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U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, D.C. 20555

Gentlemen:

In the Matter of the Application of
Tennessee Valley Authority

WATTS BAR NUCLEAR PLANT (WBN) UNIT 1
PLANT EXAMINATION (IPE) - RESPONSE
INFORMATION (RAI) AND SCHEDULE FOR THE

) Docket Nos. 50-390

- GENERIC LETTER 88-20 - INDIVIDUAL
TO NRC'S REQUEST FOR ADDITIONAL
IPE UPDATE (TAC NO M74488)

This letter provides a response to the NRC's RAI dated August
concerning the subject generic letter for WBN. The extended due
December 31, 1993, was coordinated with the NRC Project Manager,

20, 1993,
date until
P. Tam.

Enclosure 1 provides a response to each of the NRC's questions. Enclosure
2 provides corrected pages from the WBN IPE submitted on August 31, 1992.
As the NRC is aware, TVA is currently preparing an update to the WBN IPE.
However, the enclosed RAI questions are concerned with modeling, methodology
and bases for preforming the orginal IPE. Design changes, upgrade to the
MERITS Technical Specifications, and other improvements since the orginal IPE
were not considered for this response. TVA is providing a response to each
of the NRC's concerns based on preparation of the orginal WBN IPE.

On November 10, 1993, TVA met with the NRC to discuss the preliminary results
of the IPE Update. TVA also indicated that the update would be submitted to
the NRC by December 31, 1993. During the meeting, the NRC provided comments,
suggestions, and insights regarding the information contained in TVA's
presentation. As a result of that feedback, TVA has decided to evaluate the
scope of the updated IPE and revise, as appropriate, to reflect the NRC's
comments. Because of this additional review, TVA's current schedule for
submittal of the IPE Update is April 29, 1994.
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Enclosure 3 list the commitment identified in this letter. If you should
have any questions, contact J. Vorees at (615)-365-8819.

Very truly yours,

William J. Museler

Enclosures
cc (Enclosures):

NRC Resident Inspector
Watts Bar Nuclear Plant
Rt. 2, Box 700
Spring City, Tennessee 37381

Mr. P. S. Tam, Senior Project Manager
U.S. Nuclear Regulatory Commission
One White Flint North
11555 Rockville Pike
Rockville, Maryland 20852

U.S. Nuclear Regulatory Commission
Region II
101 Marietta Street, NW, Suite 2900
Atlanta, Georgia 30323
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ENCLOSURE 1

LIST OF ACRONYMS

ACAS
AFW
AMSAC
AOI
ARF
ARI
ATWS
BMT
C-S
CAS
CET
CCP
CCS
CCSTL
CDF
CHR
CVCS
DCH
DHR
ECA
ERCW
EPRI
ESD
FHI
FLTB
FSAR
HRA
HVAC
IC
IPE
LOCA
MFW
MSIV
PDS
PLG
PORV
PRA
PWR
RAW
RCCA
RCP
RCS
RHR
RWST
SG
SGTR
SI
SI
SRV

i

Auxiliary Control Air System
Auxiliary Feedwater
ATWS Mitigation System Actuation Circuitry
Abnormal Operating Instruction
Air Return Fans
Annunciator Response Instruction
Anticipated Transient Without Scram
Basemat Melt-Through
Common-Spare
Control Air System
Containment Event Trees
Centrifugal Charging Pump
Component Cooling Water System
Total Loss of CCS Initiating Event
Core Damage Frequency
Containment Heat Removal
Chemical Volume Control System
Direct Containment Heating
Decay Heat Removal
Emergency Contingency Actions
Essential Raw Cooling Water
Electrical Power Research Institution
Event Sequence Diagrams
Fuel Handling Instruction
Flood in Turbine Bldg Initiating Event
Final Safety Analysis Report
Human Reliability Analysis
Heating, Ventilation, and Air Conditioning
Ice Condenser
Individual Plant Examination
Loss of Coolant Accident
Main Feedwater
Main Steam Isolation Valve
Plant Damage State
Pickard, Lowe and Garrick, Inc.
Power Operated Relief Valve
Probabilistic Risk Assessment
Pressurizer Water Reactor
Risk Achievement Worth
Rod Control Cluster Assembly
Reactor Coolant Pump
Reactor Coolant System
Residual Heat Removal System
Refueling Water Storage Tank
Steam Generator
Steam Generator Tube Rupture
Safety Injection System
Surveillance Instruction (when used as procedure)
Safety Relief Valve



Enclosure 1

NRC Review Question GEN 1:

The IPE submittal described various reviews performed by different review teams as well
as the areas of review. It concluded that the peer review did not identify major findings.
However, details of the results of the review results are not included in the submittal.
Provide the results of the review, consistent with Section 2.4 of NUREG-1335, which
stated as a minimum, details of the review should be included in the submittal.

