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EXECUTIVE SUMMARY

This Technical Evaluation Report (TER) documents the findings frcm a review of the Individual Plant
Examination (IPE) for the Waterford-3 Steam Electric Station (W3). The primary purpose of the review
is 0 ascertain whether or not, and to what extent, the IPE submittal satisfies the major intent of Generic
Letter (GL) 88-20 and achieves the four IPE sub-objectives. The review utilized both the information
provided in the IPE submittal and additional information provided by the licensee, Entergy Operations,
Inc., in response (RAI Responses) to NRC requests for additional information (RAI).

E.1 Plant Characterization

The Waterford 3 Steam Electric Station is a 1153 MWe, 3410 MWth Combustion Engineering
pressurized water reactor (PWR). The reactor coolant system (RCS) consists of the reactor vessel, two
U-tube steam generators, 4 shaft-sealed reactor coolant pumps, an electrically heated pressurizer and
interconnected piping. The plant is operated by Entergy Operations, Inc., and started commercial
operation in the Fall of 1985. There are no other operating units on site.

Design features at Waterford 3 that impact the core damage frequency (CDF) are as follows:

. There is no feed and bleed capabiiity at this plant. No pressurizer PORV exists and the
HPSI/charging pumps do not have the requisite head to lift the safety valves.

. The turbine driven main feedwater pumps will continue to run for most transients, as the pump
flow output is automatically matched to the decay heat level.

. There are two motor driven (capacity 350 gpm each) and one turbine driven (capacity 700 gpm)
EFW pump. In addition, a manually started AFW pump is also available, should the other three
pumps fail (the AFW pump is normally used during startup/shutdown operations).

. The EFW control valves fail open on loss of instrument air, and there is also a backup nitrogen
accumulator supply in case of loss of instrument air. The turbine driven EFW pump does not

require room cooling (according to calculations, RAI responses), whereas the motor driven EFW
pumps do.

. The DC battery (battery AB) supplying control to th TDEFW pump has a SBO depletion time
of 4 hours with proceduralized load sheddir (1 hour without load shedding), according to the
submittal .

. Condensate pumps may be used to provide feedwater to the steam generators, provided the
secondary system has been depressurized to 500 psia. There are three parallel condensate pumps.
The condenser hotwells have enough inventory to supply the condensate pumps for 24 hours.

. There are two EDGs. The EDGs need cooling by CCW, ventilation by dedicated fans and DC
power provided by the station batteries. A diesel compressor has been added to the plant post-
IPE, to help in case of problems with startup compressed air.



There is no service water system at this plant. Instead, the ultimate heat sink is provided by the
dry cooling towers, MMnmlﬁplefaminlhctom,theyanbeminﬂimd piecemeal,
such that maintenance would not disable the whole tower (although in the IPE it is conservatively
assumed that it does). Also, in case of increased demand (depeading on air temperature) and
durln;wmdmmucmmwnwoliuwwmwhidluewwinamme
beat rejection capacity. The IPE assumes that the wet cooling towers are needed in case of a
LOCA, when several types of safety equipment may be operating simultaneously.

The CCW is needed to cool the HPSI pumps, the LPSI pumps, containment spray pumps,
shutdown heat exchangers (also used for containment spray recirculation cooling), containment
fans, the emergency diesel generators and the central chiliers used to provide HVAC cooling for
several plant areas.

The instrument air system is necessary for operation of the MFW system and the normal
pressurizer spray (but not the aaxiliary spray, supplied by the charging pump). All the other
important systems (EFW, CCW, ACCW, containment sump recirculation valves) are provided
with a backup air or nitrogen accumulator system. There are two instrument air Compressors,
of which one is sufficiert to supply the requisite loads in an intermittent type of operation. In
case of failure of both cornpressors, a cross tie to the station air system automatically opens; the
station air has throe compressors. Therefore the compressed air system seems to be relatively
reliable and the systems affected are relatively few.

Room cooling or ventilation is needed for several important systems: HPSI [not needed during
the refueling water storage pool (RWSP) injection phase due to the low temperature of the water
pumped), LPSI (not needed during the injection phase), containment sprays (not needed in the
injection phase), MDEFW pumps, normal pressurizer sprays, emergency diesel generators and
the CCW pumps.

The switchover to recirculation is automatic. However, the operator must manually close the
RWSP suction valves at that time.

The recirculation spray (using the CSS pumps aligned to the containment sump and the shutdown
heat exchangers) is necessary to provide cooling of the containment sump water.

Other design features are discussed in Section 1.2.

The Waterford 3 Steam Electric Staticn utilizes a large dry containment. It is a freestanding steel vessel
surrounded by a reinforced concrete shield building. Both the thermal power level and the containment
free volume of Waterford 3 are similar to those of Zion.

The following plant-specific features are important for accident progression in the Waterford 3 plant:

A cavity design which facilitates flooding of the reactor cavity. According to the IPE, water can
readily flow from the containment sump to the reactor cavity. Flooding of the cavity is
accomplished through a small tunnel that connects to the ductwork that provides reactor cavity
cooling. Flooding of the reactor cavity and the low placement of the reactor vessel in the reactor
cavity ensures that ex-vessel cooling can occur.
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. A steel shell containment that is vulnerable to direct attack by dispersed core debris. However,
based on the consideration of potential debris dispersing paths and MAAP calculations, the
Waterford IPE discounts the possibility of direct corium attack on the steel containment wall.

. A reactor vessel with no lower head penetrations. Tbis delays the time of vessel failure, but may
cause a more energetic failure with larger hole size.

. The large amount of Zircalloy in the core assemblies. The amount of ircalloy in the core
assemblies of Waterford 3 is about 40% more than that of Zion. The amount of hydrogen
produced during a severe accident is thus wore for Waterford 3 than for Zion.

. A small reactor cavity with very little area for ejected core material to disperse to the upper

containment region. The cavity is open to the upper compartment through a very small annulus
between the vessel and cavity wall.

. The large containment volume, high containment pressure capability, and the open nature of
compartments which facilitates good atmospheric mixing.

E.2 Licensee’s IPE Process

The IPE was initisied in late 1988. The model reflects the plant as of July 1, 1989. Select plant changes
made after that cutoff date that could have a significant impact on the model have been incorporated. A
review of plant changes from the cutoff date up to July 1, 1992 was compieted prior to the submittal of
the IPE report; none of these changes are expected to have a major impact op the results. Other PRA
studies were also reviewed: NUREG-1150 for Zion and Sequoyah, and the Crystal River 3 PRA of 1987.

Licensee personnel were involved in all aspects of the analysis and contributed more than 50% of the total
effort. The licensee was performing almost all the analysis in the latter half of the project (except internal
flooding analysis). The contractor was SAIC with ERIN Enginecring performing the flooding analysis.

The analysis was reviewed at three levels. ERIN Engineering provided outside review. Plant personnel
were also involved in a formal review, as well as an ongoing review as part of the QA procedures.

Waterford 3 PSA staff were involved with the collection of data, interviews of operators, and
performance and review of the calculations to determine the HRA probabilities. The analysis was initially
performed by an expert from SAIC, with Waterford 3 staff assuming progressively more responsibility.
All work on the HRA after December 1990 was performed by Waterford staff. A contractor with “a high
level™ of PSA expertise (ERIN Engineering) provided an external review of all aspects of the IPE, but
“the review team did not include an HRA expert.” Regarding the [PE HRA representing the as-built,
as-operated plant, the submittal states that “the HRA task served as an integral advisor to oth ir project
tasks to assure that relevant human interactions were identified and properly incorporated into the logic
models.” The HRA task was involved during initial sequence and modeling efforts and “during this
period had the opportunity to review plant and system design information and become familiar with the
control room and related operating procedures.” While simulator exercises were not conducted, the
stutements discussed above suggest that the HRA analyst was significantly involved throughout the
modeling effort. Thus, it appears that steps were taken to assure that the HRA represented the as-built,
as-operated plant. However, it was not clear that the HRA gave detailed consideration of plant-specific

vii



factors in determining the HEPs. There was no mention of any walkdowns of important or time
consuming operator actions. Rspomcﬁuﬁxmmidemmlmomw«ebwon
interviews with operators. Both pre-initiator actions (performed during maintenance, test, surveillance,
nc.)nodpou-lnitiaorlaiom(puformdnpmofﬂumpometomaccidm)w«eaddruudinthe
IPE. A list of important human actions (as determined with & Fussell-Vesely analysis) was provided, as
was a list of several recommended improvements to plant procedures.

mwumumwmwmuﬂuymmmﬂmmwwc.

mwmsmmswmmmmAmwmfymwommicmu
88-20. ’

The licensee intends to maintain a living PRA.

E.3 IPE Analysis

E.3.1 Froot-End Analysis

The methodology chosen for the front-end analysis was a Level 1 PRA; the small event tree-large fault

tree with fault tree linking approach was used. The computer code used for modeling and quantification
was CAFTA.

The IPE guantified the following initiating event categories: 3 LOCAs, 16 transients, one SGTR, one
ISLOCA and 1 flooding initiator. The IPE developed 7 event trees to model the plant response to these
initiating events. The flooding analysis utilized the existing transient event tree.

Success criteria were based on other PRAs, licensing basis analyses and more realistic calculations.

Containment heat removal is needed in recirculation to assure NPSH of core injection pumps. LPSI
pumps cannot operate in recirculation together with containment spray pumps due to NPSH concerns.

The RCP seal LOCA model assumes LOCA occurs only if the operators fail to trip the RCPs within 30
minutes of a loss of CCW.

The data collection process period was 1985 to 1989, with the EDG data period extended to 1991.  Piant
Mmhﬂmdnmodywmm;dloﬁumnmwnnaicm. Plant
specific data were used exclusively for unavailabilities due to test and maintenance activities.

Waterford 3 data are generally consistent with the NUREG/CR-4550 dats. The TDEFW run failure data
is substantially lower, and MDEFW CCF factors are somewhat lower. The LOOP and small LOCA
initiating event frequencies appear low. The power recovery curve is substantially lower (up to an order
of magnitude) than that used in NSAC-147.

The beta factor approach was used for common cause failures, using established procedures. For some
components, MGL approach was used.
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The internal core damage frequency is 1.7E-S/yr. Of this, flooding contributes 1.1E-6/yr. The internal
accident types and initiating events that contribute most 1o the CDF and their percent contributions are
listed below in Tables E-1 and E-2:

Table E-1 Accident Types and Their Contribution to the CDF

Initiating Event Group Contribution to CDF (/yr)

Transients 8.69E-6

LOCAs 6.62E-6

Internal Fiooding (not included in (1.12-6)
TOTAL)

Steam Generator Tube Rupture 8.26E-7

Interfacing Systems LOCA 4 B6E-7
ATWS 1.30E-7
TOTAL INTERNAL CDF 1.68E-5

Table E-2. Dominani Initiating Events and Their Tontribution to the CDF

Initiating Event Contribution to CDF (/yr)
Loss of Offsite Power 7.58E6
Small LOCA 5.30E-6
Medium LOCA 1.14E-6
Steam Generator Tube Rupture 8.26E-7

Feedline Break Upstream of Feedwater SIRE-7
Isolation Valves

ISLOCA (V evem) 4 B6E-7
Loss of Feedwater 3.91E-7

Large LOCA 1.82E-7
ATWS 1.30E-7

E.3.2 Human Reliability Analysis

The HRA process for the Waterford 3 [IPE addressed both pre-initiator actions (performed during
maintenance, test, surveillance, etc.) and post-initiator actions (performed as part of the response to an



accident). The analysis of pre-initiator actions included both miscalibrations and restoration faults. A
screening analysis was performed and pre-initiator buman actions surviving screening were quantified in
more detail using the “SAIC method™ described in the book Human Reliability Analysis by Dougherty
and Fragola. Post-initiator human actions modeled essentially included both response-type (rule-based)
and recovery-type actions, but the terminology and categorization was somewhat different. For the post-
initiator screening analysis, the modeled sequences were first quantified considering only four top logic
post-initiator operator actions. After initial quantification, surviving cutsets were examined and
appropriate post-initiator operator actions were added. These actions, including in- and ex-control room
actions were quantified using a time reliability correlation approach developed by SAIC and documented
inthebookbyDougheﬂymdFmohmdinnAwicanNudeoci«yeonfuencepwby
Dougherty (1989). I the response to the RAI, the basic form of the TRC is provided along with
dhaubmmﬂincﬁerdwmiqmmfmbo&mh—eowolmmmodd and an ex-control
model (i.e., for actions 1o be performed outside the control room). Brief discussions of the input
parameters were also provided in the submittal. The critical elements for the in-control room model
hdwe:mmomdmmnmimmdmwiumpomdmefottbeevemexmined,
along with adjustments for type of behavior (verification, rule-based, and response type, see section
2.3.2.1 for descriptions), degree of “crew burden”, success likelihood (an index that can be used to
reflect the impact of PSFs), and model uncertainty. For the ex-control room model, similar parameters
are modeled, along with adjustments to response time for potential “delaying hazards™ outside the control
room. The model uncertainty factor can also be adjusted for uncertainty due to other influences or
hazards. Hazard factors which can influence response time include lighting, instrument separation, need
for tools, need for protective clothing, and other miscellaneous hazards.

One potential limitation of the post-initiator analysis concerns the extent to which plant-specific factors
were considered. While the mode! itzelf provides reasonable mechanisms for addressing relevant plant
-specific factors, on the basis of examples provided, it would appear that many of the parameters were
left at their default values and that potential PSFs were not carcfully considered. The resulting analysis
therefore appears (0 be “generic” rather than plant-specific and may or may not adeguately represent the
plant. At 2 minimum, judgments were made regarding the extent (o which operators are burdened in
particular scenarios and the type of task involved.

Consideration of dependencies between separate tasks was essentially treated by assuming they are
independent. The licensee argues that "between separate tasks independence is provided because many
of the tasks are performed by different people, and there is separation in time or "cognitive space”, i.e.,
cues are independent enough to force subsequent diagnosis.” The licensee further states "that context
effects were handled by lumping the different sequences into one event.” “This is done by using a sum
average time for the available time parameter for events that are sequence dependent.” These statements
apparently reflect a “bounding” approach that could lead to pessimistic or optimistic HEPs, depending
ob the circumstances. A list of important human actions was provided and it was noted that several
improvements to plant procedures were recommended. A list of the improvements are provided in section
2.6 of this report.



E.3.3 Back-End Analysis
The Approach Used for Bock-End Analysis

Plant Damage States (PDSs) are used as the initial conditions for the Level 2 analysis. The PDSs are
defined in the IPE by an event tree structure with the parameters that are important to Level 2 accident
progression as the top events. Quantification of accideat progression involves the development of a small
containment event tree (CET) with the top events of the CET determined by logic trees (i.e., fault trees).

The CET and its supporting logic trees developed in the IPE address all the containment failure modes
discussed in NUKEG-1335.

Quantification of the CET and its supporting logic trees is based on the review of industry literature,
primarily the NUREG-1150 document, and plant-specific analyses using the MAAP code. In general, the
quantification process for the CET and the associated logic trees is systematic and traceable. The results
of the CET analyses lead to an extensive number of CET end states, which are binned into 12
containment release categories {CRCs). Release fractions for the CRCs are calculated in the Waterford

3 IPE by & method similar ‘o that develcped in the NUREG-1150 analyses (i.e., the parametric XSOR
code).

For the Waterford 3 IPE, the PDS definition scheme is reasonable. The CET is well structured and easy
o understand. The CET quantification is also systematic and traceable. The IPE process is in general
logical and consistent with GL 88-20.

Back-End Analysis Results -

Except for SBO and bypass PDSs, the PDSs defined in the IPE are based on RCS pressure, which
depends on the type of accident sequences (or initiators), the time of core melt, which depends on
whether core cooling is lost during the injection or the recirculation phase, and the availability of
containment systems. The most probable PDS obtained in the Waterford 3 IPE is a PDS with medium
RCS pressure (made up primarily by small LOCA sequences), early core melt, and failure of containment
heat removal 21% CDF). This is followed by a SBO PDS with early core melt (21%), a SBO with late

core meit (17%), and a transient PDS with early core melt, but with containment heat rem~val available
(15% CDF).

Table E-3 shows the probabilities of containment failure modes for Waterford 3 as percentages of the total
CDF. Results from the NUREG-1150 analyses for Surry and Zion are also presented for comparison.

Two sets of data are presented in Table E-3 for Waterford 3. The data presented in the original IPE
submittal are based on an overly conservative containment fragility curve. This leads to a very high
conditional probability of early containment failure. A revised containment fragility curve, which is more
consistent with that used in other IPEs, leads to significantly lower early containment failure probability.



Table E-3 Containment Failure as & Percentage of Total CDF

Containment Waterford 3 Waterford 3 Surry Zion
Failure Mode IPE+ IPE Update+ + | NUREG-1150 NUREG-1150
Early Failure 26 4 0.7 1.4
Late Failure 20 25 59 240
Bypass 8 8 12.2 0.7
l”lmn F.ilufe L2 2 L A * L2
Intact 46 63 81.2 : 73.0
(l/ry) i.7E-S 1.7E-5 4.0E-5 34E4

+ mdnnwunhdqumfad!mhnmeﬁetl-loﬂhlPEubmiw.

++ mwu&m-.u-mmm.mummﬁmqum
(reported in the response to a follow-up RAI).

. Included in Early Failure, approximately 0.02 %

. Included in Early Failure, approximately 0.5%

e Included in Early Failure, approximateiy 0.1 %

Of the 8% conditional probability of containment bypass failure presented in the above table, 5% comes
from SGTR sequences and 3% comes from ISLOCA sequences. The contribution from ISGTR is
negligible. The effect of restarting the RCPs on ISGTR, which is considered in some other IPEs as a
mechanism that may increase the potential of induced SGTR, is not considered important in the Waterford
3 IPE. ‘

The conditional probability of early containment failure presented in the original IPE submittal is about
26% of total CDF. The major threat to early containment failure is a combination of the loss of
containment heat removal with the RCS is at high pressure. For this case, the containment is at elevated
pressure due to steam generation such that a high pressure melt ejection (HPME) can challenge
containment integrity. This occurs during SBO sequences, or in small LOCA sequences with the loss of
both safety injection and containment heat removal (CHR). Of the 26% early failure probability, over
13% is from SBO sequences and over 11% is from small LOCA sequences. On a conditional basis,
about 35% of SBO sequences result in early failure and 30% of small LOCA sequences result in early
failure. According to the licensee’s response to RAI follow-up questions, although the probability of
early containmes™ failure is significantly reduced by the use of a revised containment fragility curve (from
26% to 4%), the dominant sequences that lead to early containment failure remain the same as that
described in the IPE submittal.

The conditional probability of late containment failure presented in the IPE sv>mittal is 20%. The major
contributor to late containment failure is steam overpressurization whe”. CHR is lost. SBO does not
contribute as much to late containment failures because of th Lign likelihood of AC power recovery
(before containment failure). Of the 20% late failure probability about 15% is from small LOCA, 4%
from SBO, and 1.3% from other transients. On a conditional basis, about 39% of small LOCA
sequences, 12% of large LOCA sequences, 10% of SBO sequences, and 9% of other transients result in
late failure. According to the I’ ensee’s response to the RAI, the conditional probability of late
containment failure increased fror. 20% to 25% when the revised contsinment fragility is used. Since
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detailed data are not provided in the RAI responses, contributions from the various accident sequences
to late containment failure cannot be obtained. It seems that the increase in late containment failure
probability is primarily due to the decrease of early containment failure probability, and the dominant
sequences that lead to late containment failure remain the same as that described in the IPE submittal.

Source terms for the containment release categories (i.e., the CET end states) are determined by a method
similar to that used in NUREG-1150 studies. Source terms are presented in the IPE submitta in terms
of release fractions for noble gases, lodine, Cesium, Tellurium, and Strontium. Except for the SGTR
release category, the reiease fractions obtained in the Waterford 3 IPE for the various release categories
seem to be consistent with those obtained in other IPEs. For the SGTR release category, the release
fractions obtained in the IPE are based on the availability of water scrubbing. $ince water scrubbing may
not be available for all SGTR sequences and the release fractions for the SGTR sequences without water
scrubbing may be much greater than those with water scrubbing, the release fractions reported in the
submittal for SGTR sequences may not be adequate for some SGTR sequences. Although the omission
of the source term for SGTR sequences without water scrubbing is not a significant problem in the
present IPE because of their small frequency in comparison with those of other sequences that have large
releases (e.g., ISLOCA), it is a deficiency nonetheless. It would be desirable to divide the SGTR CRC
to two CRCs with and without water scrubbing and to obtain the source terms for both of them. This
would assure that significant information is not lost in the IPE process in the future IPE update.

