staff does not consider them negligible. A balance between prevention and 
mitigative capabilities allows for uncertainty and unforeseen contingencies, 
i.e., the occurrence of unanticipated events or those considered not very 
likely. The staff believes that sole reliance on prevention of flood 
initiation is not prudent, and recommends that the licensee augment its 
preventative measures with effective mitigative measures. Effective 
mitigative measures might take the form of a reliable means of quickly 
isolating the CW system at the high level intake structure during a flood 
emergency, or means that assure protection of vital electrical equipment and 
pumps from flood water in the event of turbine building flooding, or some 
other relevant plant modification. In any case, the staff recommends that the 
licensee expedite the development and implementation of a plan for introducing 
mitigative measures which would effectively eliminate this vulnerability. 

Principal Contributors: M. Branch 

Date: April 21, 1992 

B. Buckley 
M. Hartzman 
W. Lefave 
J. Schiffgens 
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Appendix A 

Stress Analysis of Piping Expansion Joints and Valves 

The Surry IPE Supplemental Report of November 26, 1991, identified a 
vulnerability of SPS to a potential water hammer event in the CW or SW 
systems. This vulnerability consisted of a susceptibility of the pressure 
boundary of these systems to rupture due to large transient pressures {water 
hammers) caused by postulated sudden closures of the butterfly isolation 
valves in these systems. Rupture of the pressure boundary, which consists of 
piping components, expansion joints and valves, could, in turn, induce 
internal flooding of compartments containing safety-related equipment located 
within the turbine building, thus creating a potentially significant risk of 
core damage under certain scenarios. The likely mechanism leading to a sudden 
valve closure was identified to be a postulated separation of the valve 
operator from the valve disk linkage, which permits the valve disc to swing 
freely and close rapidly under the action of the fluid flow. 

The licensee performed a PRA-type analysis to estimate the core damage 
probability in the event of a sudden valve closure in the CW system. A 
necessary component of such an analysis is the calculation of the rupture 
probabilities of the various components that comprise the CW and SW piping 
systems. The calculation of these probabilities is based on the stress 
analysis of these components subjected to the internal pressure loading 
generated by a valve closure-induced hydraulic transient. The objective of 
this assessment is to evaluate the adequacy of the stress analysis methods 
upon which this calculation is based. 

In its "Internal Flooding Analysis for the Individual Plant Examination, 
Supplemental Report," referenced above, the licensee determined the peak 
transient pressures resulting from a sudden valve closure in the CW and SW 
systems. The critical region appears to be the piping upstream and downstream 
of the first isolation valve in the CW system, which also includes a portion 
of the SW system. The highest stresses in the piping components {85 upstream 
and 44 downstream) subjected to the peak transient pressure were calculated 
using standard industry methods for the design and analysis of piping and 
flanged joints subjected to internal pressure. 

The calculated component stresses are based on the minimum wall thickness and 
include a joint efficiency factor where applicable. The maximum pipe diameter 
was 96 inches and the minimum wall thickness was .375 inch. This wall 
thickness was determined by subtracting mill and corrosion tolerances from the 
nominal wall thickness. Straight pipes and elbows were evaluated by 
calculating the hoop stresses due to internal pressure. Tees and fabricated 
branches were evaluated by calculating the hoop stresses in the run piping 
portion of the intersection. These stresses were then increased by 25% to 
account for the reduced burst strength of the tee connections as compared to 
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the bursting strength of straight pipes. The stresses in these components 
were found to be considerably below the rupture stresses (postulated as 90% of 
the typical material ultimate stress). 

Flange connections to valves and manhole covers were evaluated by analytical 
methods developed over the past decades by the Taylor Forge Company, which 
also form the basis for Appendix XII to the ASME Boiler and Pressure Vessel 
Code, Section Ill, 1974. 

The expansion joints were not stress-analyzed. These components are qualified 
by testing. The licensee stated that the joints in the CW system have been 
hydrotested to pressures significantly higher than the expected transient 
pressures. The licensee has stated that the manufacturer of these joints has 
also certified that the burst pressure is at least four times the design 
pressure of the CW system, which is also higher than the expected transient 
pressure. 

The primary membrane stresses in the isolation valve bodies subjected to the 
peak transient pressure were also calculated based on the dimensions of the 
valve and the criteria in Subsection NB of the above-cited Code. These 
stresses were determined to be considerably lower than the allowable stresses. 
Likewise, the primary plus bending stresses at the junction of the valve body 
and valve flanges were determined by using the Taylor Forge procedures. These 
were also shown to be considerably lower than the allowable stresses. 

The highest stressed regions were determined to be the manhole covers, 
consisting of plates bolted to flanges. The stresses in these components were 
also determined by the Taylor Forge procedures, and were found to be 
considerably lower than the material rupture stress. 