Response:

As described in the submittal, an independent review of the IPE was performed by Ian B. Wall.
He received the major sections of the IPE simultaneous to the TVA/PLG supervisor level draft
review of a section. Mr. Wall's review was focused on the methodology and overall approach
of the IPE. He utilized the checklist in NUREG-1335 and item by item verified the completion
of each item on the checklist. He provided specific comments on each requirement identified
in the checklist that was well addressed or that needed enhancement as a part of a future update.
He did not identify any significant deficiencies that should be rectified prior to the submittal of
the IPE.

Mr. Wall's cover letter that transmitted the results of his review is included in this response, as
well as Attachment 1 to his letter. This attachment itemized the specific deficiencies that were
identified and discussed with TVA during his review. Attachment 2 to this letter provided the
detailed NUREG-1335 checklist with Mr. Wall's comments/assessment of how each item was
addressed in the IPE. This attachment has not been provided under this request for additional
information due to its size and since any significant information it contained is included in
Attachment 1.
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T45 920903 860

IAN B. WALL
81 Irving Avenue

Atherton, CA 94027
415-325-0765

27 August 1992

Mr. Walter L. Elliott, Manager /
Nuclear Engineering
Watts Bar Nuclear Plant
Tennessee Valley Authority
P.Q.Box 2000
Spring City, TN 37395

Attn: Susan D. Ferrell

Dear Mr. Elliott:

I have completed my independent review of the Watts Bar Nuclear Plant's
Individual Plant Examination. With the help of WUN and TVA corporate staff, I
have completed a series of checklists provided in "Individual Plant Examination
Guide", EPRI Report TR-100369. The WBN staff focussed upon issues requiring
detailed knowledge of the WBN plant design and procedures and I focussed
upon the overall approach, methodology, and responsiveness to NRC's require-
ments as specified in G.L. 88-20 and NUREG-1335. The completed checklists are
enclosed.

In my opinion, the WBN Individual Plant Examination satisfies the objec-
tives set forth in G.L. 88-20, is responsive to NRC's requirements described in
NUREG-1335, and incorporates methodology which represents the state-of-the-
art in probabilistic risk assessment. My observation of the WBN staff's careful
review of the report assures me that the IPE represents the Watts Bar Nuclear
Plant as of December 1991. The deficiencies which I have identified are relatively
minor and would not materially alter the findings: they can be addressed in sub-
sequent revisions of the report or other work. They are listed in Attachment 1.

In conclusion, it has been a pleasure working with the TVA staff and
contractor personnel, all of whom have been most cooperative and helpful.

Yours sincerely,

Ian B. Wall

Enclosure/Attachment

cc P. Abbott (Ebasco) (w/o enclosure)

a



Attachment 1-Deficiencies identified in check-lists for Watts Bar IPE

Page No. Comment

A-21 Sequoyah experience with plant trips, etc. has been reviewed. The
results should be referenced in WBN IPE.

A-33 It does not appear that potential common cause failures caused by
human error have been fully addressed. For example, repeated
surveillance tests on different trains of a system.

A-35 11 of top 33 sequences have multiple human actions which reduce
sequence frequency by >10-5. Although assumed independence
appears reasonable and any change appears to have a small impact
on the results, the authors agree that further examination of this
issue is warranted in any future revision.

A-36 Common cause failures of passive components, e.g. major air
accumulators, common filter sets, were not considered.

A-39 Although mechanical and operational errors leading to internal
flooding are present in the data base, systematic consideration of
such initiators is not evident in the text.

A-40 In the assessment of consequences of internal flooding, considera-
tion of cable terminal point locations is not evident in the text.

A-40 It is not evident in Sect. 3.3.8 that combinations of flood-induced
and random failures have been considered.