Two types of sensitivity studies are performed in the IPE to determine key assumptions on the final
results. The first type of sensitivity studies are probabilistic in nature and address uncertainties in the
quantification of the various containment failure modes modeled in the CET. The second type of
sensitivity studies involve deterministic analyses using the MAAP code, performed in the IPE to ensure
that a broad spectrum of possible outcome are covered in the IPE. The ‘issues investigated in the
sensitivity studies of the first type include ex-vessel cooling, RCS depressurization due to hot leg creep
rupture, ultimate containment pressure, reactor cavity wall structure failure, frequency of two important
PDSs, hydrogen combustion, DCH, and debris bed coolability. The parameters investigated in the
sensitivity studies of the serond type include in-vessel hydrogen production, DCH, debris coolability, and
vessel penetration radius. The sensitivity studies provided in the Waterford 3 IPE seems to have addressed
the issues of significant uncertainties in the IPE analysis.

E.4 Generic Issues and Coutainment Performance Improvements

The IPE addresses decay heat removal (DHR). CDF contributions were estimated for the following DHR
methods: secondary cooling (main feedwater, auxiliary feedwater, emergency feedwater, condensate,
turbine bypass and atmospheric dump valves) and primary inventory control (HPSI and charging
systems). Failures of the EFW and HPSI were found to make a major contribution to the total CDF.
The EFW failures in the most important sequences are dominated by TDEFW pump failure to start,
MDEFW pump common cause failures, operator failure to provide EFW suction when CSP is exhausted.
The HPSI failures are caused by common cause of A and B pumps, operator or mechanical failures with
pump AB, failure in the CCW system to provide HPSI pump cooling and HVAC failures.

The DHR function contributes less than the 3.0E-5/yr criterion for the “"acceptably low" DHR
contribution in NUREG-1289. Therefore, this issue is considered closed.

No other generic issues are discussed in the submittal.
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The CPl recommendation for PWRs with a dry containment is the evaluation of containment and
equipment vulnerabilities to localized hydrogen combustion and the need for improvements. Although
the effects of hydrogen combustion on containment integrity and equipment are discussed ir. the submirtal,
the CPI issue is not specifically addressed in the submittal. More detailed information on this issue is
provided in the licensee’s response to the RAl. According to the response, although no romiiv ent
walkdowns were conducted specifically for Level 2, the Waterford 3 PSA staff has made ma v i ¢ 10
the containment and has a good understanding of the geometry of the containment.

According to the response, the Waterford 3 containment is a very open design that is not
compartmentalized, and with the possible exception of the reactor cavity, all parts of the containment
atmosphere are expected to be well mixed during an accident scenario. The reactor cavity is the only
relatively enclosed volume in the containment. Since the reactor cavity volume is surrounded by thick
reinforced concrete walls sized to withstand a large break LOCA blowdown and since no equipment is
located in this area, hydrogen combustion in the cavity is not expected to affect any safety significant
equipment. Additionally, according to the response, hydrogen detonation is not believed to be likely in
the Waterford 3 containment. As can be seen in the above description, the discussions provided by the
licensee on this issue is qualitative in nature, no quantitative information is provided in the discussion.

E.5 Vulnerabilities and Plaut Improvements

The licensee defined a vulnerability as either an extremely high sequence CDF (substantially greater than
1.E-4/yr), a greater than S0% contribution to CDF from a single sequence or an event that contributes
in an unusual or substantial way to the risk profile. No vulnerabilities were found.

No credit for plant improvements was given in the [PE. The following proppsed improvements will be
resolved as part of the severe accident guidance framework, to be completed by summer of 1997
(guidance for using LPSI for CSS recirculation has already been implemented:

Hardware:

1) Install a portable generator to charge the AB battery. This will reduce SBO contribution
from depletion of this battery which is used to control the TDEFW pump.

2) Provide feedwater from the fire piotection system to the steam generator. The fire
protection system bas its own diesel driven pumps. During SBO or total loss of
feedwater, this system could be used provided the SG were depressurized to below 200
psia, the shutoff head of these pumps.

Operatinr * ocadures:
1) Vrovide additional chiller/HVAC failure guidance. Room cooling is important as a
a ntributor to the CDF and because it cools HPSI and EFW (MD) pumps. The failures

are typically slow acting so the operators have time to respond. Therefore additional
g tidance may insure a timely response.
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2) Cross-tie of AC power trains. Proceduralize the cross-tie between the A and B trains
(hardware already exists). Drills have demonstrated the pertinence of this type of
recovery. A procedure will make it easier to accomplish it in a shorter time.

3) Eanhance refill of the CSP. CSP drawdown is an important contributor. Emphasizing the
need 1o monitor level and makeup from the wet cooling tower basins or the CST will
help prevent this from being a contributor.

4. Add guidance for aligning LPSI pump for containment spray. Containment cooling is
needed in the recirculation phase to insure NPSH of recirculation pumps. Hardware
connections exist for LPSI to take over the recirculation spray function in case of CSS
pump failure, however, curreatly, LPSI pumps are disabled from revirculation. This is
because they would cavitate if operated together with the CSS pumps to take suction from
the containment sump. Since in this case CSS pumps are not available, LPSI pumps can
take over to provide CHR. This procedure guidance has already been implemented.

No CDF change from these improvements has been estimated.
E.6 Observations

Based on the Level | review of the Waterford 3 IPE the licensee appears to have analyzed the design and
operations of Waterford 3 to discover instances of particular vulnerability to core damage. It also appears
that the licensee has: developed an overall appreciation of severe accident behavior; gained an
understanding of the most likely severe accidents at Waterford 3; and implemented changes to the plant
to help prevent and mitigate severe accidents. It is not clear that quantitative understanding was gained
by the licensee due to a number of data problems (see below).

Strengths of the Level 1 IPE are as follows: Thorough analysis of initiating events and their impact,
descriptiors of the plant responses, modeling of accident scenarios, generally reasonable failure data and
common cause factors employed and usage of plant specific data where possible to support the
quantification of initiating events, diesel generator failures and component maintenance unavailabilities.
The flooding analysis seems to have been reasonabie and thorough. The effort seems to have been evenly
distributed across the various areas of the analysis. The documentation was usually good, and reasonable
effort was made to provide RAI responses. Some pessimistic assumptions were employed to offset some
of the optimistic aspects of the analysis.

The weaknesses of the [PE were the following:
. using seemingly low values for some important initiator frequencies (LOOP and small LOCA)
. offsite power recovery curve is very optimistic

. omission of some component classes from common cause analysis (air compressors, relays,
switches, check valves, fans, eic.)

. omission of the third HPS! pump, the third CCW pump and the third chiller from the common
cause analysis on the basis of different operating regimes from the other two trains in the system.
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. HVAC modeling of the shutdown heat exchanger room seems to be optimistic
. shedding of DC loads in station blackout is not modeled

. TDEFW pump run failure rate is low (2 orders of magnitude) compared to the NUREG-1150
recommended value (but is in line with some other IPEs and apparently some generic data
sources).

There were some aspects of the analyses which may have offset some of the weaknesses: EDG run
failures occur at the beginning of the SBO, no credit for TDEFW pump operation with water at inlet,
large maintenance unavailability of the dry cooling tower, no credit for recent battery upgrades such that
load shedding may not be required.

The IPE determined that failures in the AC power, EFW, ACCW, HPSI, CCW and HVAC dominate the
risk profile. Loss of offsite power and small LOCA account for about 80% of the total CDF. SBO
accounts for about 38% of the CDF. The CDF is dominated by 5 accident sequences (not accounting
the ISLOCA which contributes about 3%).

The HRA review of the Waterford 3 IPE submittal and a review of the licensees responses to HRA
related questions asked in the NRC RAI, revealed several weaknesses in the HRA as documented. In
general, a viable approach (the Dougherty and Fragula method) was used in performing the HRA, but
several weaknesses in how the analysis was conducted (or at least in the licensees documentation of the
conduct of the analysis) were identified. While the weaknesses are not severe enough to conclude that
the licensees submittal failed to meet the intent of Generic Lerrer 88-20 in regards to the HRA, they do
suggest the licensee may not have learned as much about the role of humans during accidents as would
have been possible. Important slements pertinent to this determination include the following:

1) The submittal indicates that utility personnel were significantly involved in the HRA. Regarding
the IPE HRA representing the as-built, as-operated plant, the submittal states that “the HRA task
served as an integral advisor to other project tasks to assure that reievant human interactions were
identified and properly incorporated into the logic models.” The HRA task was involved during
initial sequence and modeling efforts and “during this period had the opportunity to review plant
mdqmdsignhfom&ionmdbewmehmﬂiuwhhlbemmolmmndrdmdope&ing
procedures.” While simulator exercises were not conducted, the statements discussed above
suggest that the HRA analyst was significantly involved throughout the modeling effort. Thus,
it appears that »teps were taken to assure that the HRA represented the as-built, as-operated plant.
However, documentation of HRA related walkdowns and observations of simulator exercises
would bave strengthened the notion that a viable process was used.

2) The submittal indicted that the analysis of pre-initiator actions included both miscalibrations and
restoration faults. An scceptable, but potentially optimistic analysis was conducted. Eveats found
to be potentially risk significant were analyzed in detail using an “SAIC™ method that is “a
variant on THERP and is similar to the ASEP HRA procedure.

3) The major limitation of the post-initiator analysis concerns the extent to which plant-specific
factors were considered. While the model itself provides reasonable mechanisms for addressing
relevant plant - specific factors, on the basis of examples provided, it would appear that many
of the parameters were left at their default values and that poteatial PSFs were not carefully
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4)

5)

6)

considered. The resulting analysis therefore appears to be “generic” rather than plant-specific
and may or may not adequately represent the plant.

Consideration of dependencies between separate tasks was essentially treated by assuming they
are independent. The licensee argues that "between separate tasks independence is provided
because many of the tasks are performed by different people, and there is separation in time or
"cognitive space”, i.e., cues are independent enough to force subsequent diagnosis.” The licensee
further states “that context effects were handied by lumping the different sequences into 0. ¢
event.” “This is done by using a sum average time for the availabie time parameter for events
that are sequence dependent.” These statements apparently reflect a “bounding™ approach that
could lead to pessimistic or optimistic HEPs, dependirg on the circumstances.

A list of important human actions based on their contribution to core damage frequency was
provided in the submittal.

The HRA portion of the flooding analysis appeared reasonable and thorough.

The following are the major findings of the back-end analysis described in the submittal:

The back-end portion of the IPE supplies a substantial amount of information with regards to the
subject areas identified in Generic Letter 88-20.

The Waterford 3 Steam Electric Station IPE provides an evaluation of all phenomena of
importance to severe accident progression in accordance *vith Appendix I of the Generic Letter.

The IPE has identified a plant-specific reactor cavity configuration feature that may affect
accident progression. Based on the IPE, it is recommended that the communication between sump
and cavity be enhanced. This may be achieved by removing the door in the cavity cooling
ductwork to increase the flow of the water in the containment sump to the reactor cavity.

The containment analyses indicate that there is a 46% conditional probability of containment
failure. The conditional probability of containment failure is about 8% for containment bypass,
26% for early containment failure, and 20% for late containment failure.

The high early containment failure probability obtained in the IPE submittal (26%) is primarily
due to the use of a conservative containment failure probability curve (or contzinment fragility
curve). The early failure prot ' ity is reduced to 4% if a containment failure probability curve
consistent with that used in ¢ IPEs is used.

The CPI issue is not addressed specifically in the IPE submittal. It is discussed in the licensee's
response to one RAI questions. However, the response is qualitative in nature.
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1 INTRODUCTION

1.1 Review Process

This technical evaluation report (TER) documents the results of the BNL review of the Waterford 3 Steam
Electric Station Individual Plant Examination (TPE) submittal [IPE submittal, RAI Responses]. This
technical evaluation report adopts the NRC review objectives, which include the following:

. To assess if the IPE submittal meets the intent of Generic Letter 88-20, and

. To determine if the IPE submittal provides the level of detail réquested in the “Submittal
Guidance Document,” NUREG-1335.

A Request of Additional Information (RAI), which resulted from a preliminary review of the IPE
submittal, was prepared by BNL and discussed with the NRC. Based on this discussion, the NRC staff
submitted an RAI to Entergy Operations, Inc. on January 22, 1996. Entergy Operations, Inc. responded
10 the RAI in a document dated April 30, 1996, and to follow-up questions in a document dated August
29, 1996 (RAI Responses). This TER is based on the original submittal and the responses to the RAls.

1.2 Plant Characterization

The Waterford 3 Steam Electric Station is a 1153 MWe, 3410 MWth Combustion Engineering
pressurized water reactor (PWR). The reactor coolant system (RCS) consists of the reactor vessel, two
U-tube steam generators, 4 shaft-sealed reactor coolant pumps, an electrically heated pressurizer and
interconnected piping. The plant is operated by Entergy Operations, It ., and started commercial
operation in the Fall of 1985. There are no other operating units on site,

Design features at Waterford 3 that impact the core damage frequency (CDF) are as follows:

. There is no feed and bleed capability at this plant. No pressurizer PORV exists and the
HPSl/charging pumps do not have the requisite head to lift the safety valves.

. The turbine driven main feedwater pumps will continue to run for most transients, as the pump
flow output is automatically matched to the decay heat level.

. There are two motor driven (capacity 350 gpm each) and one turbine driven (capacity 700 gpm)
EFW pump. The EFW system is automatically started and controlled. In addition, 2 manually
started AFW pump is also available, should the other three pumps fail (the AFW pump is
normally used during startup/shutdown operations). According to the submittal and the RAI
responses, the turbine driven EFW pump can be expected to continue to operate with low quality
steam or even water at the turbine inlet. However, this is not credited in the analysis, and the
TDEFW pump is assumed failed at the time of battery depleticn.

. The normal EFW suction source is the inventory in the condensate storage pool (CSP), good for
about 10 hours. A backup supply are the two wet cooling tower basins, eack holding about the
same amount of water as the CSP. A third option is the non-seismically qualified condensate
storage tank (CST) and its transfer pump.



The EFW control valves fail open on loss of instrument air, and there is also a backup nitrogen
accumulator supply in case of loss of instrument air. The turbine driven EFW pump does not
require room ccoling (according to calculations, RAI responses), whereas the motor driven EFW

pumps do.

mDCbm:ry(buuryAB)supplyin;cowdwm’lDEFWpumphnaSBOdepluiontime
of 4 hours ‘with proceduralized load shedding (! bour without load shedding), according to the
submittal. Since the IPE, the safety related batteries have been replaced with higher capacity
batteries (to allow for aging), and a new non-safety battery has been installed to take up the non-
safety loads serviced by the AB battery. These modifications have extended the AB battery
depletion time to 6 hours. ‘

Condensate pumps may be used to provide feedwater to the steam generators, provided the

secondary system has been depressurized w 500 psia. There are three parallel condensate pumps.
The condenser hotwells have enough inventory to supply the condensate pumps for 24 hours.

There are multiple pathways for secondary steam relief: 6 turbine bypass valves, 2 atmospheric
dump valves and 6 safety relief valves.

The RCP seals are the Byron Jackson type, which according to the submittal can sustain loss of
CCW for 30 minutes (verified by tests), without tripping the RCPs; the operators are instructed
to trip the RCPs immediately upon loss of CCW. CCW cooling is the only type of cooling for
these seals (no seal injection provided). Because of the 4 stage seal design, and the new resistant
material for seal faces, no spurious seal failures (i.e., initiating event seal LOCA) are assumed
possible with these seals (consequential failures are allowed).

There are thfee trains of HPSI, CCW, AC safety buses and DC safety buses. The AB buses and
AB trains are functionally related, e.g., the AB train of CCW cools the AB train of HPSI, and
both are supplied AC power from the AB safety bus. The third HPSI pump must be manually
started on SI.

There are also three trains of HVAC chillers. The charging pumps also have three trains (these
are considared in the PRA analysis to feed the auxiliary pressurizer spray, for emergency
boration in ATWS and for RCS inventory control in an SGTR). The other safety equipment has
two trains. The two trains of the instrument air compressors are backed up by the three trains
of the station air compressors (see below).

There are two EDGs. The EDGs need cooling by CCW, veatilation b, cdicated fans and DC
power provided by the station batteries. A diesel compressor has bee: .o« to th - plant post-
IPE, to help in case of problems with startup compressed air.

There are three plant batteries, A, B, aasd AB. The AB battery is used for TDEFW pump control
in SBO conditions. As stated above, the capacity of this battery has been increased and 2 non-
safety battery added to pick up non-safety AB loads, such that SBO depletion time of this battery
is now 6 hours. The A and B batteries have also been similarly affected, such that their SBO
depletion time is now 4 hours even without load shedding. Each battery is supported by two
chargers.



. There is no service water system at this plant. Instead, the ultimate heat sink is provided by the
dry cooling towers. As there are multiple fans in the towers, they can be maintained piecemeal,
such that maintenance would not disable the whole tower (although in the IPE it is conservatively
assumed that it does). Also, in case of increased demand (depending on air temperature) and
during normal operation there 2re additional wet cooling towers which are used to increase the
heat rejection capacity. The IPE assumes that the wet cooling towers are needed in case of a
LOCA, when several types of safety equipment may be operating simultaneously. The system
which cools the CCW system and rejects the heat to the wet cooling towers is known 2s the
auxiliary component cooling system (ACCW), and is only needed in case of LOCAs, as far as
the IPE is concerned. This system has two pump trains and two wet cooling towers.

. The CCW is needed to cool the HPSI pumps, the LPSI pumps, containment spray pumps,
shutdown heat exchangers (also used for containment spray recirculation cooling), containment

fans, the emergency diesel generators and the central chillers used to provide HVAC cooling for
several plant areas.

. The instrument air system is necessary for operation of the MFW system and the normal
pressurizer spray (but not the auxiliary spray, svpolied by the charging pump). All the other
important systems (EFW, CCW, ACCV/, containment sump recirculation valves) are provided
with a backup air or nitrogen accumulator system. There are two instrument air compressors,
of which one is sufficient to supply the requisite loads in an intermittent type of operation. In
case of failure of both compressors, a cross tie to the station air system automatically opens; the
station air has three compressors. Therefore the compressed air system seems to be relatively
reliable and the systems affected are relatively few.

. Room cooling or ventilation is needed for several important systems: HPSI (not needed during
the RWSP injection phase due to the low temperature of the water pumped), LPSI (not needed
during the injection phase), containment sprays (not needed in the injection phase), MDEFW
pumps, normal pressurizer sprays, emergency diesel generators and the CCW pumps.

. The switchover to recirculation is automatic. However, the operator must manually close the
RWSP (refueling water storage pool) suction valves at that time.

. The recirculation spray (using the CSS pumps aligned to the containment sump and the shutdown
beat exchangers) is necessary to provide cooling of the containment sump water.

. LPSI is automatically stopped on switchover to recirculation and HPS! is automatically aligned
to the sump (along with the CSS) even if LPSI operated in the injection mode, and even though
a LPSI path for recirculation (through the shutdown heat exchangers) exists. The reason is that
the LPSI pumps may cavitate when simultaneously taking suction from the containment sump
with the containment spray pumps. Since the IPE, a bardware modification has been
implemented such that the LPSI pumps can be used to provide the recirculation spray in case of
failure of the spray pumps.

The Waterford 3 Steam Electric Station utilizes a large dry containment consisting of a freestanding steel
vessel surrounded by a reinforced concrete shield building. Some of the plant characteristics important
to the back-end analysis are summarized in Table 1 of this report.