The NRC staff has evaluated the methodology used by VEPCO to determine the 
stresses in the CW and SW systems when subjected to transient pressures 
resulting from the failure of a butterfly-type isolation valve and has found 
it to be adequate and in accordance with current engineering practice. 
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ADDITIONAL PLANNED MODIFICATIONS AND ACTIVITIES 
ASSOCIATED WITH INTERNAL FLOODING 

VIRGINIA POWER LETIER SERIAL NO. 91-1340, NOVEMBER 26, 1991 
MARCH 27, 1992 STATUS 

Modification or Activity 

Procedure Revisions for Response to Flooding 
(i.e., abnormal annunciator and response procedures) 
in TB, MER 3, Safeguards Building, and Auxiliary 
Building During Power Operation 

Procedure Revisions for Isolation of CW and SW Piping 
for Maintenance During Outages 

Implementation of EWR to Improve Flood Control Panel and 
Enhance Annunciation 

Installation of Backflow Prevention Devices in Charging 
Pump Cubicle Drain Lines 

Repair/Replacement of Certain Backflow Prevention 
Devices 

Flow Shield Installation on Expansion Joints in Service 
Water Supply Lines for Bearing Cooling and Component 
Cooling 

Communication of Importance of Flood Protection 
Program to Station Personnel 

Procedure Revisions for CW Maintenance 
(i.e., double isolation, tagouts, flood watch during 
maintenance, slow refilling of CW lines prior to stop 
log removal) 

Improved Sump Pump Reliability - Maintain at Least 
7 Pumps Operable at All Times 

Stop Log Staging, Procedures, and Assig_ned Personnel 
and Equipment in Place 

Internal and External Inspection of a 96" Expansion Joint, 
External Inspection of the Bearing Cooling Expansion Joints, 
and Evaluation of Inspection Results 

Restoration of Existing Expansion Joint Shields 

Development of Turbine Building Sump Pump Operation 
Rotational Schedule (within Existing Design) 

Status or 
Schedule 

Complete 

Complete 

Complete 

Complete 

Complete 

Complete 

Complete 

Complete 

Ongoing 

Ongoing 

Complete 

Complete 

Complete 
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. . • • Development of Turbine Building Sump Pump Test 
Procedure (including level switches, check valves, pump 
flow testing) 

Completion of Initial Performance of Turbine Building Sump 
Pumps Special Test to Establish Baseline for All Pumps 

Evaluation of Insertion of Stop Logs during CW/SW 
Maintenance Activities 

Reassessment of CW and SW Piping Inspection Schedules 

Performance of Heavy Load Evaluation Using NUREG-0612 
as a Guideline 

Review of Annual PM Procedures for Flood Protection 
Devices and Schedule 

Modification of CW MOV Locking Pins Such That Full 
Engagement into Valve Stem is Easily Discernable 

Revision of Refueling Procedures for Testing Flood 
Protection and Alarm Systems 

Development/Documentation of Expansion Joint 
Inspection Program and Service Life Replacement Program 

Development/Documentation of Inspection Program for 
Valves (e.g., bolts, connecting pins, and manual operators) 

Development/Documentation of TB Sump Pump Reliability 
Program (e.g., operability requirements, surveillance and 
PM programs) 

Complete 

Complete 

Complete 

Complete 

Complete 

Complete 

Complete 

Complete 

To Support 
2/92 U1 and 

2/93 U2 Outages 

To Support 
2/92 U1 and 

2/93 U2 Outages 

To Support -
2/92 U1 and 

2/93 U2 Outages 

Replacement of Certain Expansion Joints During 
- Eight Intermediate Outlet EJs rescheduled 2/92 U1 and 

as separate line item (Serial 91-134E) 2/93 U2 Outages 
- SW EJs tied to outage: #42, 43, 46, 48, 50 & 52 for both units 

Assessment of the Need for a Flood Mitigation Equipment Complete* 
Reliability Program -

* It has been determined that to perform a Reliability Centered Maintenance (RCM) 
evaluation relative to the Surry !PE/internal flooding analysis is not appropriate. 
Instead, the appropriate approach, which will be undertaken, is to develop a 
preventive maintenance plan for affected components that were not previously 
included in the RCM studies on the CW and SW systems. 
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• Assessment of the Need for Procedures Validation of 
Operator Actions for Flood Mitigation 

Assessment of Installation of Submersible Operators 
for BC/CC MOVs 

• 
Relocation of Power Source for Existing TB Sump Pumps 

Complete 

12/31/92 

12/31/93 
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' . • • VIRGINIA POWER LETIER SERIAL NO. 91-134E, DECEMBER 19, 1991 
MARCH 27, 1992 STATUS 

Modification or Activity 

Evaluate Oconee modifications for internal flooding for 
applicability to Surry 

As an interim measure, inspect condenser intermediate outlet 
expansion joints (eight EJs} and install reduced gap flow shields 

Replace condenser intermediate outlet expansion joints 
on Units 1 and 2 

Evaluate modifications to seal plates for insertion against flow 

Evaluate increasing the height of dikes at the auxiliary building 
pipe tunnel and the turbine building emergency switchgear room 
door 

Evaluate installation of a water tight door at the MER 3 -
emergency switchgear room opening 

Evaluate the installation of permanent reduced gap flow shields 
on expansion joints 

Reassess the internal flooding design basis and update UFSAR, 
as necessary 

Status or 
Schedule 

Complete 

Complet~ 

Complete 

Complete** 

Complete** 

Complete** 

5/4/92 

7/1/92 

** Engineering evaluations have been completed. Reduction in CDF associated with 
each of these items will be assessed. Management review of evaluation results 
and associated CDF reduction will follow. 