A-41 Although some operator procedures/actions to handle flooding
have been considered, systematic consideration is not evident in the
text.

A-41 The historic data base on internal flooding has been inappropriately
interpreted. Therefore, as explained in my June 30 letter, some
flooding frequencies are probably underestimated. (The impact
upon the overall core damage frequency appears to be small)

A-50 A PRA analyst can replicate the analysis steps. The use of very
large event trees and the RISIKMAN code to analyse and quantify
them are not conducive to another analyst duplicating the results.
For 6 sequences from the top 50, 1 have checked the calculation of
their estimated frequencies.

3



A-92

A-95, A-98
A-104

A-104

Sect. 1.4.3
Sect. 4.10.1

App.A

All materials utilized in the review appear to be identified and
dated. The 'to be published' references should be published
promptly.

TVA should establish a schedule for evaluating potential enhance
ments and other insights and deciding which ones should be
implemented.

A high quality state-of-the-art PRA has been done for WBN.
However, the report uses considerable jargon and very sophisti-
cated language which assumes that the reader is experienced in the
technology. It is recommended that one or more summaries be
prepared for TVA operations, licensing, training, maintenance, and
engineering personnel. This report(s) should be written in cooper-
ation with these personnel and use their language and terminology.

Table 1-7, which is repeated in Section 4.10.1, states the relative
frequencies of large early containment failures and large bypasses
(2%), small early containment failures and small bypasses (4%), late
containment failure (29%), and intact containment (65%). It is a
very important result. A knowledgeable reader, who is not inti-
mate with the report, would assume that the first two categories
translate respectively into large and small releases of radioactive
material to the atmosphere. He/she would be wrong. As stated in
following paragraphs, a large release is the sum of the first category
plus 55% of the second. This confusing result stems from the as-
signment of Plant Damage States to release categories according to
the geometric size of their failure/bypass rather than the magni-
tude of their release which is the more important attribute. With
the knowledge in hand, a future revision of the report could reas-
sign Plant Damage States according to their release magnitude.
Given the importance of SGTRs with stuck-open safety/relief
valves, it would also be desirable to re-examine the binning process
and assumptions associated with these sequences.

My July 11 letter recommended some reorganization of
Appendix A. Time and resource constraints did not permit any
change.

2

4

haF. I



NRC Review Question F.E.1:

NUREG/CR-4550 analysis for Sequoyah included a very small LOCA, with
less than 1/2 inch equivalent diameter, as an initiating event. The Watts Bar
Unit 1 IPE excluded this initiating event on the basis that it is within the
makeup capacity of the normal charging system. Discuss the significance of
very small LOCAs; including the differences between the Sequoyah and Watts
Bar mitigation capability for "less than 1/2 inch LOCA," particularly the
differences between the charging systems.

Response:

The IPE analysis team chose to define two categories of small LOCAs, isolable and
nonisolable. Recirculation from the containment sump was conservatively assumed required
for mitigation of both small LOCA categories, unless the break was isolated before
recirculation was required. The total frequency of these two small LOCA categories was
estimated from U.S. experience data as 2.9 x 10-2 per year. All LOCAs which in fact led to
an automatic plant trip are included in this frequency. The sum of the small LOCA
frequencies used in the Watts Bar IPE exceeds the sum of the small (1 x 10-) and very
small LOCA (1.3 X 10-2) frequencies used in NUREG/CR-4550 for Sequoyah. This analysis
is therefore conservative compared to that in NUREG/CR-4550 for Sequoyah.

The differences between the small LOCA modeling approaches adopted in NUREG/CR-4550
for Sequoyah and in the IPE analysis for Watts Bar are simply due to analysis assumptions,
not design differences. References F.E. 1-I and F.E. 1-2 indicate that there are no differences
between the Sequoyah and Watts Bar charging systems. Both have maximum normal
charging flow rates of 100 gpm, and seal water return flow rates for all four RCPs of
12 gpm. Each normal charging system is designed for mitigation of breaks up to 3/8-inches
in diameter. In the determination of the frequencies for small LOCAs, it was concluded that
there would be no appreciable difference whether the lower bound on the small LOCA range
was selected as 1/2-inch or 3/8-inch in diameter.

The IPE analysis results showed that 12% of the core damage frequency was due to LOCAs.
Nearly all of this contribution is due to the small LOCA initiating events with failure of
recirculation from the containment sump.