Table 1 Plant and Containment Characteristics for Waterford 3 Steam Electric Station
Characteristic
Thermal Power, MW(t)
RCS Water Volume, ft*
Containment Free volume, ft’
Mass of Fuel, Ibm
Mass of Zircalloy, Ibm

Containment Design Pressure, psig

Median Containment Failure Pressure, psig
RCS Water Volume/Power, ft’/MW(t)
Containmei# Volume/Power, f'/MW(t)

Zr Mass/Containment Volume, Ibm/ ft’
Fuel Mass/Containment Volume, Ibm/ ft°

Both the thermal power level and the containment free volume of Waterford 3 are similar to those of
Zion. With the exception of the mass of Zircalloy in the reactor system (and thus its ratio to containment
volume), the values of other paranieters are also similar to those of Zion. It is noted that the parameters
presented in the above table provide only rough indications of the containment’s capability to meet severe
accident challenges and that both the containment strength and the challenges associated with the severe
accident involve significant uncertainties.

The plant characteristics important to the back-end analysis are:

. A cavity design which facilitates flooding of the reactor cavity. According to the IPE, water can
readily flow from the containment sump to the reactor cavity. Flooding of the cavity is
accomplished through a small tunnel that connects to the ductwork that provides reactor cavity
cooling. Flooding of the reactor cavity and the low placement of the reactor vessel in the reactor
cavity ensures that ex-vessel cooling can occur.

. A steel shell containment that is vulnerable to direct attack by dispersed core debris. However,
based on the consideration of potential debris dispersing paths and MAAP calculations, the
Waterford IPE discounts the possibility of direct corium attack on the steel containment wall.

. A reactor vessel with no lower head penerrations. This delays the time of vessel failure, but may
cause a more energetic failure with larger hole size.

. The larger amount of Zircalloy in the core assemblies. The amount of Zircalloy in the core
assemblies of Waterford 3 is about 40% more than that of Zion. The amount of hydrogen
produced during a severe accident is thus more for Waterford 3 than for Zion.

. A small reactor cavity with very little area for ejected core material to disperse to the upper
containment region. The cavity is open to the upper compartment through a very small annulus
between the vessel and cavity wall.



The large containment volume, high containment pressure capability, and the open nature of
compartments which facilitates good atmospheric mixing.



2 TECHNICAL REVIEW
2.1 Licensee’s IPE Process
2.1.1 Completeness and Methodology

The licensee has provided the type of information requested by Generic Letter 88-20 and NUREG 1335.

The front-end portion of the IPE is a Level 1 PRA. The specific technique used for the Level 1 PRA
was a small event tree/large fault tree, with fault tree linking and it is clearly described in the submittal.

Internal initiating event and internal flooding were considered. Event trees were developed for all classes
of initiating events. Several sensitivity analyses were performed (all basi- events with Fussell-Vesely
importance of at least 1% had their failure rate/probability increased by an order of magnitude).
Importance (F-V) of basic events was calculated. System importance analysis was also performed.

The submittal information on the HRA process was generally inadequate in scope. Additional
information/clarification was obtained from the licensee through an NRC request for additional
information. The HRA process for the Waterford 3 IPE addressed both pre-initiator actions (performed
during maintenance, test, surveillance, etc.) and post-initiator actions (performed as part of the response
to an accident). The analysis of pre-initiator actions included both miscalibrations and restoration faults.
A screening analysis was performed and pre-initiator human actions surviving screening were quantified
in more detail using the “SAIC method” described in the book Human Reliability Analysis by Dougherty
and Fragola. The post-initiator human actions modeled essentially included-both response-type (rule-
based) and recovery-type actions, but the terminology and categorization was somewhat different. For
the post-initiator screening analysis, the modeled sequences were first quantified considering only four
top logic post-initiator operator actior:s. After initial quantification, surviving cutsets were examined and
appropriate post-initiator operator actions were added. These actions, including in- and ex-control room
actions were quantified using time reliability correlation approach developed by SAIC and documented
in the book by Dougherty and Fragola and in an American Nuclear Society conference paper by
Dougherty (1989). In the response to the RAI, the basic form of the TRC is provided along with
discussions regarding the relevant inpat parameters for both an in-control room model and an ex-control
model (i.e., for actions to be performed outside the control room). Brief discussions of the input
parameters were also provided in the submittal. The critical elements for the in-control room model
include: the available response time and an estimate of the mediar response time for the event examined,
along with adjustments for type of behavior (verification, rule-based, and response type, see section
2.3.2.1 for descriptions), degree of “crew burden”, success likelihood (an index that can be used to
reflect the impact of PSFs), and model uncertainty. For the ex-control room model, similar parameters
are modeled, along with adjustments to response time for potential “delaying hazards™ outside the control
room. The model uncertainty factor can also be adjusted for uncertainty due to other influences or
hazards. Hazard factors which can influence response time include lighting, instrument separation, need
for tools, need for protective clothing, and other miscellaneous hazards.

One potential limitation of the post-initiator analysis concerns the extent to which piant-specific factors
were considered. While the model itself provides reasonable mechanisms for addressing relevant plant
-specific factors, on the basis of examples provided, it would appear that many of the parameters were
left at their default values and that potential PSFs were not carefully considered. The resulting analysis
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therefore appears to be “generic” rather than plant-specific and may or may not adequately represent the
plant.. At a minimum, analysts hac to make judgments were made regarding the extent to which operators
are burdened in a particular scenarios and the type of task involved.

Consideration of dependencies between separate tasks was essentially treated by assuming that they are
independent. The licensee argues that “between separate tasks independence is provided because many
of the tasks are performed by different people, and there is separation in time or "cognitive space”, i.e.,
cues are independent enough to force subsequent diagnosis.” The licensee further states “that context
effects were handled by lumping the different sequences into one event.” "This is done by using a sum
average time for the available tin.e parameter for events that are sequence dependent.” These statements
apparently reflect a “bounding”™ approach that could iead to pessimistic or optimistic HEPs, depending
on the circumstances. A list of important human actions was provided and it was noted that several
improvements to plant procedures were recommended. A list of the improvements are provided in section
2.6 of this report.

The Waterford 3 Steam Electric Station Individual Plant Examination (IPE) back-end submittal is
essentially consistent with respect to the level of detail requested in NUREG-1335. The methodology
employed in the Waterford 3 IPE for the Level 2 evaluation is clearly described in the submittal. Plant
Damage States (PDSs), which are defined in the IPE by an event tree structure with the parameters
important to Level 2 accident progression as the top events, are used as the initial conditions for the Level
2 analysis. Quantification of the Level 2 accident progression involves the development of small top level
containment event trees (CETs). The top events of the CETs are determined by the fault trees (called
iogic trees in the IPE submittal). The CETs and the supporting logic trees addressed in detail all the
containment failure modes discussed in NUREG-1335. The results of the CET analyses are an extensive
number of CET end states which are binned into twelve containment release categories (CRCs). The CET
quantification relies on review of industry literature, primarily the NUREG-1150 document, and
plant-specific analyses using MAAP code. Release fractions for the CRCs are calculated in the Waterford
3 IPE by a method similar to that developed in the NUREG-1150 analyses (i.e., the parametric XSOR
code).

“The IPE was initiated in late 1988. The mode! refiects the plant as of July 1, 1989. Select plant changes
made after that cutoff date that could have a significant impact on the mocel have been incorporated. A
review of plant changes from the cutoff date up to July 1, 1992 was completed prior to the submittal of
the IPE report; none of these changes are expected to have a major impact on the results. Other PRA
studies were also reviewed: NUREG-1150 for Zion and Sequoyah, and the Crystal River 3 PRA of 1987.

2.1.2 Multi-Unit Effects and As-Built, As-Operated Status
There are no other operating units on site.

A wide variety of up-to-date information sources were used to develop the IPE: FSAR system
description, piping and instrumentation drawings, electrical one line drawings, system design basis
documents, licensee event reports, monthly operating reports, technical specifications, emergency
operating procedures and special studies and analyses. The analysis was applied to the plant configuration
2s it existed in mid 1989. Th~ data was collected from September 24, 1985 to March 31, 1989 (for
maiutenance data); the data window was extended to December 31, 1991 for the emergency diesel
generator failure data. Other components use generic data. Walkdowns were performed if there were



questions with a specific aspect of modeling (also there were frequent interactions with persons familiar
with various aspects of the plant). Due to the newness of the plant, it is expected that the plant

documentation, drawings, etc. accurately represent the as built as operated plant (RAI responses). In
addition, a flooding analysis walkdown was performed.

The submittal states that “the HRA task served as an integral advisor to other project tasks to assure that
relevant human interactions were identified and properly incorporated into the logic models.” The HRA
task was involved during initial sequence and modeling efforts and “during this period had the
opportunity to review plant and system design information and become familiar with the control room
and related operating procedures.” While simulator exercises were not conducted, the statements
discussed above suggest that tae HRA analyst was significantly involved throughout the modeling effort.
Thus, it appears that steps were taken to assure that the HRA represented the as-built, as-operated plant.
However, it was not clear that the HRA gave detailed consideration of plant-specific factors in
determining the HEPs. There was no mention of any walkdowns of important or time consuming operator
actions. Response times for actions outside the control room were based interviews with operators. No
buman related multiunit effects were identified.

Insofar as the back-end analyses are concerned, it appears that all the Waterford 3 containment specific
features are modeled.

It seems the licensee intends to maintain a "living PRA".
2.1.3 Licensee Participation and Peer Review

The licensee contributed “well over 50% of the total engineering effort (about nine man-years) applied
to the project”. The licensee contracted with SAIC to develop the PRA and transfer the technology to
Entergy personnel. SAIC was on board from the start of the PRA in September of 1988 until the PRA
development contract expired in December of 1990. Thereafter, Waterford 3 personnel had sole
responsibility for all aspects of the PRA. Initially, the relationship consisted mostly of learning and
iusimnce by utility engineers. Waterford 3 personnel and SAIC shared the initial development of system
fault trees, quantification and evaluation. As the project progressed, utility involvement and expertise
in all aspects of the PRA increased. Since December of 1990, all analytical work, including additional
development of plant models for both Level 1 and Level 2, data analysis, quantification, and evaluation
of results have been performed by Waterford 3 personnel with minor assistance from outside firms. The
internal flood analysis is the single exception since the bulk of the technical work there was performed
by ERIN Engineering personnel with Waterford 3 personnel input and assistance. Entergy staff
participated, particularly during the data collection and plant walkdown, and result review phases of the
project. Utility engineers were involved in assuring that all the components in affected flood areas were
accounted for and that the Level | basic events representing those components were appropriately tagged.
The Entergy staff were involved in directing the contractor on key assumptions and operator recovery
actions that could be credited. Finally, the same staff reviewed and approved the final results of the
analysis to ensure a clear understanding of the analysis details and results by the utility.

The reviews performed for the IPE included both independent in-house reviews and an external review.
There were three levels of review: normal engineering quality assurance carried out by the organization
performing the analysis, which consisted of a qualified individual with knowledge of PRA methods and
plant systems performing an independent review of all assumptions, calculations and results for each task



and system model in the Level 1 analysis (except the internal flood analysis). The second level of review
was performed by plant personnel not directly involved with the development of the PRA model and
consisted of individuals from Operations, Engineering, Training and Licensing groups who reviewed the
system models and accident sequence description. The third level of review was performed by PRA
experts from ERIN Engineering. This review was conducted in two phases. During the first phase, the
review team concentrated on the overall PRA methodology, accident sequence analysis and system fault
trees. The intent was to provide early feedback to the Waterford 3 staff concerning the adequacy and
sccuracy of the reviewed products. The second phase included Level 1 results, human failure and
recovery analysis, preliminary plant damage state cutsets and a preliminary CET (Level 2). The intent
of this phase was to identify any modeling inaccuracies, inappropriate failure data, inconsistencies
between cut sets, reasonableness of recoveries and results, and making sure the cut sets were properly
binned into the PDSs. A summary of the major areas of review comments is provided in the submittal.
In addition to the above review, a review was performed by experts from ABB Combustion Engineering
for the Level 2 analysis.

A slight concern is that the utility did not continue with the original contractor through the end of the
analysis. Even though the intent was to transfer knowledge, some continuity may be lost due to imperfect
transfer of memory of nuances of the analysis, assumptions, justification for such assumptions, etc. Also
the flooding analysis contractor was different than the original Level 1 contractor. This may be partially
offset by hiring an outside contractor to do an early review as the project was progressing.

Another area of concern is that there was apparently no outside independent review of the flooding
analysis, as ERIN Engineering both performed the flooding analysis and was involved in the Level |
review work.

The PRA team for the Waterford 3 IPE consisted of Waterford 3 Design Engineering and "Corporate”
Engineering personnel. This was supplemented by Science Application International Corporation (SAIC)
and other outside consultant firms experienced in PRA methods and applications. The Waterford 3
personnel had sole responsibility for the PRA model after December 1990, when the contract with SAIC
expired.

From the description provided in the IPE submittal it seems that the intent of Generic Letter 88-20 is
satisfied.

2.2 Front End Technical Review

2.2.1 Accident Sequence Delineation and System Analysis
2.2.1.1 Initiating Events

The identification of initiating events proceeded in a two-stage approach: 1) review of existing sources,
including other PRAs of similar plants (Calvert Cliffs, ANO-2 and Crystal River 3), EPRI documents
(EPRI NP-2230 and NSAC-152), and the NRC accident sequence precursor reports (NUREG/CR-3591
and NUREG/CK-4674), and, 2) a thorough review of each frontline and support system at Waterford 3
to identify failures that could lead to an initiating event.
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As a result, a total of 22 initiating events (including 1 flood) were identified. In addition, the reactor
vessel rupture was not mentioned in the submittal (as part of the 22 initiators), but was later discussed
in the RAI responses. The internal initiators are:

LOCAs:
Large LOCA
Medium LOCA
Small LOCA

Transients:

Reactor trip

Loss of condenser vacuum

Turbine trip

Loss of feedwater

Loss of offsite power

Steamline break

Feedline break upstream of the main feedwater isolation valve
Loss of condensate system

Loss of component cooling water system
Loss of 6.9 kV bus 3A1

Loss of 6.9 kV bus 3B1

Loss of 125 V DC bus 3A

Loss of 125 V DC bus 3B

Loss of 125 V DC bus 3AB

Loss of power distribution panel 3014-AB
Loss of instrument air

Other events:

Steam generator tube rupture
Interfacing LOCA, suction line to shutdown cooling system
Internal flood in turbine building

The initiating event list seems to be mostly complete and comparable to events considered in other PRAs.

HVAC failures do not lead to initiating events because of a low probability of failure of all three chillers,

long time scales to reach damaging temperatures and availability of DHR equipment which would not be
affected by HVAC failures (turbine driven EFW' pump, the AFW pump and the condensace pumps).

As stated above, spurious failure of RCP seals was not considered a credible initiator (this is usually
considered a very small LOCA), due to the nature of the Byron Jackson seals.

It is not clear why a loss of a 4.2 kV bus was not considered as an initiator (25 opposed to the 6.9 kV
bus). Unlike a loss of the 6.9 kV buses, a loss of a non-safety 4.2 kV bus would also cause a loss of
the associated 4.2 kV safety bus. Furthermore, a non-safety 4.2 kV bus is "required” for normal plaot
operation. The RAI responses just reiterate (without explaining) that a loss of this bus would not cause
an automatic plant trip due to unspecified “redundancies” in design of the non-safety power system. In



any case, based on the reviewer's experience with other PRAs, usually a loss of 2 4.2 kV bus is not
expected to have a major impact on the CDF.

A failure of the pressurizer pressure control system was not included as an initiator due to existence of
control room alarms and perceived low conditional core damage probability.

Reactor vessel rupture was pot included for probabilistic reasons, but in response to the RAIs it was
stated that WASH-1400 analysis would be accepted. This should result in a pessimistic evaluation of this
initiator as the Waterford 3 vessel is made with more fracture resistant materials than older vessels and
there are no in-core detector lower head penetrations.

2.2.1.2 Event Trees

The L. developed 7 event trees: the general transient event tree, the station blackout event tree, the
ATWS event tree, the small LOCA event tree, the medium LOCA event tree, the large LOCA event tree
and the SGTR event tree. No event tree was developed for the interfacing LOCA, however it was
assumed that once the isolation failure in the SDC suction occurred (initiating event), there was a 50%
chance that there would be a pipe rupture outside the containment, with core meit and containment bypass
resulting (pipe ruptures inside the containment would add insignificantly to the existing LOCA
frequencies). Existing event trees were used for the flooding analysis (a general transient event tree used
for the surviving scenario in the turbine building, which causes a loss of offsite power).

The event trees are functional. The mission time used in the core damage analysis was 24 hours, unless
shorter time was indicated (e.g., LOCA injection phase).

The event tree end gtates are divided into two possible outcomes: success or core damage.

It appears the analysts used core uncovery as the definition of core damage for most initiators, along with
the limit on clad temperature for larger LOCAs.

Success criteria are based on review of other PRAs (ANO-2, Crystal River, Zion, etc.), licensing accident
analyses presented in the FSAR and more realistic accident analyses previously performed for Waterford
3. The success criteria appear reasonable and in line with most other PWR success criteria.

Large LOCAs require injection from all three safety injection tanks attached to the intact loops, and
injection from 1/2 LPSI pumps into one intact loop, and injection from 1/3 HPSI pumps into at least 2/3
intact loops.

For the recirculation phase of all three LOCAs, containment heat removal via either recirculation sprays
or the fan coolers is required.

Small and medium LOCAs require control rod insertion for reactivity control. Both small and medium

:3(;:): require HPSI pump injection from RWSP (only large LOCA requires LPSI injection from

~ Recirculation for all LOCAs is accomplished by the use of HPSI pumps; LPSI pumps are not used (even
though the hardware setup exists) due to NPSH problems when taking suction from the containment sump
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in conjunction with operation of the containment spray pumps in recirculation mode (RAI responses).
HPSI pumps can be aligned to either hot leg or cold leg recirculation.

In case of small LOCAs, heat removal through one of the steam generators is also required, as the break
flow is insufficient to remove all decay heat. This can be accomplished by the use of one MFW pump,
or one EFW pump, or the AFW pump, or one condensate pump in conjunction with secondary system
depressurization (using 1 atmospheric dump valve or one steam bypass to the condenser valve). This
same heat removal criterion is applied to transients, LOSP and long term ATWS heat removal.

The pressure control success criterion for ATWS specifies 3700 psia as the limiting RCS pressure. This
is considered conservative as CE analyses indicate a failure pressure of 4300 psia. The CE analyses
encompassed stress evaluations of all major primary and auxiliary RCS components within the CE
purview, It was concluded that peak pressures of up to 4300 psia would not jeopardize the integrity or
the operability of equipment needed for safe shutdown. The 3700 psia success criterion is below the
pressure at which CE analyses show that the upper reactor vessel head would lift to relieve pressure.

Also, TE tests with severely wasted steam generator tubes show that consequential SGTR would not occur
at these pressures.

Early operation of the EFW system will help in limiting peak pressures, depending on the moderator
temperature coefficient and operation of the turbine trip function. A potential for common cause failure
between the RPS and the emergency feedwater actuation system (EFAS) was conservatively modeled; this
does not take into account the existence of a diverse EFAS which has no such commonality.

A turbine trip helps to minimize the RCS pressure by maximizing the available inventory in the steam
generators. It is pessimistically assumed that turbine ~'p will fail if ATWS was due to an electrical
failure. Also, no credit was taken for turbine trip as an initiating event (although it was included in the
ATWS initiating event frequency).

Long term reactivity control via emergency boration is modeled by operation of (two) charging pumps
taking suction from 2 boric acid makeup tank; no credit for RWSP suction is given.

Both pressurizer safety valves have to open in ATWS for successful pressure control.

Pressure control requirements are more stringent for transients and SGTR sequences than at other PWRs,
due to a lack of a feed and bleed capability. In transients, the operator is required to isolate the
pressurizer heaters and isolate the RCS makeup, while secondary steam relief via turbine bypass valves
or ADVs is also necessary for certain transients. In case of an SGTR the operator is required to throttle
the HPSI flow, in addition to performing the RCS depressurization. Credit is given to operation of 2/3
charging pumps for inventory control in SGTR (as an alternative to 1/2 pumps) if the RCS is
depressurized sufficiently such that the charging pumps’ lower flow rate can provide adequate makeup.
An assumption is made that the operators will not wait for the automatic reactor trip on low RCS pressure
(15 minutes). A late trip causes a reactor upper head void to grow upon depressurization, possibly
interfering with natural circulation.