The analysis documented in NUREG/CR-4550 for the Sequoyah plant, included a very small
LOCA initiating event defined as a "loss of coolant inventory which is large enough to cause
a safety injection signal but not large enough to be put in the S2 event category," (see
Appendix D, page D-67 of NUREG/CR-4550, Vol. 5, Rev. 1, Part 2). The success criteria
for very small LOCAs was postulated to differ from small LOCAs (i.e., S2) primarily in the
assumption that depressurization of the RCS and establishing RHR shutdown cooling would
be sufficient for late, core heat removal. Recirculation from the containment sump was
required only for small LOCAs; i.e., not for very small LOCAs.

In the Watts Bar IPE, the success criteria for small LOCAs always required the need for
recirculation from the containment. Smaller breaks were assumed mitigated by normal
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charging; i.e., without causing either an automatic reactor trip or a safety injection signal. It
is possible that a portion of the small LOCA frequency for Watts Bar could be mitigated
without recirculation from the containment. The conservative assumption (i.e., that
recirculation was always required for small LOCAs) was made, because the
thermal-hydraulic analysis was not available to identify which small LOCA sizes and
locations did not require recirculation from containment. The impact of this conservative
assumption is not great, because in either case, at least one RHR pump is required for
successful mitigation.

References

F.E.1-1. Watts Bar, "System Description for Chemical Volume Control System," Document
No. N3-62-4001, Rev. 3, February 5, 1993.

F.E.1-2. Sequoyah, "Detailed Design Criteria; Chemical and Volume Control System,"
Document No. SQN-DC-V-27.2, Rev. 6, August 18, 1993.
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NRC Review Question F.E.2:

Some of the shared or common systems between the Watts Bar Units 1 and 2
are considered and credited for the Unit 1 IPE submittal. They include unit
station service transformer, swing diesel, and raw cooling water system. Does
the system level success criteria consider maintaining Unit 2 in shutdown while
mitigating an accident in Unit 1? Provide specific information including
operating and surveillance procedures of Unit 2 pertinent to the operation of
Unit 1. [Multiunit considerations are addressed in Section 2.1.4, guideline #3
of NUREG-1335.]

Response:

This version of the Watts Bar IPE does not specifically consider maintaining Unit 2 in
shutdown while mitigating an accident on Unit 1. As spelled out in the executive summary
of the IPE, the results are applicable to Unit 1 only; since Unit 2 is still under construction.
The system models do, however, consider the impact of Unit 2 systems required for Unit 1
operation, and common systems shared by both units. The IPE models for these systems
consider the plant technical specifications on a system-specific basis.

Only support systems are shared between Units 1 and 2. No unusual credit was taken for
Unit 2 equipment serving Unit 1. For example, the ERCW system success criteria assumes
that two pumps are required per two unit train even though there are currently no Unit 2
loads. See the response to question F.E.3 for further discussion of this point.

For electric power systems, the models are documented in the Electric Power System
notebooks; i.e., volumes 1 and 2. Section 1.5.4 describes the applicable Unit 1 plant
technical specifications for the electric power systems. Specifically, all Unit 2, 6.9-kV
shutdown boards, 480V shutdown boards, 125V DC boards, and 120V AC vital instrument
power boards are required to be operable when Unit 1 is in modes 1 through 4. Similarly,
all four diesel generators must be operable when Unit 1 is in modes 1 through 4. No credit
is given for the swing diesel generator in the Watts Bar IPE because it is not planned for
Unit 1 completion. The 250V DC boards are not mentioned in the Unit 1 plant technical
specifications. The same maintenance frequencies and durations for the 250V DC boards
were used for Units 1 and 2; i.e., for Top Events D1 and D2. The average maintenance
durations assigned are consistent with the 250V DC boards not being controlled by Unit 1
plant technical specifications.

The Unit 1 plant technical specifications for the shared ERCW system, are described in the
ERCW system notebook, Section 1.5.1. The ERCW pumps are subject to a 72-hour
operability requirement if either Unit 1 or 2 is in modes 1 to 4. Similarly, the surveillance
requirements are the same when either Unit 1 or 2 is operating.