It is shown that there is enough inveatory in the RWSP to last beyond the mission time even assuming
failure to isolate the faulted steam generstor. Nevertheless, failures beyond the 24 hour time frame were
included in the recovery analysis (failure to initiate the SDC, failure to refill the RWSP, etc.).

13



As stated above, the RCP seais are the Byron Jackson type. It is assumed they would fail only if the
operators fail to trip the RCPs within 30 minutes of a loss of CCW.

Success criteria for CCW assume that in case of LOCAs the wet cooling tower cooling would be needed
(via ACCW) 10 supplenient the dry cooling tower(s) due to an increased heat load. In case of other
accidents, either dry cooling tower cooling or wet cooling tower cooling can supply the required UHS
(the minimum number of fans operating in either type of the cooling tower is specified in the success
criteria for all accidents).

The station blackout tree pessimistically assumes that the diesel generator failure to run occurs at the start
of the sequence, i.e., no allowance is given to longer core uncovery times later in the accident. This is
olﬁabynon-moddingofDCloadlheddingwpmmedtebmris.ndaimodinthesubmiml. The
latter non-conservatism has boen ameliorated recently with installation of new batteries of higher capacity
and adding a non-safety battery, such that depletion times have been increased since the IPE, and load
MMWydoumebemdddbrmwmmmmdmmemdd.

The SBO tree also takes credit for the fact that failure of TDEFW pump to run (before the expiration of
me4hrbnerydq)laﬁontime)anocaumyﬁmeb¢mn0md4boun;mus.inaseoffailuretorun,
an average runaing time of 2 hours is assumed, which gives an extended time for core uncovery (1.5
bours vs. 50 minutes at the start of the accident).

2.2.1.3 Systems Analysis

A total of 15 systems/functions are described in Appendix B of the Submittal. Included are descriptions
of the foilowing systems: AC power, component cooling water, containment spray, DC power,
emergency feedwater, engineered safety features actuation, high pressure safety injection, instrument air
and station air, low pressure safety injection, power conversion and main feedwater, pressurizer pressure
control, room cooling (HVAC), safety injection tanks, containment cooling (fan coolers) and containment
isolation system. In addition, the RAI responses contained a more detailed and helpful description of the
HVAC system and its modeling.

Each system description includes a discussion of the system design and operation, details of modeling and
assumptions, system interfaces (support systems), test and maintenance requirements, success criteria and
system level initiators.

Also included for many systems are simplified schematics that show major equipment items and important
flow and configuration information.

System dependencies are summarized in a matrix form.

Section 1.2 of this TER describes the important plant features.

2.2.1.4 System Dependencies

The IPE addressed and considered the following types of dependencies: shared component,

instrumentation and control, isolation, motive power, direct equipment cooling, areas requiring HVAC,
and operator actions. There is not much discussion of environmental effects, apart from HVAC and
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flooding/spray considerations. The effect of the flood on cable terminal points, such as junction boxes,
was also considered.

In case of HVAC, RAI responses provided a detailed description of HVAC design, rooms requiring
HVAC and HVAC modeling considerations. The HVAC consists cf the three main chillers (cooled by
the CCW system) and the three chiller pumps, providing chilled water to the air handling units in
individual rooms/plant areas. Some areas just have ventilation “ans, i.e., there are no chilied air handling
units (e.g., EDG rooms).

mﬁhwmckeymmhmdmdAHUt(mmueqxﬁxufwdwmpABmmmm
AHUs; the safeguard pump AB room contains only one AHU):

1)
2)
3)
4)

control room,

control room (mechanical equipment room);
switchgear area, cable vault and battery rooms,
CCW heat exchangers (heat transfer from CCW to ACCW);
CCW pump AB;

CCW pumps;

switchgear area

safeguard pump AB (contains HPSI pump AB),
safeguard pumps A (HPSI, LPSI, CSS pump A);
safeguard pumps B,

shutdown heat exchangers;

emergency feedwater pumps;

charging pumps,

charging pump AB.

The important areas served by fans only are the HVAC equipment room, turbine building switchgear
room and emergency diesel generators rooms.

<

Not all the above rooms require room cooling, however. The following areas do not reguire room

cooling:

1))

2)

3)

4

TDEFW pump ares (reason: SBO heatup calculations, the room is actually a cage in a
large area;

Battery rooms A, B and AB (reason: temperature calculations for SBO conditions,
hydrogen purge function judged unnecessary during an accident),

Safeguards pump rooms, during injection of RWSP water only (due to low temperature
of RWSP water), required in recirculation phase;

CCW heat exchanger rooms A and B (reason: valves tested by manufacturer to well over
300°F, with only speed of opening/closing affected, CCW temperature is on the order of
100°F or lower);

Control room (reason: shutdown of plant in 1 hour if both trains inoperable, slow heatup,
existence of remote shutdown panel),
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6) Shutdown heat exchanger rocm (reason: equipment assumed not affected by high room
temperature),

7 HVAC equipment room (reason: large room, containing relatively few heat loads, cooled
by CCW, ventilation fans are assumed not required);

8) Turbine building switchgear room (reason: large area, three walls are outside walls, slow
heatup, served by ventilation fans only).

There seems to have been a relatively complete consideration of HVAC in the model. In case of item
Q.Mnmm.muumwhmﬁmmwwwmwmHVAC
failures. This would primarily impact LOCA recirculation sequences.

Table 3.2-5 of the submittal contain the overall system dependency matrix, including both support-on-
support and frontline-on-support dependencies.

2.2.2 Quantitative Process

2.2.2.1 Quantification of Accident Sequence Frequencies

The IPE used a small event tree/large fault tree technique to quantify core damage sequences. The event
trees were functional. The CAFTA workstation software package was used for development and

quantification of top event probabilities and accident frequencies.

It appears the cut set truncation limit used was 2.E-9/yr. The truncated residuals are a negligible fraction
of the CDFs, according to the submittal.

The IPE took credit for various recovery activities, including the recovery of offsite power. The only
diesel recovery modeled are simple recoveries in the air supply for starting the diesels, but this is ot
significant, according to the submittal. The IPE power recovery curve is given by the equation:

P = exp(-0.88%°%),

where the time t is given in hours (RAI responses). No reference is given for this equation. Tabie 2
shows a comparison between the offsite nonrecovery probadility at the times of interest calculated by the
above equation and that given in NSAC-147. The latter EPRI document contains industry average data
on offsite power recovery.

Table 2 IPE vs. NSAC-147, Nonrecovery of Offsite Power

Time after initiator (hr)

1
33

3
&




. e

The times of interest are mostly from the SBO event tree considerations: core uncovery occurs at
approximately 1 hour after the SBO initiator if the TDEFW pump does not start. If the TDEFW pump
starts but fails during its run time, an average core uncovery time of 3.5 hours after the initiator is
calculated. \Vithbmuydq:luionﬁmo“bomund2:dditiomlbounforooreunoovery,6bours is
calculated in case the TDEFW pump runs until the battery discharges Finally, 8 hours is given for
comparison on how the results diverge at longer times. It can be s.>n that at 3.5 hours, the IPE is
optimistic by a factor of 2.5. At 6 hours, the underestimation of core uncovery probability is almost one
order of magnitude. This may have a significant impact on the results. For example, one of the
dominant sequences is SBOVL (frequency of 2.86E-6/yr, or 17.1% of the present CDF). This is a
station blackout, with battery depletion after 4 hours and non-recovery of offsite power in 6 hours. In
addition, the LOOP nonrecovery within 6 hours has an overall Fussell-Vesely importance of 0.186.
h‘uiud:ispmbﬂailitybyuord«ofmnimdemldmnhingmw CDF by almost a factor
of 3 and the above sequence would then be almost 60% of the new CDF.

It appears that, in comparison to NSAC-147 data, the offsite power recovery factors are very optimistic
and will significantly impact the results

2.2.2.2 Point Estimates and Uncertainty/Sensitivity Analyses

Mean values were used for the point estimate initiator frequencies and all other basic events. No
uncertainty analysis was performed on the results. Importance measures (Fusell-Vesely) are given for
systems, basic events, initiating events, and sequences. The most important basic event are tne following,
each one having a F-V importance > 5%: LOOP nonrecovery within 50 minutes, failure of TDEFW
pump to start, LOOP nonrecovery within 6 bours, EDG failures to run, operator failure to recover from
room cooling failures, common cause failure of the EDGs to run, dry cooling tower maintenance
unavailabilities, common cause failure of the containment sump recirculation valves, EDG start failures
and ACCW pump failures.

Sensitivity studies were also performed. For each basic event whose F-V importance was greater than
1%, failure probabilities were arbitrarily and individually increased by an order of magnitude. Certain
classes of events were also increased by an order of magnitude (all CCF failures, etc.). The following
were components and classes of events to which the CDF was most sensitive and the IPE calculated
change in CDF: all motor driven pump failures (610% change in CDF), all common cause failures
(278%), all test and maintenance (264% ), all operator recovery errors (176%), ail pre-event human errors
(146%), all MOV failures (115%); EDG fails to start and fails to run (increased failure rates by the error
factors, 508%), EDG fails to run (438%), MDEFW pumps fail to start (228%), LOOP nonrecovery in
50 min (increased P t0 1.0) and 6 hours (186%), EDG failure to start (173%), ACCW pump failure
to start (155%), various EDG demand failures (142%), dry cooling tower unavailability due to
maintenance (111%) and failure to restore AHUs in the switchgear areas (111%).

2.2.2.3 Use of Plant Specific Dats

Since the plant is relatively pew and there hasn't been enough time to develop plant specific data, mostiy
generic data was used, except for the maintenance data and tiie diesel generator failure data.

The data collection process period was from September 24, 1255 to March 31, 1989 (for maintenance

data); the data window was extended to December 31, 1991 for the emergency diesel generator failure
data.
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1 For maintenance and test data, the data sources examiner were the computerized records of SIMS (station

information management system), NPRDS (nuclear plam reliability data system) and the control room
EOS (equipment out of service) log.

While the test and maintenance data appear reasonable, it was noted that the error factors presented were
too small. The licensee agrees and states that the wing method was used to estimate. There is no
impact on the results. The unavailability for the dry cooling towers was pessimistically estimated such
that whenever there was maintenance on a tower fan, the whole multi-fan cooling tower is declared out
of service. In reality sections of the tower can be separated from the rest. This affects the LOCA

sequences.

The data for the diesel generators was taken from the technical specification surveillance program which
mandates a certain number of EDG tests. There have been 3 start failures in 228 demands and one run
failure in 412 hours of operation. The plant specific EDG data is then obtained by straight division of
the appropriate numbers (no Bayesian updating was used).

Table 3 of this review compares the failure data for selected components from the IPE to values typically
used in PRA and IPE studies, using the NUREG/CR-4550 data for comparison [NUREG/CR 4550,
Methodology]. Most of the data in the table is generic data.

Waterford 3 data are generally in agreement with the NUREG/CR-4550 data. The data for circuit
breaker failure to transfer and EDG failure to start data is somewhat lower than that used in NUREG/CR-
4550. The turbine driven pump failure to run data is significantly lower. In RAI responses, the licensee
points out that this is an aggregate of 4 generic data sources, all of which have a much small run failure
rate of TD pumps than does NUREG/CR-4550. Also, comparison is made to demonstrated reliability
of 2 TD MFW pumps which have to run continuously. The licensee states that the high 4550 values
are due to data from Peach Bottom which was an outlier. It is not clear if the TDEFW pump should have
the same data as the TDMFW pump, and what is the right value to use for the TDEFW pumps (most
other IPEs seem to go with the lower value). The data used for the TD EFW pump can have some
impact on the results. If the 4550 data are used for failure to run, it is expected that the SBOVL
sequence contribution would increase by a multiplier of 1.8 (an 80% increase) while the total CDF would
increase by about 13% (reviewer's estimates).

2.2.2.4 Use of Generic Data !

As discussed in Section 2.2.2.3 above, most failure data used in the IPE and presented in Tahle 3 were
actually generic data. The data mostly comes from the SAIC generic data base. Sometimes data was
aggregated from several sources using the SAIC CARP program. For example in case of turbine driven
pumps data from the following sources were aggregated: ASEP data base, NUREG/CR-2886 (IPRD),
NUREG/CR-1205 and the NREP data base.



Table 3 Comparison of Failure Data

! m‘. 'll
urbine diiven pump fail to start
fail to run

Motor driven pump fail to start d
fail to run B4ES/hr
NStrument air compressor fall to start 13E-1
fail to run 2.3E-3/hr
Battery charger ~ [fails (o operate “1.8ES/hr
Circuit breaker rious open T9ES/hr
all to transfer T.2E-3

AT bus ault T.2E-7Thr
' il to open T.4E4
a1l 10 ciose T6E3

MOV all 1o )
Iomw

fspurious open T.4ES/hr

Spurious close [.SE-6/hr

Emergency diesel ger srator (the [fail to start 1.3E-2
only plant specific data in Table) fall to run AE-3/hr

Notes: (1) 4550 are mean values taken from NUREG/CR-4550, i.e. from the NUREG-1150 study of five
U.S. nuclear power plants.
2) Demand failures are probabilities per demand. Failures to run or operate are frequencies
expressed in number of failures per hour.

12.2.2.5 Common-Cause Quantification

The common cause probabilities were based on the procedure presented in NUREG/CR-4780 and the data
presented in EPRI NP-3967. It seems that the approach used was the beta factor approach, for most
components. The submittal states that no credible data exists to support common cause failure analysis
of components other than pumps, MOVs, EDGs and batteries (although EDG ventilation fans and chillers
are also included in the data). Chilier B was assumed not to have CCF with chillers A and AB due to
a different mode of operation: chiller B operates continuously, while chillers A and AB alternate monthly,
therefore the same wear would not be experienced. This is not a very compelling argument (chiller
failure is a relatively important contributor to the CDF). The check valve CCFs were neglected
probabilistically (check valves have lower failure probabilities than components they are in series with,
e.g. MOVs, pumps). Only EDG fans CCF was modeled (CCF factors for other fans were not available
at the time of the IPE); the other HVAC fans will have lower common cause failure rates than the
associated chillers. The licensee states that there is no evidence in the data reviewed for Waterford 3 of
CCFs for circuit breakers (other than reactor trip breakers), electrical switchgear, air operated valves,
air compressors, inverters, relays, transmitters (except miscalibration which is modeled in the HRA) (RAI
responses). Other PRAs have included these failures.
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CCF of pressurizer safety valves was not considered because failure of only one valve in the stuck open
mode would cause a small LOCA. Likewise, in an ATWS, failure of one safety valve to open would
be a failure of the pressure control function.

The common cause failure between the TDEFW pump and the two MDEFW pumps was not considered
credible due to a different driver (the pump parts ave similar, though the TDEFW pump is somewhat
larger). mtwupndnm:mjmhﬂmmmemdsormmmomofmemdy(RAI

). The licensee also states that the AFW pump is of a totally different design and thus not
subject to CCF with the EFW pumps. However, there could be common problems such as steam
binding. Also note that the MDEFW pump CCF is by about a factor of 2 lower than the 4550
recommended values. EFW is an important system, contributing about 30% to core ¢ mage, thus it is
important that it be modeled correctly. Failures of pumps with different drivers (common cause) have
been modeled in PRAs and are included in EPRI documents (for example the ALWR requirements de
base).

It is not clear if common cause failure of all three HPSI pumps or ail three CCW pumps was considered
(no CCF factors are provided and this does not appear in dominant sequences). If not, this may have
a significant impact on the resuits.

A comparison of effective § factors in the submittal vs. those su;, ~ested in NUREG/CR-4550 ("reference
B factor”) is presented in Table 4.

The teule shows general consistency between the Waterford 3 CCF data and that recommended in
NUREG/CR-4550. Most of the CCF factors are in agreement, except the MDEFW pumps’ and the CSS
pumps’ CCF factors are lower by a factor of 2 in the IPE. The MDEFW CCF may have some
-measurable impact on the results.

In conclusion, the CCF analysis, while mostly reasonable, may have had a measurable effect on the
results in the direction of understating the contributions to the CDF at Waterford 3.

Table 4. Comparison of Common-Cause Failure Factors

Reference § factor
HPSI pumps, LPS] pumps 0.21 HPSI 0.15 LPSI
Containment spray pumps ' 0.11

Chiller pumps, MDEFW pumps, 0.026(SW)0.056 EFW
CCW pumps, ACCW putaps

Chillers

MOV, CCF of 2 valves
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2.2.2.6 initiating Event Frequency Quantification

The initiating event frequencies were calculated by three methods: Waterford 3 specific experience,
geoeric industry dawa (but specified to Waterford specific design) and fault tree modeling of Waterford
3 systems using generic industry data. No Bayesiap updating was used.

The plant specific experience was used for the reactor trip, turbine trip, loss of feedwater. Plant specific
fault trees with generic failure data were used for loss of instrument air and loss of PDP 3014-AB.

Generic data were used for all other initiators; for loss of offsite power, the generic data were adjusted
for plant specific features.

The initiating event frequencies used in the IPE are presented in Table §.

The initiating event frequencies generally seem reasonable and are comparable to other PRA studies. The
large LOCA, small LOCA and LOOP frequencies seem lower than expected.

The large LOCA employs 2 leak before break consideration which reduces it to an order of magnitude
below that of NUREG/CR-4550 recommendations. Other studies are quoted which have this frequency
at 1. E<4/yr before leak before break considerations. An estimate from NUREG/CR-4290 is quoted for
a large guillotine break at CE plants of 5.E-14/yr. In any case this is not expected to have a large impact
on the CDF results as large LOCA now presents about 1% of the total CDF.

The small LOCA frequency is lower than the NUREG/CR small LOCA (1.E-3/yr) plus very small LOCA
(1.3E-2/yr) combination, by about a factor of 3. This frequency was calculated by dividing the two
applicable industry events to this category by the total number of PWR years. The two events assigned
to the small LOCA category were at Robinson on 3/7/71 and Zion on 12/31/73. There are no PORV
contributions at this plant (no pressurizer PORVs), and the RCP seals are judged to be sturdy enough
such that spurious RCP seal LOCA is not deemed credible.

The ANO-1 RCP failure event (along with 4 others quoted in NUREG/CR-4550) is dismissed as
Inapplicable, due to improvements in seals or a different seal design. It is also stated that the ANO-1
‘event was not a LOCA as the leak rate was within the charging pump makeup capacity ("according to
the ANO engineers”). Also, the pressure never fell to the SIAS setpoint, according to the RAI responses.
However, NUREG/CR-4550 (Vol. 3, Rev. 1, Part 2, App. D.2) quotes a leak rate of 400 gpm for that
event (which the RAI responses states was an overestimate), with a total spillage of 60,000 gallons. This
event, which occurred in 1980, plus the one at Oconee 2 in 1974 (leak rate 90 gpm, total leakage 50,000
gallons) seem to have occurred in Ltyron Jackson RCP seals, and both were spurious failures (not caused
by loss of seal cooling/injection), according to NUREG/CR-4550.

It is possible that there have been substantial improvements in seal design and materials since that time.
However, NUREG/CR-4550 accounts for that by doing a Bayesian updating of early failures in the period
1974 through 1980 with lack of failures in the period 1981-1988. This yields an estimate of 3.9E-3/yr
for spurious RCP seal LOCAs.

Also, other categories of very small LOCAs are estimated in NUREG/CR-4550 to have a frequency of

1.7E-3/yr for very staall LOCA pipe breaks and 7.6E-3/yr for component boundary failures. Events with
leakage rates greater than 15 gpm were counted, which occurred during startup or power ojperation, and,
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for pipe breaks, ratio of LOCA sensitive piping to all other piping of 18% for Westinghouse plants was

used.

It is true that the effects of a spurious RCP seal LOCA (usually considered a very small LOCA) would
probably be bounded by the small LOCA accident sequence logic (i.e., the conditional core damage
probability of a2 small LOCA is probably larger than that of a very small LOCA) Since the small LOCA
frequency & Waterford 3 of 4.SE-3/yr is a few times larger than that recommended in NUREG/CR-4550
(1.0E-3/yr), end considering lack of PORVs and improvements in RCP seal design, the total impact of
small LOCAs on the plant risk profile is probably not severely underestimated (from the standpoint of
initiator frequency). There is probably some underestimation, based on the state of our knowledge of
these phenomena.