The Unit 1 plant technical specifications for the shared CCS system, are described in the
CCS system notebook, Sections 1.5.1 and 1.5.2. The CCS pumps are subject to a 72-hour
operability requirement if either Unit 1 or 2 is in modes 1 to 4. No special CCS alignments
for Unit 2 being in shutdown were therefore considered.
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The compressed air systems are required for Unit 1 or 2 operation.
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NRC Review Question F.E.3:

Identify any Unit 2 systems, other than those mentioned above, that can be
cross-tied to support Unit 1. Clarify the assumptions in the analysis regarding
use of Unit 2 systems for Unit 1, particularly the use of onsite electrical
power, both ac and de. [Support systems are discussed in Section 2.1.4,
guideline #1 of NUREG-1335.]

Response:

The systems shared between Units 1 and 2 are identified in the Watts Bar dependency tables,
Tables 3.2-3 and 3.2-4. The system analysis notebooks document the models for each
system considered in the IPE. The system models are also described as top events in
Section 3.1.4. The systems which can be crosstied or are shared between units, are all
support systems.

These common systems are as follows:

* 161-kV Switchyard and Common Station Service Transformers C and D Modeled
in Top Event OG. This equipment supplies offsite power to both Unit 1 and Unit 2
6.9-kV shutdown boards. No manual actions are required. If Top Event OG is lost,
offsite power to both units is assumed lost.

* Essential Raw Cooling Water. The Units 1 and 2 train A ERCW pumps supply
both ERCW Units 1 and 2 train A supply headers. Similarly, the Units 1 and 2
train B ERCW pumps supply both of the ERCW Units I and 2 train B supply
headers.

The ERCW discharge headers A and B are shared between units; e.g., both the
Unit 1 and Unit 2 train A supply headers discharge through the same discharge
header. Component cooling system heat exchanger A is supplied by ERCW
headers 2A-A and 1B-B. Component cooling system heat exchanger C is supplied by
ERCW header 2B-B.

ERCW supply headers A and B provide cooling to both the Unit 1 and Unit 2 diesel
generators on the associated trains. Recall that each supply header is provided flow
from Unit 1 and Unit 1 ERCW pumps on the same train.

One ERCW crosstie capability modeled is the manual alignment of backup ERCW
cooling from the ERCW supply header 1A to the train A centrifugal charging pump
on Unit 1; i.e., this is action HCCSR2 modeled in Top Event CCPR, page 3.1.4-41.
Normal ERCW supply header lB-B to CCS heat exchanger A is isolated given a loss
of both Unit 1 and Unit 2 train B shutdown boards. In this event, the alternate supply
by ERCW supply header 2A-A to CCS heat exchanger A is modeled.

* Train A Shutdown Board Ventilation Powered from Unit 1, Top Event VI.
Train A of both Units 1 and 2 6.9-kV shutdown boards are supplied room cooling
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from the train A shutdown board ventilation system. This same ventilation system
supplies all Unit 1 480V shutdown boards; i.e., both the trains A and B boards.

* Train B Shutdown Board Ventilation Powered from Unit 2, Top Event V2.
Train B of both Units 1 and 2 6.9-kV shutdown boards are supplied room cooling
from the train B shutdown board ventilation system. This same ventilation system
supplies all Unit 2 480V shutdown boards; i.e., both train A and B boards.

* 6.9-kV and 480V Common Boards, Top Events A3 and B3. The 480V common
boards provide power to the nonessential control air system and for charging of the
250V DC battery boards.

The 6.9-kV to 480V shutdown board transformer room ventilation system is powered
from a variety of electrical power sources. The 480V common boards provide power
to two of the fans in this ventilation system.

The 6.9-kV common boards provide power to the CCS/AFW equipment area
auxiliary building air handling units.

* Nonessential Control Air System (CAS). The compressed air systems at Watts Bar
are common to both units. The four compressors for the CAS are powered from the
480V auxiliary building common boards A and B, and from the Unit 1
480V shutdown boards, 1A2-A and lBl-B. ERCW cooling to the compressors is
supplied from supply headers IA and 1B. The CAS (i.e., Top Event PD) supplies
numerous loads on both units. These include the ACAS, the CCS/AFW equipment
ventilation system, condenser dump valves, the MSIVs and bypass valves, and valves
used by the condensate and feedwater systems.