The LOOP frequency of 0.032/yr seems somewhat J~w, but is in line with most other IPEs encountered
by this reviewer. This is calculated by culling from ~ ; generic data base events deemed inapplicable to
the plant, based on the switchyard design, weather patterns, etc.

The licensee states that the generic data base includes events such as ice storms, inapplicable to the site
(RAI responses). Mt is statad that generic data base also includes burricanes in the North East, and there
would probably be a precautionary shutdown in the event of a hurricane, which is usually slow moving
(RAI responses). It is stated that tornadoes should be less frequent than in the Midwest, and the
responses disagree with the RAI's characterization of the site as being subject to "severe weather
relatively frequently”. The switchyard design includes two switchyard buses, fed by seven transmiission
lines, feeding two separate startup transformers, which then feed the 4.2kV safety and non-safety buses.
No LOSP events on site have occurred, but there have been 5 partial LOSP events.

It seems the methodology used for specializing the industry occurrence data to the plant specific
conditions, tends to underestimate tae LOOP frequency. The data appears to include shutdown time in

-the calculation of the total reactor years, and there may be cases (as in plant centered LOOP) where
inappropriate reactor years are not adequately screened out. In any case, the LOOP frequency should
not rise by more than a factor of two, which would translate into a correspondigly higher LOOP caused
CDF. Since LOOP is already a primary CDF contributor, the conclusion as to LOOP significance to the
CDF won't change, but the numerical values will. Also, the observation above on the power nonrecovery
factors (they seem low) would bias the LOOP CDF contribution in the same direction as the relatively
low LOOP frequency.

In addition, some of the error factors quoted for the initiating events seem low, and sometimes do not
make sense when compared on a relative basis (some relatively rare events have a smaller erroi factors
than some relatively frequent events). For instance, the error factor for loss of offsite power is 1.33
(meaning that this number is known with a high degree of certainty), while the error factor for a turbine
trip, derived from plant specific occurrences, is 5.20. However, this should have no impact on the
results as uncertainty analysis was not performed.




Table § lnitizting Event Frequencies for Waterford 3 IPE

Initiating Event Frequency (/yr)

Reactor Trip 2.6

Loss of Condenser Vacuum 0.14

Turbine Trip 0.40

Loss of Fesdwater 1.0

Loss of Offsite Power 3.16E-2
Steamline bresk on SG2 5.60E-3
Feedwater Line Break Upstream of the Feedwater Isolation Valves 5.60E-3
Loss of Condensate System 1.00E-2
Loss of CCW/ACCW 5.00E-3
Loss of 6900 V bus 3.94E-4
Loss of DC Bus 3.94E4
Loss of PDP 3014AB 2.57E-2
Loss of Instrument Air 4.67E-2
Small LOCA 4 47E-3
Medium LOCA 1.00E-3
Large LOCA 5.00E-5
Reactor vessel rupture 2.7E-7
Sieam Generator Tube Rupture 8.94E-3
Interfacing System LOCA (suction valves of shutdown cooling) 9.72E-7
Internal Flooding (Turbine Building, circulating water pipes) 3.05E-3

2.2.3 Interface Issues

2.2.3.1 Froot-End and Back-End Interfaces

The IPE assumes that containment heat removal is necessary for core heat removal when recirculation
is required. Also, LPSI pumps cannot be used in conjunction with CSS pumps. Both CSS pumps and
containment fan coolers require CCW cooling; also CSS pumps require room cooling in recirculation.

Section 2.4 provides more information on Level 2 considerations.
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2.2.3.2 Human Factors Interfaces

In case of a fast dead bus transfer (from the auxiliary transformer to a startup transformer) after a plant
trip, the failure of this automatic action can be recovered by the operators, either from the control room,
or locally, at the breakers. The HEP for the local action is 4.5E-3, the one in the control room (event
ZMANTRAN) is on the order of 1 .E-6, which seems very low, and they seem to have been assumed
independent. This will have an impact on the LOOP frequency, or, for some initiators, the SBO
frequency.

Section 2.3 provides more information on HRA considerations.

2.2.4 Internal Flooding

2.2.4.1 Juternal Plooding Methodology
The methodology used to perform the flooding analysis consisted of five major steps:

1) Preliminary flood scenario development,

2) Plant walkdown,

3) Initial flood scenario frequency screening;

4) Refinement of analysis bases and assumptions,;

5) Detziled quantification of important flood scenarios.

The final two steps were performed iteratively until each scenario was determined to be below the
established screening frequency or until the scenario frequency was as low as reasonably achievable using
the screening methods of this study. This process may result in a substantial residual not being reported
in the final results.

The screening criterion was 1. E-6/yr.

¢The development of flooding scenarios was supported by a plant walkdown. The effect of the flood on
equipment cabie terminal points (e.g. junction boxes) was deduced from automated plant cable data bases
and Appendix R equipment cable tables obtained from the Waterford 3 design engineering electrical
group. Pipe whip and steam impingement were judged as being beyond the scope of the analysis. Liquid
jets and sprays were not considered as to the exact patterns of impingement, but were assumed to fail all
the equipment in the initiztion flood area.

Propagation of flooding to other areas (including open doors, stairwells, elevator shafts, drains, and
through gaps in closed doors) and isolation of the floods were considered. Fire doors are not water tight.
Sumps are assumed to overflow with sump pumps unable to keep up with the deluge flood flow. Drain
plugging was apparently not considered. However, a deluge flood would seek large op.nings such as
stairways and elevator shafts to propagate to lower levels. Isolation of large floods in 20 minutes with
a probability of 0.0 is assumed. Inadvertent actuation of the fire suppression equipment and maintenance
induced floods are “implicitly part of the data base”, i.e., were not separately developed to uncover any
plant specific vulnerabilities. Component failures considered which could cause flooding were pipe and
valve ruptures, pipe joints, flanges, tanks, etc. Internal flooding data from PLG-0624 of May 1988 were
used, and calculation of flood source density in different areas was performed.
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In the detailed analysis, minimum water levels to induce equipment damage were considered in the flood
propagation zones.

Surviving flood scenarios were quantified using internal events event trees with flood induced failure
tagged in the fault trees. Flood revised HEPs were used for recovery actions.

Only one flood scenario survived, the turbine building break in the circulating water system. This causes
a loss of offsite power and a loss of the MFW/AFW and condensate systems; the TDEFW fails to start,
The result is a demand on the EDGs to power the EFW system located in the reactor aux building. The
initiating event frequency for this scenario is 3.05E-3/yr.

It should be noted that scenarios in the reactor aux bldg that propagate to the basement where the EFW
equipment is located are screened out due to the large floor areas such that the flood water spreads out
and will likely not affect the EFW equipment.

2.2.4.2 Internal Flooding Results

The turbine building flood scenario CDF is 1.12E-6/yr. The residual of the screened scenarios has an
upper bound of 3. 49E-6/yr (this is estimated using pessiruistic screening quantification).

It seems that the flooding analysis was reasonable.
2.2.5 Core Damage Sequence Results

2.2.5.1 Dominant Core Damage Sequences

The results of the [PE analysis are in the form of functional sequences, therefore NUREG-1335 screening
criteria for reporting of such sequences are used. The point estimate for the core damage frequency from
internal events is 1.68E-5/yr (this does not include 2 minor contribution from the reactor vessel rupture,
2.TE-7/yr), with internal flooding contributing an additional 1.12E-6/yr. Accident types and their percent
kontribution to the CDF, are listed in Table 6. The most important initiators are given in Table 7.

Five dominant sequences and one ISLOCA containment bypass sequences were described in detail (two
LOCAs, 2 station blackout, 1 general transient, one ISLOCA). Each of these important sequences has
a frequency greater than 1. E-6/yr, except ISLOCA, which is greater than 1.E-7/yr. The important
sequences are summarized below in Table 8. System Importances are presented in Figure 1.

The RCP seal LOCA contribution is negiigible. The SBO contribution is 37%. The LOOP events and
the small LOCA are the most important events. This is expected due to the design of the plant (no feed
and bleed capability, relatively fast core uncovery, EDG dependencies on CCW, HVAC and DC power,
dependence of HPSI on CCW and ACCW, and HVAC, dependencies of MDEFW on HVAC).




Table 6 Acsident Types and Their Contribution to the CDF

Initiating Event Group Contribution to CDF (/vr)
Transients 8.69E-6
LOCAs 6.62E-6

Internal Flooding (not included in (1.12-6)
TOTAL)

Steam Generator Tube Rupture 8.26E-7
Interfacing Systems LOCA 4 B6E-7
ATWS 1.30E-7
TOTAL INTERNAL CDF 1.68E-5

Table 7 Dominant Initiating Events and Their Contribution to the CDF

Initiating Event Contribution to CDF (/yr)

Loss of Offsite Power 7.58E-6
Small LOCA $.30E-6
Medium LOCA 1.14E-6
Steam Generator Tube Rupture 8.26E-7

Feedline Break Upstream of Feedwater 5.18E-7
Isolation Valves

ISLOCA (V event) 4 B6E-7
Loss of Feedwater 3.91E-7
Large LOCA 1.82E-7
ATWS 1.30E-7




Table 8 Dominant Core Damage Sequences

Dominant Subsequent Failures in Sequence

Safe sctioe Failure during injection mode (caused by COW |
. mtcwvndeHPSlmcoolm;(cundbywwdty
cooling tower problems), or caused by mechanical failures io the
or B HPSI pumps, or operator failure with the AB HPSI

failure of both EDGs lesding o station blackcut, failure o
could be due to failures of these components themselves or
iures of the DC system, e.g., common cause failure of all

 batteries), failure to restore offsite power in 50 minutes

085 Of Offsite power (blackouf)  fmilure of both EDGs Teading to station blackout, success of the
DEFW pump, failure to restore offsite power in 4 hours,
depletion leads to eventusl failure of the TDEFW pump

ransient (dominant are 10ss O ous types of failures disable 2 EI'W pumps and the
offsite power and feedwater line pump, maddmonlotbeMFWpumpsbempdmbled by
: upstream of the feedwater be initiator (feedline break initistor disable both MFW and
isolation valve) ; the failures are either pump failures (to start, run,
COmMOD cause, maintenance), or due to problems with suction
problems with condensate storage pool, operator failure to
itch to CST and/or the wet cooling tower); failure to
ize and use condensste pumps

falure of HPSI to switchover to recirculation (caused by
common cause failure of SI sump suction valves, or much less
quently indepeandent failures of the two vaives). Much lower
in probability are HPSI recirculation failures due to failure of the
RWSP low level instruments, plugging of the SI pump and
AC failures of the HPS] pump room or switchgear room

SO0 ‘

High/low pressure boundary failure

SLOCA initiator, primarily gross Jow pressure piping failure outside the cootainment (with a
ilure of the two series MOVs in  jprobability of 0.5)

shutdown cooling suction line)
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Figure 1 System lmportance

2.3 Human Reliability Analysis Technical Review
2.3.1 Pre-Initiator Human Actions

Errors in the performance of pre-initiator human actiors (such as failure to restore or properly align
equipment after testing or maintenance, or miscalibration of system logic instrumentation), may cause
components, trains, or entire systems to be unavailable on demand during an initiating event. The review
of the human reliability analysis (HRA) portion of the IPE examines the licensee's HRA process to
determine the extent to which pre-initiator human events were considered, how potential events were
identified, the effectiveness of any quantitative and/or qualitative screening processes used, and the
processes used to account for plant-specific performance shaping factors (PSFs), recovery factors, and
dependencies among multiple actions.

2.3.1.1 Types of Pre-Initiator Human Actions Considered
The Waterford 3 IPE considered both of the traditional types of pre-initiator human actions: failures to

restore systems after test, maintenance, or surveillance activities and instrument miscalibrations.
Consistent with other HRA methods, "slips® were the only pre-initiator esvor mode modeled.
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2.3.1.2 Process for ldentification and Selection of Pre-Initiator Human Actions

The submittal indicates that the “quantification as well as the identification and qualitative assessment of
human failure evunts (HFEs) follows an SAIC technique (Dougherty and Fragola, 1988) that is nearly
identical to SHARP1.” In the licensees response to the NRC’s request for additional information
(RAD), it was stated that the pre-initiator events were included during the development of the system fault
trees by reviewing the various failure modes of the systems and accounting for buman induced failures.
Hum~za interactions with the equipment were examined and operating, calibration and surveillance
procedures were reviewed. While discussions with plant personnel on the interpretation and
‘mplementation of procedures were not explicitly mentioned, a reasonable set of pre-initiators were listed
in the submittal and it appears that rele ant information sources were examined.

2.3.1.3 Screening Process for Fre-Initistor Human Actions

A screening value of 0.003 was assigned as the basic probability of a elip involving a single train of
equipment, e.g., failing to restore equipment in HPSI train A. The screening probability of a slip
affecting multiple trains was set at 0.0003 (e.g., miscalibration of all four SG-1 pressure sensors), which
is a train or “beta factor” of 0.1. THERP was cited as the source from which these values were derived.
Apparently, no pre-initiators were actually screened out. All events initially considered were inciuded
in the fault tree used for final quantification. However, events “surviving™ screening were analyzed in
more detail.

2.3.1.4 Quantification of Pre-Initistor Human Actions

A “time-independent” technique was used to quamify all "slips”, which is assumed to be the only failure
mode for pre-initiator events. The submittal states that the technique is a variant on THERP and is similar
to the ASEP HRA procedure. The technique assumes a basic human failure probability (BHEP) of 0.003
and a “muitiple component beta factor” to (essentially) account for common cause slips across trains.
For two train systems, a multiplier (or beta factor) of 0.1 is used and for three or more trains, a beta
factor of 0.01 is assigned. Thus, the common cause failure probability for three or more pressure sensors
could be 3.0E-5, but is usually evea less due to credit for recovery by a checker etc. While this approach
provides a reasonable treatment of dependencies across trains, the use of a BHEP of 0.003 is not
necessarily "conservative” as was asserted in the response to the NRC's RAI. The licensee argues that
“the use of the THERP single-task value (0.003) as the probability of any slip on the train, is equivalent
to assuming that all tasks involved with the train are completely dependent on the first task undertaken.”
This statement, however, is inaccurate. It is usually the case that a failure cn any of several tasks related
to the train will lead to its failure on demand. Therefore, the probability of failing on each of the critical
tasks should be added together. If the single-task BHEP is 0.003 and there are four critical tasks, then
the total failure probability would be 0.012 (4 x 0.003), at least before recovery credit is given. Thus,
there was nothing particularly “conservative™ about the technique used and in some cases it could be
argued that the HEP values obtained for some events are optimistic. On the other hand, credit for
redundant crew members (e.g., an independent post-maintenance check) was taken for only one checker
and moderate dependency was assumed (a value of 0.14 was assigned in all cases). On the basis of
recovery credit aliowed in methods such as ASEP, the amount of credit is not unreasonable and could
be somewhat pessimistic.

The response to the RAI states that no PSFs were considered in using the time-independent technique and
that restorations across trains were assumed to be independent. While the latter assumption is reasonable
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(and defended in the response to the RAI), the lack of consideration of any plant-specific PSFs, coupled
with the more or less "generic” approach used to quantify the pre-initiator events, results in a HRA that
may or may not provide a good representation of the actual plant. Nevertheless, at least both restoration
and miscalibration events were modeled and the assigned HEPs were not unreasonable. Therefore, the
pre-initiator analysis provided at least some opportunity to identify potentially important events, even if
its usefulness is limited by the lack of consideration of plant -specific factors.

2.3.2 Post-Initiator Human Actions

Post-initiator human actions are those required in response to initiating events or related system failures.
Although different labels are often applied, there are two important types of post-initiator human actions
that are usually addressed in P?{As: response actions and recovery actions. Response actions are generally
distinguished from recovery actions in that response actions are usually explicitly directed by emergency
operating procedures (EOPs). Alternatively, recovery actions are usually performed in order to recover
# specific system in time to prevent undesired consequences. Recovery actions may entail going beyond
EOP directives and using systems in relatively unusual ways. Credit for recovery actions is normally not
taken unless at least some procedural guidance is available.

The review of the human reliability analysis (HRA) portion of the IPE determines the types of post-
initiator human actions considered by the licensee and evaluates the processes used to identify and select,
screen, and quantify the post-initiator actions. The licensees treatment of operator action timing,
dependencies among human actions, consideration of accident context, ané consideration of plant-specific
PSFs is also examined.

2.3.2.1 Types of Post-Initiator Human Actions Considered

The Waterford 3 IPE categorizes human actions as either human failure events (HFEs) or recovery

actions. The distinction is simply “functional” in the sense that HFEs are included in the fault or event

trees, while recovery actions are applied at the cutset level. HFEs included both pre- and post-initiator

events, but only a few (apparently four) post-initiator events were included in the “wop logic.”™ The rest

ﬂf the humn actions were labeled recovery actions because they were applied to the cutsets after initial

quantification. Thus, the traditional distinction between response and recovery iyjp< actions was not
made in the Waterford 3 submittal.

Three criteria were identified for recovery actions: 1) the equipment to accomplish the recovery must
exist and be available, 2) time to accomplish the action must be available, and 3) the action must be in
procedures, taught in training, or otherwise be obvious to the operators. Given these criteria, the recovery
actions could include both response and recovery actions as described in the traditional sense. However,
a distinction was made between potential rule-based mistakes (procedure-based) and “response mistakes”
which were described in the response to the RAI as mistakes “in on-the-spot, general diagnosis and
response in the absence of rules.” meﬁsq)pwmmghlyﬁttheuﬁiﬁowdisﬁnaion
between response and recovery actions, but in the Waterford usage, the “response”™ actions are the ones
that may not be proceduralized. A third type, verification mistakes, was also discussed. Verification
IMQmmmdsMuhlmdlumwmmemmpmadm These
three different types of actions were treated in the analysis by assignment of different “type” factors
(discussed further below). When considered independently from other factors, verification actions were
more likely to succeed than rule-based, which were in turn were more likely to be successful than
response actions.
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In any case, at least some of the actions modeled were not proceduralized. This is defended in the
licensee's response to the RAI on the grounds that the operators are trained to respond to accidents and
recover critical safety functions and that credit for such actions were only taken in long-term scenarios.
In many cases, the Technical Support Center wouid be available to assist the operators. A review of the
“response” actions listed in the submittal did not suggest that extraordinary behavior was being asked of
the operators, but information on the events was minimal.

2.3.2.2 Process for ldentification and “dection of Post-Initiator Human Actions

The submittal and the response to the RAI indicate that all but a few of the post-initiator human ac'ions
were selected by manually reviewing cutsets and determining if operator, actions could mitigate ti.
sequence. The submittal states that “the HRA task served as an integral advisor to other project tasks to
assure that relevant human interactions were ideatified and properly incorporated into the logic models.”
The HRA task was involved during initial sequence and modeling efforts and “during this period had the
opportunity to review plant and system design information and become familiar with the control room
and related operating procedures.” While simulator exercises were not conducted, the statements
discussed above suggest that the HRA analyst was significantly involved throughout the modeling effort.
Thus, it appears that steps were taken to assure that appropriate human action identification and selection
occurred.

2.3.2.3 Screening Process for Post-Initiaior Response Actions

The response to the RAI states that screening values were used for “post-initiator top logic mistakes™ and
for post-initiator slips. Ounly two post-initiator slips were modeled and, as was done with pre-initiator
slips, they were assigned a screening value of 0.003. The response to the RAI.did not make clear exactly
why these “slips™ were modeled. The actions apparently involve operator failure to align the alternate
AC power source following failure of the normal AC power source for Static Uninterruptible Power
Suppiies (SUPs). The licensee states that the screening value is acceptable because the realistic failure
rate for these events is expected to be lower. The licensee also argues that “these SUPs recoveries are
of no importance™ (see age 2-14 of response to RAI), so it is not clear exactly why they were modeled,
particularly as slips. In any case, all sequences containing these events were truncated and the events
were left at their screening value.

As for the top logic events modeled, rule-based actions with “no burden” were assigned a screening value
of 0.1. Rule-based actions “with burden™ were screened at 0.2 and non-rule-based actions (response)
were screened at 0.4. In the response to the RAI, the licensee argues that with a truncation value of
1.0E-9, these values are high enough to ensure that no important sequences were eliminated. The
argument would be true as long as only one action was credited, but not necessarily so if multiple actions
with dependencies were present. Nevertheless, since only a few top logic events were actually modeled
and the cutsets were examined after initial quantification, the screening approach is probably reasonable.
Moreover, apparently all the top logic events modeled were later quantified in detail.

2.3.2.4 Quantification of Post-Initiator Human Actions
The quantification of al! post-initiator human actions (except the two slips discussed above) was based
on the time-dependent system of time reliability correlations (TRCs) developed by SAIC and documented

in the book by Dougherty and Fragola and in an American Nuclear Society conference paper by
Dougherty (1989). The submittal states that the TRCs are similar to the HCR and RMIEP TRC methods.
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In the response to the RAI, the basic form of the TRC is provided along with discussions regarding the
relevant input parameters for both an in-control room model and an ex-control model (i.e., for actions
t0 be performed outside the contro! ro~=). Brief discussions of the input parameters were also provided
in the submittal. The critical elemer s for *he in-control room model include: the available response time
and an estimate of the median response time for the event examined, along with adjustments for type of
behavior (verification, rule-based, and response type, see section 2.3.2.1 above for descriptions), degree
d'mhﬂc'.ml&diﬁood(uinduhmbemdmuﬂeamlmpaaofPSFs), and mode!
oncertainty. The model uncertainty factor is fixed at 1.68, apparently to reflect that the model uncertainty
is distributed lognormally about the mean.

For the ex-control room model, similar parameters are modeled, along with adjustments to response time
for potential “delaying hazards™ outside the control room. The model uncertainty factor can also be
adjusted for uncertainty due to other influences or hazards. Hazard factors which can influence response
time include lighting, instrument separation, need for tools, need for protective clothing, and other
miscellaneous hazards. Guidance is provided for how much time to add due to the hazards, but the basis
for the selected times to be added was not provided. The model uncertainty factor can be adjusted with
a multiplier for the number of hazards involved. The hazards considered for this adjustment include need
for remote coordination, security access, noise, and availability of tools. The basis for the multipliers for
this parameter were not provided either. In addition, two assumptions are made for the ex-control room.
First, when available time is squal to mean response time, the failure probability is set to 0.5. Second,
the reliability of ex-control rootn actions with 3 minutes response time is comparable to in-control room
actions, if no other hazards (other than performance outside the control room) are present.

While it is impossible at this point to determine the overall basic validity of the method briefly described
sbove and used in the Waterford 3 IPE (the “SAIC method™), the basic TRCs are apparently consistent
with those used by other methods and the approach does attempt to provide mechanisms for addressing
various factors that should influence operator perfcrmance. However, as with all HRA methods, the
validity of the results can be no better than the quality of the analysis on which the analysts base their
judgments. For example, to what extent were plant-specific PSFs considered and how accurate were the
estimates of the timing parameters? These and other aspects related to the quality of the Waterford HRA
are discussed below.

The response to che RAI indicated that all the success likelihood indices (SLIs) except two were left at
their default values. That is, PSFs were assumed to have no effect on all but two events. For these two
events, the SLI was increased to reflect expected improved performance. In one case for good training
and in the other for many more hours being available than was assumed. By leaving the SLIs for the
remaining events at their default values, the analysts are basically assuming Waterford is an “average”
plant in terms of its PSFs. Other than the fact that two events were examined in enough detail to
determine that the HEPs should be lower, there was no evidence that plant specific PSFs were examined
for other events. The resulting analysis therefore appears to be somewhat “generic” rather than plant-
specific and may or may not adequately represent the plant. At @ minimum, judgments were made
regarding the extent to which operators are burdened in a particular scenario and the type of task
involved.

The NRCs RAI requested that examples of the spplication of the two calculation technigues be provided
that exercised all the parameters in the techniques. On the basis of the examples provided, it would
appear that many of the parameters were left at their default values. One specific example requested in
~|heRAlwnprwideaducrkxionof|herliwionofthewodtoop«mraaionZMANTRAN.
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which is the action to manually transfer (from the control room), the 6.9 and 4.16 KV buses from the
UATs to the SUTs following failure of the auto fast transfer. On reason this action was selected was
because of the relatively low HEP of 7.5E-6 listed for this event in the submittal. Given the values of
the parameters applied, apparently the assumption of a rule-based type action in the context of 60 minutes
of available time, produces relatively low HEPs in the SAIC method. No other special considerations
were necessary to obtain such a value other than the operator being assumed unburdened and an
assumption of “average™ SLI..

In general, the way in which the SAIC HRA method was applied in the Waterford IPE did not appear
1o violate its basic tenets and the resulting HEPs would not in most cases be considered excessively low.
The main concern in regard to the general application of the method is the extent to which plant-specific
PSFs were considered. The information provided suggests that in most cases “default™ values were
assumed and there was no evidence that detailed analyses were performed to assure that the “generic”
values were appropriate. However, the HEP values themselves would not suggest that ideatifcation of
human action vulnerabilities was necessarily precluded. Another important factor that relates to the

adequacy of the application of the method is the determination of timing parameters. This aspect is
discussed next.

2.3.2.4.]1 Estimates and Consideration of Operator Response Time

The determination of the time available for operators to diagnose and perform event related actions is a
critical aspect of HRA methods which rely on TRCs to assess the probability of operator failure. In order
to appropriately use the SAIC TRCs, the net available time for an operator to respond must be determined
by considering the appearance of cues, such as control room alarms or other indications, that signal the
operators that a particular response is required. In many cases the time at which operators receive the
relevant cues is significantly later than when the event to be responded to actually occurred. Thus, if the
point at which the relevant cues occur is not considered in determining available time, the resulting
estimates could be significantly greater than the actual time available. Moreover, if significant, the time
needed to perform a certain action must be subtracted from the total available time before the TRCs are
iused. For example, if the actions necessary to accomplish a particular task, such as the switchover to
recirculation, require 15 mioutes and only 30 minutes total time is available, then the operators have only
15 minutes available. Thus, 15 minutes rather than 30 minutes should be used with the TRC equation
and the result is non-trivial (e.g., an order of magnitude in difference).

The submittal itself did pot discuss the approach used to determine or estimate the time available for
operator actions. However, the licensee’s response to the NRC RAI did provide some insight. “In
general, the available time was determined from applicable system response analyses. In some cases
engineering judgment was used to determine the available time given the most limiting sequence.”
Furthermore, the response to the RAI states “that in most cases, & minimum available time is used W
avoid differentiating between sequences.” Obviously, such a bounding approach will produce somewhat
pessimistic HEPs for some cases, but at least will not preciude ideatifying potentially important events.

NWNMMWWMMMWMMMWWM
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receipt of the cue to act was assumed.” In response to a follow-up RAI on this issue, the licensee
indicated that delays in receipt of indications in the control room were actually carefully examined, but
that relative 1 the time available for the events of interest, the delay was insignificant and therefore not
considered. While this may be appropriate for the events modeled in the Waterford IPE and clear
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examples were provided by the licensee, many other IPEs have tended to find it necessary 1o account for
delays in the occurrence of relevant cues. For actions inside the control room, the time to execute the
response was also assumed negligible. Finally, a default median response time of four minutes was
assumed for all of the in-control room actions modeled and adjusted ‘coording to the type of behavior
involved in the task. The licensee states that the default value was de ived from the nominal diagnosis
curve from THERP.

Regardiug ex-control room actions, ihe licensee states that the "human reliability” is assumed to be
dominated by the actions taken outside the control room, not on the decision-making process; therefore
‘onlythedmemulndbrﬁenakmmbewﬁdmnmide&coowolmminndudedinmeex-
control room model.” However, in response to a follow-up RAl, the licensee indicated that while the
statement that only the time required for the actions to be carried out outside the control are included in
the ex-control room model was true with regard to the user inputs to the model, the model itself, and the
resultant HRA failure probabilities are calibrated to a TRC presented in NUREG/CR-2787 (Interim
Reliability Evaluation program (IREP) - Analysis of Arkansas Nuclear One, Unit One Nuclear Power
Plant), which includes all required actions to perform the recovery. Thus, the licensee argues that the
TRCs used to determine the HENs do take the diagnosis and decision time into account.

A list of the response times assumed for the ex-control room actions and additions to response times
based on delay hazards was presented ir the licensee’s response to the RAI. The response times were
determined *from interviews with operators” and “the presence of hazards which could influence the
response time and uncertainty was natural outcome of these operator interviews.” Exactly how many
operators were interviewed and the approach for soliciting the estimates were not discussed. Other
methods, such as THERP have argued that time estimates obtained from operators should be doubled,
but this is not mentioned by the licensee. Without additional detail, it is difficult to determine whether
or not the response times used are reasonablc. Regardless, the total time assumed available tends to be
substantially longer than the estimated response time and the HEPs do not in general appear to be
excessively low.

32.3.2.1.2 Other Performance Shaping Faciors Considered

" Other than those discussed above, there was no evidence of any other PSFs being considered.
2.3.2.4.3 Consideration of Dependencies

Two basic types of dependencies are normally considered in quantifying post-initiator buman actions:
1) time dependence and 2) dependencies between multiple actions in a sequence or cut set. One type of
time dependence is concerned with the fact that the time needed to perform an action influences the time
availsble to recognize that a problem has occurred and to diagnose the need for an action. This type of
time dependence is handled by the Dougherty and Fragola method by using TRCs which refiect the
likelibood of operators diagnosing and performing the related actions in a particular time window. In
essence, the method assumes that the probability of errors in performing in-control room actions is
pegligible compared to the potential for diagnosis failure. Moreover, the response times for ex-control
room actions are assumed to be dominated by the actions taken outside the control room, not on the
decision-making process. The validity of this assumption is certainiy debatable.

Another aspect of time dependence is \hat when sequential actions are considered, the time to complete
" one action will impact the time svailable to complete another. Similarly, the sooner one action is
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performed, the slower or quicker th: condition of the plant changes. This type of time dependence is
normally addressed by making conservative assumptions with respect to accident sequence definitions.
One aspect of this approach is to let the timing of the first action in a sequence initially minimize the time
window for subsequent actions. The occurrence of cues for later actions are then used as new time

origins. This type of dependence was appareatly handied in the same way as other context effects and is
discussed below.

The second type of dependence considers the extent to which the failure probabilities of multiple human
actions within a sequence or cutset are related. There are clearly cases where the context of the accident
and the pattern of successes and failure can influence the probability of humar error. Thus, in many cases
it would clearly be inappropriate to assume that multiple buman actions in a sequence or cut set would
be independent. Furthermore, context effects should be examined even for single actions in a cut set.
While the same basic action can be asked in a number of different sequences, different contexts can
obviously lead to different likelihoods of success. Dependence among multiple human actions was handled
in the Waterford submittal essentially by assuming that they are independent. The licensee argues that
"between separate tasks independence is provided because many of the tasks are performed by different
people, wad there is separation in time or "cognitive space”, i.e., cues are independent enough to force
subsequent diagnosis.” The licensee further states "that context effects were handled by lumping the
different sequences into one event.” “"This is done by using a sum average time for the available time
parameter for events that are sequence dependent.”

2.3.0.4.4 Quantification of Recovery Type Actions

The submittal indicated that all post-initiator human actions were quantified with the approach described
above in section 2.3.2.4. Different TRC parameters were used 10 quantify non-rule-based as opposed
to rule-based actions.

2.3.2.4.5 Buman Actions in the Flooding Analysis

In the Waterford 3 IPE, human actions and human recovery of several flooding scenarios were modeled.
"During initial quantification (screening) all ex-control actions were set to fail. In addition, in-control
room actions for those flood scenarios that started or propagated through the control room were also
assumed to be failed as considered. All the actions modeled initially were identical to those modeled in
the Level | analysis and the flooding analysis “caused no special requantification of level 1 human
actions.” After the initial screening, consideration was given as to whether any humar recovery actions
which were set o 1.0 could be assumed to be performed under conditions of the flood. Any human
actions (inside or outside the control room) with some dependency on flood or flood disabled equipment
were simply assumed to fail. Other wise, the Level 1| HEPs were used. Apparently during the early
rounds of quantification, a flood recovery value of 0.01 was applied to large flood scenarios. Later, three
new recoveries were created for the flooding analysis and were quantified using the EPRI draft report
on “Modeling of Recovery Actions in PRAs.” The actions included: 1) isolating the flood before ex-
control room actioas or equipment are disabled, 2) a local action to recover an in-control failure (or
inability) to align the CST to the CSP as an inventory makeup source, and 3) a local action to recover
an in-control failure (or inability) to stop the RCPs within 30 minutes of the loss of seal cooling.

The quantification of these actions was documented in the response to the RAI and appeared reasonable.
Per the EPRI method, time available, training, task complexity, and environmental factors were all
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considered. The treatment of human actions in the flooding analysis was relatively thorough and
reasonable.

2.3.2.4.6 Human Actions in the Level 2 Analysis
The licensee states that human actions were not credited in the Waterford 3 Level 2 analysis.
2.3.2.5 Important Human Actions

The Waterford 3 submittal presents a list of basic event importance i determined by Fussell-Vesely (F-V)
measures. Operator actions with F-V values greater than 0.01 (1% of CDF,) are presented in Table 9
below, slong with their F-V values and their HEPs. The sensitivity analysis performed by the licensee
also examined which cut sets fell below the reporting criteria due to human recoveries. The operator
actions identified included the initiation of cooldown for a SGTR, the stopping of the RCPs within 30
minutes of a loss of seal cooling (loss of instrument air initiator), and the closing of miniflow valves
during recirculation mode for medium and large LOCAs and for the loss of instrument air initiator.

Table 9 Important Human Actions

Event Description F-V HEP

Operator fails to recover from rcom cooling failure ZHFHVACREC) | 8.01E-02 5.0E01

Operator failure to align HPSI pump train AB (ZHFOPALNAB) 4.68E-02 9.8E-02

Operator fails to align EFW suction to WCT (Recov. Action) 3.38E02 1.6E-01

(ZEFWWCT)

Operator fails to align EFW suction to WCTs following LO LVL 2.43E02 1.5SE-02

(ZEFWWCT-1)

Operator fails to restore air cooling unit after test/maint 1.5TE02 3.0E-03
{ (UHF25AREST)

Operator fails to restore air cooling unit after test/maint 1.5TEQ2 3.0E-03

(UHF30AREST)

Operator fails to restore air cooling unit after test/maint 1.28E-02 3.0E03

(UHF30BREST)

Operator fails to restore air cooling unit after test/maint 1.28E-02 3.0EC3

(UHF2SBREST)

Operator fails to manuaily initiate RAS small/large LOCA 4.98E-03 1.5E-01

(ZMANRASA-S)




2.4 Back End Technical Review

2.4.1 Containment Analysis/Characten zation

2.4.1.1 Front-End Back-End Dependencies

The interfaces between the front-end and back-end analyses are provided in the IPE by the definition of
10 plant damage states (PDSs). An event tree structure (calied Level 1 to Level 2 bridge tree in the IPE
submittal) is used in the Waterford 3 IPE to sort out Level 1 core damage sequences and combine them

mmmmummmudmmmmmn) The parameters used
in the IPE to define the PDSs include:

AC Power Availability,
Containment Integrity Status,
RCS Pressure,

Core Melt Timing,

Containment Mitigating Systems.

Except for SBO and bypass PDSs, the PDSs defined in the Waterford IPE are based on RCS pressure,
which depends on the type of accident sequences (or accident initiators), the time of core melt, which
depends on whether core cooling is lost during the injection or the recirculation phase, and the availability
of containment systems. The conditional probabilities for the PDSs at various RCS pressures (or types
of accidents) are: 39% for PDSs with medium RCS pressure (from small or medium break size LOCAs
or transien: initiated events with stuck-open pressurizer safety relief valves);, 15% for PDSs with high
pressure PDS (from total loss of all feedwater transient); and 1% fo. PDSs with low pressure PDS (from
large LOCAs). In addition to the above PDSs, the conditional probability for SBO sequences is 38%, the
conditional probability for SGTR sequences is 5%, and the conditional probability for ISLOCA sequences
is 3%.

For individual PDSs, the most probable PDS is PDS IH (21% CDF), a PDS with medium RCS pressure,
u‘iyooremdt. and failure of containment heat removal. This is followed by a SBO PDS with early core

melt (21%), a SBO with late core melt (17%), and PDS IIIB (15% CDF), a transient with early core
melt, but with containment heat removal.

The PDSs defined in the Waterford 3 IPE are of sufficient detai! to provide a proper account of the
front-end and back-end dependencies and adequate information for back-end accident progression analysis.

1.4.1.2 Containment Event Tree Development

Probability quantification of severe accident progression is performed in the IPE by the use of
containment event trees (CETs). The development of the CETs is discussed in Sections 4.5 of the IPE
submittal. Four different CETs are developed for (1) transients and LOCAs (a "normal” CET), (2) SBO,
(3) SGTR, and (4) ISLOCA. The CETs includes the following top events:

1. Plant damage state,
R %' _§ depressurized before vessel breach,
3. Coolant recovered in-vessel before breach ,
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In-vessel steam explosion,

No vessel failure,

No early containment failure,
Coolable debris formed ex-vessel,
AC power recovered late

No late containment failure,
Fission product removal.

R R

Figures 4.6-1 through 4.6-4 of the submittal show the structures of the four CETs. In general, the CETs
developed in the Waterford 3 IPE are well structured and easy to understand. The top events of the CET

cover the important issues that determine the RCS integrity, containmeat response, and eventual release
from the containment.

Fault trees (called logic trees in the IPE submittal) are used in the IPE to quantify the top events of the
CETs. The logic trees used for CET quantification are very detailed and address all phenomena and
systems important for Level 2 accident progression. The quantification of the basic events in the logic
trees is based on the review of the industry literature and plant-specific analyses using MAAP code.
According to the IPE submittal, the values used in the quantification are “relative values™ meant to
provide insights on containment performance during a sever accident. The basic events are assigned
probability values based on the likelibood of occurrence. For example, a basic event is assigned a
probability value of 0.8 if it is judged likely to occur. In general, the quantification process used in the
IPE is systematic and traceable. Although the values assigned in the IPE seem adequate, their adequacy
cannot be verified in this technical evaluation report because of the limited scope of this evaluation. Some
items that are of interest are discussed in the followiag.

In-Vessel Recovery

The Waterford 3 IPE considers in-vessel recovery due to the injection of low pressure systems after RCS
depressurization. The mechanisms for RCS depressurization considered in the IPE include that from hot
‘leg or surge line creep rupture. Hot leg temperature calculated by MAAP, as well as information
obtained from NUREG-1150, are used in the IPE to determine the probability of hot leg failure. In
additional to the above in-vessel recovery mechanism, the logic trees for in-vessel recovery also include
basic events for RCS depressurization and recovery of injection systems by operator actions. However,
credit is not taken for these eveats in CET quantification.

Besides the recovery of low pressure injection, prevention of vessel breach by ex-vessel cooling is also
considered in the IPE. According to the IPE submittal, the reactor cavity wil! be filled with water prior
to vessel failure in almost all cases. This will submerge the rzactor lower head and may prevent vessel
failure. The probability of successful ex-vessel cooling (such that vessel breach is avoided) is assigned
values of 0.75 to 0.9 in the IPE. A seasitivity study with the probability values changa’' to 0.20 shows
that while the probabilities for both early and late failures increase with the decrease of in-\ essel recovery
by ex-vessel cooling (due to the higher probability of vessel failure), the effect is not significant
(Response t0 RAI Level 2 Question 2).

Early Containment Failure

Early containment failure is defined in the Waterford IPE as that occurs at or shortly after vessel breach
time. The failure mechanisms addressed in the CET logic trees for early containment failure, include:
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In-vessel steam explosion (alpha mode failure),

Ex-vessel steam explosion,

Early leak due to small isolation failure or missiles,

Early rupture due to large isolation failure,

Early rupture due to reactor vessel blowdown (rocket),
Steam overpressure before core melt (no heat removal),
High pressure melt ejection (HPME) effects, such as DCH,
Reactor cavity wall failure, and

Combustion of hydrogen prior to or during vessel breach.

The above list includes all the important early containment failure modes discussed in NUREG-1335.
Quantification of containment failure for the above failure modes is based on data available in the
literature, primarily those associated with NUREG-1150 analyses, and plant-specific results from MAAP
code calculations. Resuits of sensitivity study on some of the mechanisms that involve significant

uncertainties (e.g., hydrogen burn and DCH) are reported in the IPE submittal and the licensee's response
to RAI Level 2 Questions.

There are a few Waterford 3 plant-specific features that may affect the probability of early containment
failure. A key feature of the Waterford 3 reactor vessel is that all core instrumentation is routed from the
tp of the vessel and there is no instrumentation tunnel to provide access from the reactor cavity to the
uppe containment volume. The reactor cavity of Waterford 3 is open to the upper containment through
the vory small annulus between the vessel and the cavity wall and to the steam generator compartments
throug\: the RCS pipe penetrations through the cavity wall. Besides these areas, the reactor cavity also
communicates with the containment volumes through a relatively small tunnel which connects to the
ductwork that provides reactor cooling. This area, according to the IPE, allows the water collected in the
comtainment sump to flood the reactor cavity. In addition to the above plant-specific features, the use of
@ steel shell containment, which is vulnerable to direct attack by the hot core debris, and the greater
amount of Zircalloy in the Waterford 3 fuel assemblies (than in the NUREG-1150 plants), which result
in the production of more hydrogen, are other plant-specific features that may affect the probability of
containment failure.

Of the plant-specific features discussed above, the lack of bottom head penetrations makes a
circumferential failure of the vessel bottom head more likely, and as a result, the challenge to containment
integrity due to high pressure irelt ejection may be more severe. On the other hand, the tight reactor
cavity of Waterford 3 tends w limit the amount of debris expelled to the containment air space. For other
early challenges, the amount of hydrogen in the Waterford 3 containment during a severe accident is
greater than that in the NUREG-1150 containments because of the greater amount of Zircalloy in the
Waterford 3 core assemblies and the longer timw to vessel failure for Waieriord 3 due to the lack of
instrument penstrations in the lower head. The effects of these special features on containment failure are
addressed in the IPE.

Containment Bypass and Induced Steam Generator Tube Ruptwre (ISGTR)

induced SGTR (ISGTR) is considered in the [PE both as a containment failure mechanism
and 2 RCS depressurization mechanism. However, ISGTR as a containment failure mechanism is not
discussed in the IPE submittal, it is discussed in the licensee’s response to RAI (Level 2 Question 6).
*According to the response, a separate SGTR PDS, ot reported in the IPE submittal, is used for ISGTR.
The ISGTR PDS is created in the IPE by performing a logical AND operation of the ISGTR probability
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with the Level | transient sequences that involve high RCS pressure and dry secondary side. Since it is
midmdinlbeﬂ’ﬁlhlitismuchwelikdyumebmlqwﬂlmpmnbdorememgmmr
w,adﬁvdympwkydmembamﬁniuinwkwinlhc[PE.TbeWnerfordSlPE
probability between RCPs running or not running.
thbﬂmn&MMM&ch&M,&eh«h‘dealsoheaupfuter
wlhalberduivepmbabilityofhotlegnmnvmsmhupecwdtoremainlbo:ntheume.

Debris Coolability and Late Consainmens Fallure

mﬁﬂmmedlanhmwmodhmemmmbrmmmﬁﬂuuindude:

Late rupture due to:

. Hydrogen combustion, and
. Reactor cavity wall failure (caused by CCI),

Late Leak due to:

Steam generation,

Non-condensable gas generation,

High temperature failure of elastomer penetration seals, and
Basemat melt-through.

The above list includes all the important late containment failure modes discussed in NUREG-1335.
Similar to early containment failure, quantification of containment failure for the above failure modes is
based on data available in the literature, primarily those associated with NUREG-1150 analyses, and
plant-specific analysis results using MAAP code. Results of a sensitivity study on debris coolability are
reported in the licensee's response to RAI Level 2 Question 11.

hbeWuﬁdelPE,thmhuicmaemdwmmepmblbmﬁuofdwmeoolnbilityunder
the following conditions: HPME, ex-vessel steam explosion (EVSE), and no-HPME and no-EVSE. The
MﬁsofdﬁriscoolabilkymdinlheWuhdSIPEfot&eﬁovemeecondiﬁonsmo.Q 0.5,
and 0.8, respectively. It is therefore assumed in the Waterford 3 IPE that the debris is more likely to be
in 2 coolable condition if HPME and EVSE do not occur. This order is not consistent with that obtained
hmeNUREG-lISOMy.hNURBG-llSO.&eth&emmhyhmnlikdymbe
coolable for HPME and EVSE (0.8 coolable probability) than for cases with no HPME and no EVSE

0.35).

AeoodiutomeWnrfordM,MMHMMMW“MBM&:HPMEMEVSE
bmuﬁumenaionofmedebrhbyHPMEMEVSEmmabfthupinomﬂI
p-ﬁdu,whichangmpdmmahermmawlumﬁammmumﬂyn
hrlnep-tidc.hmmm-llw.hﬁmubmm.mmamrudmmedchr'umide
of the reactor cavity is also considered. In is noted that, in comparison, debris dispersing is more
restricted in Waterford 3 than in the NUREG-1150 plants because of the lack of an instrument tunnel and
a tighter reactor cavity for Waterford 3.

Core concrete imteraction (CCI) occurs if ex-vessel debris is not coolable. The containment failure
mechanisms considered in the IPE for CCl include those associated with non-condensable gas generation
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and basemat melt-through. A containment failure probability of 0.005 is assigned to both of these
mechanisms in the Waterford 3 IPE. According to the licensee's response to RAI (Level 2 Question 11),
the amount of the noncondensable gases generated by CCI is not sufficient to challenge containment
integrity even if the basemat is penetrated, and basemat melt-through is also not likely to occur because

of the thickness of the basemat (about 10 feet above containment liner) and the low penetration depth
predicted by MAAP within 2 24 hour mission time.

The most important late containment failure mode in the Waterford IPE is that by steam generation.
According to the IPE, containment fails by steam pressurization within the mission time if both
containment spray and containment fan coolers fail. Furthermore, the water collected in the reactor cavity
from lost RCS inventory is sufficient to pressurize the containment to failure pressure.

Fission Product Removal

Credit is taken in the IPE for al! fission product removal mechanisms considered in NUREG-1150 (i.e.,
those incorporated in the XSOR code).

2.4.1.3 Containment Fuilure Modes and Timing

The Waterford 3 containment ultimate strength evaluation is described in Section 4.4.2 of the IPE
submittal. The ultimate containment failure pressure for the Waterford 3 IPE is estimated by hand
calculation of stress at 1% strain level and comparison to existing analyses of structural capacity for
similar plants. The ultimate pressure obtained for the Waterford 3 containment is 135 psig. The
containment failure pressure distribution used in the Waterford 3 IPE is a log-normal distribution with
& medium failure pressure of 135 psig and a coefficient of variation of 0.15. -

In comparison with the distributions obtained and used in NUREG-1150, the pressure distribution used
in Waterford 3 IPE is much flatter. The distribution provided in Figure 4.4-1 of the IPE submittal for
failure probability versus pressure (i.e., the fragility curve) is almost linear from 40 psig (approximately
the design pressure) to 135 psig (the mean failure pressure). The use of this distribution seems to
contribute to the relatively high containment failure probability for early containment pressure loads
predicted in the IPE. For example, according to Table 4.6-3 of the submittal, the containment failure
probability is 0.286 for a containmeat pressure load of 89 psia. According to the licensee's response to
the RAI (Level 2 Question 7), a change to the probability curve was made subsequent to the submittal
of the IPE, and the new curve is more consistent with that used in NUREG-1150 and other IPEs.
According to the new curve, the containment failure probability for a 89 psia pressure load is 0.005. The
licensee's response to the RAI also presents the containment failure results (in terms of containment
release category, CRC) obtained from the use of the revised distribution curve. (The containment failure
distribution provided in the licensee's response to RAI Question 7 is incoirect. The correct distribution
is provided in the licensee’s response to a follow-up RAlL)

The containment failure pressure obtainad in the Waterford 3 IPE and the revised distribution curve
reported in the RAI response seem to be consistent with those obtained in other [PEs. The original
distribution curve presented in the [PE submittal seems to be overly pessimistic in predicting containment
overpressure failure probabilities.
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2.4.1.4 Contairnement Isolation Failure

Containment isolation failure is evaluated in the Waterford 3 CET under top event CFE (Containment
fails early) and is addressed in the associated logic trees. It is stated in the submittal that "The probability
hmwwmm:mhkmﬁﬂmwwummiom.' (p4.6-7) However,
the fault trees for isolation failure are not provided and details are not discussed in the IPE submittal.

According to the IPE submittal, both small and large isolation failure are considered in the IPE. The
main small isolation problem is the failure to close small valves, e.g., the primary sampling system
containment isolation valves. Overall, the probability of small isolation failure is less than 2E-5 per year
(1.88E-S in the IPE). Large isolation failures include containment penetrations that are 2 inches in
diameter or larger. The dominant large isolation problem is mechanical failure of the penetration itself.
A conservative high screening value of 1E-3 per year is used in the IPE.

Since details on containment isolation failure are not preseated in the IPE submittal, a question is asked
in the RAI (Level 2 question 10). In the response to this RAI question, the licensee discusses the analysis
of containment isolation failure performed in the Waterford 3 IPE in terms of the five areas identified
in the Generic Letter. According to the descriptions provided in the IPE submittal ana the licensee’s
response to the RAI, all five areas identified in the Generic Letter regarding the evaluation of containment
isolation failure are addressed in the IPE.

2.4.1.5 System/Human Responses

Although the logic trees include basic events for RCS depressurization and recovery of injection systems
by operator actions, credit is not taken for these events in the CET quantification. On the other hand, AC
power recovery is the primary reason that only 50% of all SBO sequences result in containment failure.
In the IPE, the values used for power recovery are based on the same AC power recovery curve used
in the Level 1 analysis. For the Level 2 analysis, two additional decisions are included in the SBO CET
for (1) AC power recovery before vessel breach, and (2) AC power recovery before containment failure
The treatment of the additional time for AC power recovery in the IPE seems reasonable.

2.4.1.6 Radionuclide Release Characterization

The end states of the CET (defined & containment release categories, or CRCs, in the Waterford 3 IPE
submittal) ase discussed in Section 4.6.4 of the IPE submittal. The following issues are used to define
a CRC:

Did the reactor vessel remains intact?

Did HPME occur at vessel breach?

Did the containment fail at all?

Did the containment fail any time before, or soon after vessel breach?
Did the containment fail long after vessel breach?

Was the containment failure sudden or gradual, i.e., a leak or a rupture?
Was any ex-vessel debris cooled?

Did sprays wash fission products out of the containmeat atmosphere?

o ah b b b o ok o

" These cover the vessel failure status, the containment failure mode, CCI, and fission products scrubbing
by containment sprays. A total of 76 CRCs are defined in the IPE (Table 4.7-2 of the submittal) and
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source terms are defined for 60 CRCs (Table 4.7-3). CET results show 11 CRCs with non-zero
frequencies (Table 4.8-1). From the description provided in the IPE submittal it seems that the CET end
state grouping for source term definition in the Waterford 3 IPE is adequate.

The CET quantification results provided in Table 4.8-1 of the IPE submittal show 11 CRCs. Among the
11 CRCs are one bypass CRC, which can be further divided to one CRC with SGTR and another with
ISLOCA, 4 early failure CRCs, 5 late friiure CRCs, and one no failure CRC. The percentage
contributions of these CRCs tc tae val ~OF are 46% for no failure, 20% for late failure, 26% for early
failure, and 8% for bypass failu:. Fur bypass failure, the conditional probability of SGTR is about 5%,
primarily from SGTR as an initiating event, and the conditional probability of ISLOCA is 3%.

Source terms for the CET end states are determined by accident progression analyses using a method
similar to that used in NUREG-1150 studies. Source terms obtained in the IPE are presented in Tables
4.7-3 and 4.8-3 of the IPE submittal. Source terms are presented in these tables in terms of release
fractions noble gases, lodine, Cesium, Tellurium, and Strontium.

The release fractions predicted in the IPE for the SGTR sequences (CRC DP-ESA) are much less than
those for some early failure sequences. This is because of the assumed availabil.ty of water scrubbing for
the SGTR sequences in source term calculation. Since water scrubbing may not be available for all SGTR
sequences, the release fractions reported in the submittal for SGTR sequences raay not be adequate for
some SGTR sequences. According to the licensee's response to RAI (Level 2 Question 16) there are
SGTR sequences where water scrubbing is not available, and contribution fron: these SGTR sequences
is not significant. However, quantitative data on the relative contributions from the different SGTR
sequences are not provided in the response. Since the release fractions for the SGTR sequences without
water scrubbing are expecied to be much greater than those with water scrubbing, the omission of the
source term for SGTR without water scrubbing is very optimistic. Although it is not a significant problem
in the present IPE because of their small frequencies in comparison with those of other sequences that
have large releases (e.g., ISLOCA), it is a deficiency nonetheless. It would be desirable to divide the
SGTR CRC to two CRCs with and without water scrubbing and to obtain the source terms for both of
them. This would assure that significant information is not lost in the IPE process in the future IPE
update.

2.4.2 Accident Progression and Containment Performance Analysis
2.4.2.1 Severe Accident Progression

In the Waterford 3 IPE, the MAAP code was used to develop information to assign basic event and
containment failure probabilities. The sequences that are calculated by the MAAP include those
associated with (1) large break LOCA, (2) small break LOCA, (3) total loss of feed water, and (4)
containment bypass. In general, the sequences selected for MAAP calculations are the dominant Level
1 sequences in the PDSs. According to the licensee’s response to RAl (Level 2 Question 3), there is not
much difference in the Level | sequences within a PDS because of the way the Waterford 3 PDSs are
constructed.

The sequences selected for source term analyses and the source terms definition used in the IPE seem w0
be adequate.
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2.4.2.2 Dominant Contributors: Consistency with [PE Insights

Containment release categories (or containment failure modes) and their frequencies obtained from the
Waterford 3 CET quantification are discussed in Section 4.8 of the submittal. Table 10, below, shows
a comparison of the conditional probabilities for the various containment failure modes obtained from the
Waterford 3 IPE with those obtained from the Surry and Zion NUREG-1150 analyses.

Two sets of data are presented in Table 10 for Waterford 3: one from the IPE submittal based on the
us of a very conservative containment fragility curve, and the other from the licensee's response to the
RAI using a revised containment fragility curve more consistent with those used in other IPEs.

Table 10 Contsinment Failure as & Percentage of Total CDF

Early Failure
Late Failure
Bypass

Isolation Failure

I T

- The dats presented for Waterford 3 are based on Table 4.8-1 of the IPE submuttal.

4+  Duta presented in this colump are those obtained from using & revised containment fragility curve
(reported in the response % & follow-up RAI).

. Included in Early Failure, approximately 0.02%.

L Included in Early Failure, approximately 0.5%.

aad Included in Early Failure, sapproximately 0.1%.

As shown in the above \uable, the conditional probability of containment bypass for Waterford 3 is 8%
of total CDF. Of the 8% bypass probability, 5% comes from steam generator tube rupture and 3%
comes from ISLOCA. The contribution from ISGTR is small and not reported separately in the IPE
submittal .

The conditional probability of early containment failure presented in the IPE submittal is about 26% (of
total CDF). the major threat to early containment failure is a loss of containment heat removal during an
uccident where the RCS is at high pressure. Since the containment is at elevated pressure due to steam
generation a high pressure melt ejection (HPME) can challenge containment integrity. This scenario
occurs during SBO and small LOCA with loss of both safety injection and containment heat removal
(CHR). Of the 26% early failure probability, over 13% is from SBO sequences and over 11% is from
small LOCA sequences. On a conditional basis, sbout 35% of SBO sequences result in early failure and
shout 30% of small LOCA sequences ~esult in early failure. According to the licensee's response to RAI
follow-up questions, although the probability of early containment failure is significantly reduced by the
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use of a revised containment fragility curve (from 26% to 4%), the dominant sequences that lead to early
containment failure remain the same as that described in the [PE submittal.

The conditional probability of late containment failure presented in the IPE submittal is 20%. The major
contributor to late containment failure is steam overpressurization when CHR is lost. SBO does not
contribute as much to late containment failures because of the high likelihood of AC recovery (before
containment failure). Of the 20% late failure probability about 15% is from small LOCA, 4% from SBO,
and 1.3% from other transients. On a conditional basis, about 39% of small LOCA sequences, 12% of
large LOCA sequences, 10% of small LOCA sequences, and 9% of other transients result in late failure.
According to the licensee's response to the RAI, the conditional probability of late containment failure
increased from 20% to 25% when the revised containment fragility is used. .Since detailed data are not
provided in the kAl responses, contributions from the various accident sequences to late containment
failure cannot be obtained. It seems that the increase in late coniainment f=ilure probability is primarily
due o the decrease of early containment failure probability, and the dominant sequences that lead to late
containment failure remain the same as that described in the IPE submittal.

2.4.2.3 Charscterization of Containment Performance

As shown in Table 2, for Waterford 3 Steam Electric Station, the core damage frequency (CDF) is lower
than that obtained in NUREG-1150 for Zion and Surry. Except for early containment failure, the
conditional probability of other containment failure modes are consistent with those obtained in
NUREG-1150 for Surry and Zion. The high early failure probability can be partially attribured to the
more pessimistic containment failure probability distribution used in the Waterford 3 IPE.

The C-Matrix, which shows the conditional probabilities of CET end states (or containment failure
modes) for the plant damage states (or PDSs), can be obtained from the data presented in Table 4.8-1.

2.4.2.4 Impact on Equipment Behavior

The efticts of harsh environment conditions on the operation of containment fan coolers are addressed
“in the I)’E by a few basic events in the CET logic trees. The conditions that are considered in the IPE
for the operation of fan coolers include those due to hydrogen burns, HPME, and post core uncovery
enviroument. The effect of environmental conditions on containment spray is also considered in the IPE,
but its effect is considered only for the determination of fission product removal and not for late
ontainment failure. According to the licensee's response to RAI (Level 2 Question 12), the failure of
sontzinment spray due to harsh environmental conditions is considered credible only very late in an
1ccident in the fission product release phase. It is not considered for debris cooling and containment
foilure because the harsh environment is not expected to affect the CS pipe until the stress forces have
wurked on the pipe for a long time.

2.4.2.5 Un-ertainties and Sensitivity Analysis

Sensitivity studies are discussed in Section 4.9 of the IPE submittal. The sensitivity studies provided in
the IPE submifial sddress the uncertainties associated with the following phenomena:

. Higo temperature rupture of the bot leg during medium pressure scenarios,
. Ex-vessel cooling,
. Ultimate containment pressure,
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. Reactor cavity wall structure failure during HPME, and
. Frequency of dominant PDSs [H and SBO.

In addition to the above sensitivity analyses, Waterford 3 also performed some sensitivity analyses with
the MAAP code to ensure that a broad spectrum of possible outcomes were covered (p4.2-3). The issues
that were investigated by MAAP analyses inciude (1) in-vessel hydrogen production, (2) direct
containment heating, (3) debris bed coolability, and (4) vessel failure penetration radius. General results
of these sensitivity analyses are discussed in Section 4.2.3 of the IPE submittal. Results from the
mhivkymmm.ﬂdhhembmhﬂmsbow&emﬁﬂyofindividnﬂ issues on some
comtainment parameters (e.g., the uncertainty of DCH on containment pressure load). Recognizing the
umhmmmmmmmmmmmmmumm,
Wlmd3mwmmkmmdymwmmmwwmuahmdspmm
of muemmm(po.zs).mmn:nmwm by IAAP analyses
include (1) in-vessel hydrogen production, (2) direct containment heating, (3) debris bed coolability, and
(4) vessel failure penetration radius. General results of these sensitivity analyses are discussed in Section
4.2.3 of the IPE submittal. Results from the sensitivity cases are presented in the submittal to show the
uncertainty of individual issues on some containment parameters (e.g., the uncertainty of DCH on
containment pressure load). However, their effects on containment release profiles are not discussed in
the IPE submittal but are addressed in the licensee's responses to RAI questions. Additional sensitivity
analyses reported in the licensee’s response to RAI questions include those associated with the challenges
to containment integrity by hydrogen combustion, DCH, ex-vesssl debris coolability, and hot leg creep
rupture for high pressure scenarios.

The sensitivity studies prwided in the Waterford 3 IPE seem to have addressed the issues of significant
uncertainties in the IPE analysis.

2.5 Evaluatioh of Decay Heat Removal and Other Safety Issues

2.5.1 Evaluation of Decay Heat Removal
+2.5.1.1 Examination of DER

The IPE addresses decay heat remoyal (DHR). DHR is defined as those systems required for primary
and secondary inventory control and heat transfer from the RCS to an UHS following shutdown of the
reactor for transients and small LOCAs. Several methods of DHR are meationed, including the main
feedwater system, the auxiliary feedwater system, the EFW system, the condensate system (in conjunction
mmwmmmmmmmmmw«kmsm)mnm, for
small LOCA inventory control.

DHR function loss contributes 1.4.E-S/yr to the CDF and is thus below the 3.0E-5/yr criterion used to
define acceptably low DHR failure frequeacies in NUREG-1289.

Contribution 1o DHR-o0ss CDF from the DHR frontline systems and their support systems is calculated
and presented in RAI responses. Coatribution of components and support systems to each DHR system’s
unavailability is not calculated or readily svailable. The DHR system contribution to DHR loss CDF is
as follows (not including support system failure): EFW (40.2%), HPSI (19.8%), MFW (0.6%), main
steam (0.1%) and charging (0.1%). The support system contribution is as follows: AC power (68.1%),
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ACCW (15.1%), CCW(13.9%), HVAC (8.2%), DC power (2.2%), ESFAS (2.2%) and instrument air

(0.2%). These percentages from RAI responses are somewhat at odds with Figure | as far as absolute
pumbers are concerned.

2.5.1.2 Diverse Means of DHR

The IPE evaluated the diverse means for DHR, including: MFW, AFW, EFW, condensate, steam relief,

HPSI and charging. Cooling for the RCP seals was taken into account. In addition, containment cooling
was addressed.

2.5.1.3 Unigue Features of DHR

The unique features of Waterford 3 that pertain to the DHR function are as follows:

There is no feed and bleed capability at this plant. No pressurizer PORV exists and the
HPSI/charging pumps do not have the requisite head to lift the safety valves.

The turbine driven main feedwater pumps will continue to run for most transients, as the pump
flow output is automatically matched to the decay heat level.

There are two motor driven (capacity 350 gpm each) and one turbine driven (capacity 700 gpm)
EFW pump. The EFW system is automatically started and controlled. In addition, a manually
started AFW pump is also available, should the other three pumps fail (the AFW pump is
normally used during startup/shutdown operations). According to the submittal and the RAI
responses, the turbine driven EFW pump can be expected to continue o operate with low quality
steam or even water at the turbine inlet. However, this is not credited in the analysis, and the
TDEFW pump is assumed failed at the time of battery depletion.

The normal EFW suction source is the inventory in the condensate storage poo! (CSP), good for
about 10 hours. A backup supply are the two wet cooling tower basins, each holding about the
same amount of water as the CSP. A third option is the non-seismically qualified condensate
storage tank (CST) and its transfer pump.

The EFW control valves fail open on loss of instrument air, and there is also a backup niticgen
accumulator supply in case of loss of instrument air. The turbine driven EFW pump does not
require room cooling (according to calculations, RAI responses), whereas the motor driven EFW
pumps do.

Apparently the TDEFW pump can operate with Iow quality steam or even water at the turbine
inlet. This is not credited in the analysis.

The DC battery (battery AB) supplying control to the TDEFW pump has a SBO depletion time
of 4 hours with proceduralized load shedding (I bour without load shedding), according to the
submittal. Since the IPE, the safety related batteries have been replaced with higher capacity
batteries (to allow for aging), and a new non-safety battery has been installed to take up the non-
safety loads serviced by the AB battery. These modifications have extended the AB battery
depletion time to 6 hours.

47



Condensate pumps may be used to provide feedwater to the steam generators, provided the

secondary system has been depressurized to 500 psia. There are three parallel condensate pumps.
The condenser hotwells have enough inventory to supply the condensate pumps for 24 hours.

There are multiple pathways for secondary steam relief: 6 turbine bypass valves, 2 atmospheric
dump valves and 6 safety relief valves.

The RCP seals are the Byron Jackson type, which according to the submittal can sustain loss of
CCW for 30 minutes (verified by tests), without tripping the RCPs; the operators are instructed
to trip the RCPs immediately upon loss of CCW. CCW cooling is the only type of cooling for
these seals (no seal injection provided). Because of the 4 stage seal design, and the new resistant
mauidﬁxuﬂﬁes,nomm.dfnﬂnmﬁ.e.,iniﬁnin;evemsull.OCA)mmmed
possible with these seals (consequential failures are allowed).

There are three trains of HPSI, CCW, AC safety buses and DC safety buses. The AB buses and
AB trains are functionally related, e.g., the AB train of CCW cools the AB train of HPSI, and
both are supplied AC power from the AB safety bus. The third HPSI pump must be manually
started on SI.

There are also three trains of HVAC chillers. The charging pumps also have three trains (these
are considered in the PRA analysis to feed the auxiliary pressurizer spray, for emergency boration
in ATWS and for RCS inventory control in an SGTR). Other safety equipment has two trains.
The two trains of the instrument air compressors are backed up by the three trains of the station
air compressors (see below).

There are two EDGs. The EDGs need cooling by CCW, veatilation by dedicated fans and DC
power provided by the station batteries. A diesel compressor has been added to the plant post-
IPE, to help in case of problems with startup compressed air.

There are three plant batteries, A, B, and AB. The AB battery is used for TDEFW pump control
in SBO conditions. As stated above, the capacity of this battery has been increased and a non-
safety battery added to pick up non-safety AB loads, such that SBO depletion time of this battery
is pow 6 hours. The A and B batteries have also been similarly affected, such that their SBO
depletion time is now 4 hours even without load shedding. Each battery is supported by two
chargers.

There is no service water system at this plant. Instead, the ultimate heat sink is provided by the
dry cooling towers. As there are multiple fans in the towers, they can be maintained piecemeal,
such that maintenance would not disable the whole tower (although in the IPE it is conservatively
assumed that it does). Also, in case of increased demand (depending on air temperature) and
during normal operation there are additional wet cooling towers which are used to increase the
beat rejection capacity. The IPE assumes that the wet cooling towers are needed in case of &
LOCA, when several tvpes of safety equipment may be operating simultaneously. The system
which cools the CCW system and rejects the heat to the wet cooling towers is known as the
suxiliary component cooling system (ACCW), and is only needed in case of LOCAs, as far as the
IPE is concerned. This system has two pump trains and two wet cooling towers.



The CCW is needed to cool the HPSI pumps, the LPSI pumps, containment sprey pumps,
shutdown heat exchangers (also used for containment spray recirculation cooling), containment

fans, the emergency diesel generators and the central chillers used to provide HVAC cooling for
several plant areas.

The instrument air system is mecessary for operation of the MFW system and the normal
pressurizer spray (but not the auxiliary spray, supplied by the charging pump). All the other
important systems (EFW, CCW, ACCW, containment sump recirculation valves) are provided
with a backup air or nitrogen accumulator system. There are two instrument air compressors, of
which one is sufficient to supply the requisite loads in an intermittent type of operation. In case
of failure of both compressors, a cross tie to the station air system automatically opens; the station
air has three compressors. Therefore the compressed air system seems to be relatively reliable
and the systems affected are relatively few.

Room cooling or ventilation is needed for several important systems: HPSI (not needed during the
RWSP injection phase due to the low temperature of the water pumped), LPSI (not needed during
the injection phase), containment sprays (not needed in the injection phase), MDEFW pumps,
normal pressurizer sprays, emergency diesel generators and the CCW pumps.

The switchover to recirculation is automatic. However, the operator must manually close the
RWSP (refueling water storage pool) suction valves at that time.

The recirculation spray (using the CSS pumps aligned to the containment sump and the shutdown
heat exchangers) is necessary to provide cooling of the containment sump water.

LPSI is automatically stopped on switchover to recirculation and HPSI is automatically aligned
to the sump (along with the CSS) even if a LPSI operated in the injection mode, and even though
LPSI path for recirculation (through the shutdown heat exchangers) exists. The reason is that the
LPSI pumps may cavitate when simultaneously taking suction from the containment sump with
the containment spray pumps. Since the IPE, a hardware modification has been implemented such
that the LPSI pumps can be used to provide the recirculation spray in case of failure of the spray
pumps. -

2.5.2 Other GSIs/USIs Addressed in the Submittal

No other USIs and Gls are addressed in the submittal.

2.5.3 Response to CPI Program Recommendations

The CPl recommendation for PWRs with a dry containment is the evaluation of containment and
equipment vulnerabilities to localized hydrogen combustion and the need for improvements. Although
the effects of hydrogen combustion on containment integrity and equipment are discussed in the submittal,
the CPI issue is not specifically addressed in the submittal. More detailed information on this issue is
provided in the licensee’s response to the RAI (Level 2 Question 13). According to the response,
although no containment walkdowns were conducted specifically for Level 2, the Waterford 3 PSA staff

bas made many trips into the containment and has a good understanding of the geometry of the
containment.
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According to the response, the Waterford 3 containment is a very open design that is not
compartmentalized, and with the possible exception of the reactor cavity, all parts of the containment
atmosphere are expected to be well mixed during an accident scenario. The reactor cavity is the only
relatively enclosed volume in the containment. Since the reactor cavity volume is surrounded by thick
reinforced concrete walls sized to withstand a large break LOCA blowdown and since no equipment is
located in this zrea, hydrogen combustion in the cavity is not expected to affect any safety significant
equipment. Additionally, according to the response, hydrogen detonation is not believed to be likely in
the Waterford 3 containment. As can be seen in the above description, the discussions provided by the
licensee on this issue is qualitative in nature, no quantitative information is provided in the discussion.

2.6 Vulnerabilities and Plant Improvements

The vulnerability criteria used for the IPE by the licensee are as follows:
1) A mean core damage frequency of 1.E-4/yr or greater for any sequence.
2) A sequence that contributes more than 50% to the total CDF.

3) A single failure or a common cause failure or an operator “ailure which has an unusual
or significant efiect on the CDF.

4) A support system failure which causes muitiple frontline system failures and thereby has
an unasual or significant effect on the CDF.

Based on these criteria no vulnerabilities were found.

The IPE did not take credit for any potential improvements. The potential improvements shown below

(except for LPSI employment for recirculation spray which has been implemented) have not been

evaluated ye, but are scheduled for di-position within the framework of the severe accident management
»guideline preparation effori, scheduled for completion by summer of 1997,

No impact on the CDF of any improvements has been evaluated.
The following are the improvements considered as a result of the IPE:

Hardware:

1) Install 2 portable generator to charge the AB battery. This will reduce SBO contribution
from depletion of this battery which is used to control the TDEFW pump.

2) Provide feedwater from the fire protection system to the steam generator. The fire
protection system bas its own diesel driven pumps. During SBO or total loss of
feedwater, this system could be used provided the SG were depressurized to below 200
psia, the shutoff head of these pumps.



Operating procedures:

)

2)

3)

4)

Provide additional chiller/HVAC failure guidance. Room cooling is important as a
contributor to the CDF and because it cools HPSI and EFW (MD) pumps. The failures
are typically slow acting so the operators have time to respond. Therefore additional
guidance may insure 2 timely response.

Cross-tie of AC power trains. Proceduralize the cross-tie between the A and B trains
(hardware siready exists). Drills have demonstrated the pertinence of this type of
recovery. A procedure will make it easier to accomplish it in a shorter time.

Enhance refill of the CSP. CSP drawdown is an important contributor. Emphasizing the
need to monitor level and makeup frowa the wet cooling tower basins or the CST will help
prevent this from being a contibutor.

Add guidance for aligning LPSI pump for containment spray. Containment cooling is
needed in the recirculation phase to insure NPSH of recirculation pumps. Hardware
eonneaiomexinforl?SlmnkeovumemircmyﬁmcﬁonlnmeofCSS pump
failure, however, currently, LPSI pumps are disabled from recirculation. This is because
they would cavitate if operated together with the CSS pumps to take suction from the
containment sump. Since in this case CSS pumps are not svailable, LPSI pumps can take
over to provide CHR. This procedure guidance has already been implemented.

The following changes w..ce made in response to the SBO rule:

)

2)

3)

4)

Stripping of DC loads was added to the procedure for SBO coping. This stripping allows
the AB battery to last 4 hours. This was credited, but not analyzed in the IPE (i.e., no
HEPs assigned),

All three safety batteries were replaced with batteries of increased capacity to allow for
aging. This was not credited;

A new non-safety battery was installed in the turbine bidg to remove non-safety loads
from the AB battery. This change greatly increases the duration of the AB battery in SBO
conditions. This was not credited (came after [PE submittal);

Thermometers were installed in certain plant areas to confirm the initial temperature
assumed in SBO calculations. This change does not affect the IPE;

A diesel power air compressor was installed which allows recharging of the EDG air
starting system. Starting air can be suppliad to restart the EDG if previous starting
attempts have exhausted the compressed air suppiy from the starting system. -

No CDF impact of these changes is evaluated.
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The following additional back end potential plant improvements are discu.ised in the IPE submittal:

1. Enhance communication between sump and cavity — A hardware change (e.g., removal the door
inthecavitycooliuduawork)mybepufomedmincnuetbeﬂowof:hewwinthe
containment sump to the reactor cavity.

3 Provide water from the fire protection system to the containment sump — This can Provide water
umermmkywpmunvmuuchbydlowiuawusdwoliu.
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3. CONTRACTOR OBSERVATIONS AND CONCLYISIONS

Based on the Level | review of the Waterford 3 IPE the licensee appears to have analyzed the design and
operations of Waterford 3 to discover instances of particular vulperability to core damage. It also appears
that the licensce has: developed an overall appreciation of severe accident behavior; gained an
understanding of the most likely severe accidents at Waterford 3; and implemented changes to the plant
t0 help prevent and mitigate severe accidents. It is not clear that quantitative understanding was gained
by the licensee due to a number of data problems (see below).

Strengths of the Leve! 1 IPE are as follows: Thorough analysis of initiating events and their impact,
descriptions of the plant responses, modeling of accident scenarios, generally reasonable failure data and
common cause factors employed and usage of plant specific data where possible to support the
quantification of initiating events, diesel generator failures and component maintenance unavailabilities.
The flooding analysis seems to have been reasonable and thorough. The effort seems to have been evenly
distributed across the various areas of the analysis. The documentation was usually good, and reasonable
effort was made to provide RAI responses. Some pessimistic assumptions were employed to offset some
of the optimistic aspects of the analysis.

The weaknesses were in using seemingly low values for some important data: LOOP and small LOCA
initiating event frequencies, power recovery curve, somewhat low CCF for MDEFW pumps and omission
of some CCFs. The TDEFW run failure number is low compared to the NUREG/CR-4550
recommended value. Shedding of DC loads was not modeled. There is uneven modeling of common
cause failures and some common cause feilures are omitted from the analysis: It is not clear if CCF of
all three HPSI pumps or all three CCW pumps was considered. HVAC modeling of the shutdown heat
exchanger room is not clear. These comments may have a moderate to large (in case of power recovery
factors) impact on the results. However, they may be somewhat offset by some pessimistic assumptions:
EDG run failure occurs at the beginning of the SBO, no credit for TDEFW operation with water at inlet,
large maintenance unavailaiblity of the dry cooling tower, and no credit for recent battery upgrades such
that low shedding may not be required.

The IPE determined that failures in the AC power, EFW, ACCW, HPSI, CCW and HVAC dominate the
risk profile. Loss of offsite power and small LOCA account for about 80% of the total CDF. SBO
accounts for about 38% of the CDF. The CDF is dominated by 5 accident sequences (not accounting
the ISLOCA which contributes about 3%).

The HRA review of the Waterford 3 IPE submittal and a review of the licensees responses to HRA
related questions asked in the NRC RAI, revealed several weaknesses in the HRA as documented. In
general, a viable approach (the Dougherty and Fragola method) was used in performing the HRA, but
several weaknesses in how the analysis was conducted (or at least in the licensees documentation of the
conduct of the analysis) were identified. While the weaknesses are not severe enough to conclude that
the licensees submittal failed to meet the intent of Generic Letter 88-20 in regards to the HRA, they do
suggest the licensee may not have learned as much about the role of humans during accidents as would
have been possible. Important elements pertinent to this determination include the following:

1)  The submittal indicates that utility personnel were significantly involved in the HRA. Regarding
the IPE HRA representing the as-built, as-operated plant, the submittal states that “the HRA task
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2)

3)

4)

5)

6)

served as an integral advisor to other project tasks to assure that relevant human interactions were
identified and properly incorporated into the logic models.” The HRA task was involved during
initial sequence and modeling efforts and “during this period had the opportunity to review plant
and system design information and become familiar with the control room and related operating
procedures.” While simulator exercises were not conducted, the statements discussed above
suggest that the HRA analyst was significantly involved throughout the modeling effort. Thus,
it appears that steps were taken to assure that the HRA represented the as-built, as-operated plant.
However, documentation of HRA related walkdowns and observations of simulator exercises
would have strengthened the notion that a visble process was used.

The submittal indicated that the analysis of pre-initiator actions included both miscalibrations and
restoration faults. An acceptable, but potentially optimistic analysis was conducted Eveats found
to be potentially risk significant were analyzed in detail using an “SAIC™ method that is “a
variant on THERP and is similar to the ASEP HRA procedure.

The major limitation of the post-initiator analysis concerns the extent to which piant-specific
factors were considered. While the model itself provides reasonable mechanisms for addressing
relevant plant - specific factors, on the basis of examples provided, it would appear (hat many of
the parameters were left at their default values and that potential PSFs were not carefully
considered. The resulting analysis therefore appears to be “generic” rather than plant-specific and
may or may not adequately represent the plant.

Consideration of dependencies between separate tasks was essentially treated by assuming that they
are independent. The licensee argues that "between separate tas * independence is provided
because many of the tasks are performed by different people, an’  zre is separation in time or
*cognitive space”, i.e., cues are independent enough to force subscquent diagnosis.” The licensee
further states "that context effects were handled "»y lumping the different sequences into one
event." “This is done by using a sum averaye *ine for the available time parameter for events
that are sequence dependent.” These statements apparently reflect a “bounding”™ approach that
could lead to pessimistic or optimistic J4EPs, depending on the circumstances.

A list of important human actions based on their contribution to core damage frequency was
provided in the submittal. -

The HRA portion of the flooding analysis appeared reasonable and thorough..

The IPE uses small containment event trees (CETs) for Level 2 analysis. The quantification of the CET
in the Waterford 3 IPE is based on review of industry literature and plant-specific calculation using the
MAAP code.

The interface between the Level 1 and Level 2 analyses is accomplished by the development of a set of
10 plant damage states. The Level | core damage sequences are grouped in the plant damage states based
on RCS pressure, core melt timing, and the availability of containment mitigating systems. Separate CETs
are used for bypass PDSs, SBO PDSs, and other PDSs. The definition of the PDSs for the Level 1 and
Level 2 interface seems adequate. The CETs used in the IPE provide a reasonable coverage of the

important back-end phenomena. The quantification of the CETs also seems adequate.



The important points of the technical evaluation of the Waterford 3 IPE back-end analysis are summarized

below:

The back-end portion of the IPE supplies a substantial amount of information with regards to the
subject areas identified in Generic Letter 88-20.

The Waterford 3 Steam Electric Station IPE provides an evaluation of all phenomena of
importance to severe accident progression in accordance with Appendix 1 of the Generic Letter.

The high early containment failure probability obtained in the Waterford IPE submittal is partially
due to the use of a2 conservative containment fragility curve. The conditional early failure

probability is reduced from 26% to 4% when a revised fragility curve more consistent with those
used in other IPEs is used.

Despite the use of a 24 hour mission time late containment failure occurs if both containment
spray and containment fan coolers fail. On the other hand, because of the use of a mission time,
the probabilities of containment failure by noncondensable gases and basemat melt-through are
assumed to be low even if the debris is not coolable.

The IPE has identified a plant-specific reactor cavity configuration feature that may affect accident
progression. Based on the IPE, it is recommended that the communication between sump and
cavity be enhanced. This may be achieved by removing the door in the cavity cooling duct work
to increase the flow of the water in the containment sump to the reactor cavity.
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