* Auxiliary Control Air System (ACAS) Trains A and B. The compressed air
systems at Watts Bar are common to both units. Power is supplied to the two ACAS
compressors from Unit 2 480V C and A ventilation boards 2A1-A and 2B1-B; i.e.,
Top Events AlU2 and BlU2, respectively. ERCW supplies cooling water to the
compressors, via headers lA-A and 2B-B. For Unit 1, the ACAS essential air trains
(i.e., Top Events PA and PB) supply numerous loads, including the steam generator
PORVs, the AFW flow control valves, and the pressurizer spray valves.

* Component Cooling System. Train A cooling loads at Unit 1 (i.e., Top Event AC)
are supplied by two pumps powered from Unit 1. There are two CCS pumps
supplying Unit 2 train A loads, but this portion of the system was not modeled in the
Watts Bar IPE. Also, no credit was given for crosstying train A of Unit 2 to Unit 1
cooling loads.

Train B component cooling loads for Units 1 and 2 (i.e., Top Event BC) are supplied
by the same CCS C-S pump. This pump is normally powered from Unit 2
480V shutdown board 2B2-B; i.e., Top Event B2U2. A manual cross-connect
between this train of CCS (i.e., Top Event BC) and the Unit 1 train A heat exchanger
(i.e., via action HCCSR1, per Table 3.3.3-12) is modeled.
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* Unit 2 Electric Power Systems. For the shared systems to function, electric power
supplies from Unit 2 are required. Therefore, the Watts Bar IPE included logic
models for the Unit 2 electric power systems. The Unit 2 electric power systems are
described in Section 3.1.4.2. The Unit 2 electric power systems modeled include:

- Unit 2 Fuel Oil Transfer
- Unit 2 Diesel Generators
- Unit 2 6.9-kV Shutdown Boards
- Unit 2 480V Shutdown Boards
- 125V DC Battery Boards III and IV
- 120V AC Instrument Power Board 2A
- Unit 2 Train B Shutdown Board Room Ventilation
- Unit 2 480V Board Room (Contains Unit Inverters) Ventilation
- 120V AC Power Subsystems 1-III and l-IV
- 480V Shutdown Transformer Rooms Ventilation

11



NRC Review Question F.E.4:

Describe the process you used to (1) evaluate contributors to dominant
sequences, and (2) determine the need for safety enhancements to reduce their
significance.

Response:

(1) A discussion of the contributors to key sequences is provided in Section 3.4.1 of the
Watts Bar IPE submittal. In accordance with NUREG-1335, the top 100 core damage
sequences were examined and documented. The search for vulnerabilities proceeded
from several vantage points. Comparisons with the Generic Letter Screening Criteria
were made to evaluate key sequences, especially those involving containment failure
or bypass. The sum of the frequencies of sequences leading to the same plant damage
state were computed and ranked.

System and event importance measures were found useful for understanding the
contributions to the IPE front-end results. The importance rankings for guaranteed
failed split fractions identified the most important intersystem functional dependencies.
The importance measures for the nonguaranteed failed split fractions identified the
most important system and system train failures. These importance rankings cut
across the many core damage sequences computed to allow general conclusions as to
the most significant systems.

Sensitivity cases were also used to investigate key assumptions and contributors.
Among these was an investigation of operator action error rates. Key operator
actions were investigated by increasing the assumed error rates, and requantifying the
event sequences. New sequences with relatively high frequencies were then reviewed
to identify potentially sensitive actions.

(2) TVA's definition of a vulnerability was presented in Section 3.4.3 of the IPE
submittal. Neither the core damage frequency (i.e., 5 x 10' per year) nor the large
early release frequency (i.e., 5 x 10' per year) thresholds for defining a vulnerability
were exceeded for Watts Bar Unit 1. Therefore, no plant-specific vulnerabilities were
identified.

In addition to the vulnerability screening criteria, TVA also presented an interim set
of in-house PRA screening criteria for consideration of potential enhancements, not
associated with vulnerabilities. These in-house PRA criteria were presented in
Section 6.3 of the IPE submittal. Three contributors to the core damage frequency
were identified as exceeding the PRA screening criteria, as discussed in Section 6.3.
TVA is currently considering changes to address each of these contributors.

In Section 6.4, some additional insights and recommendations were offered. These
items were not associated with plant vulnerabilities, nor exceedance of the PRA
criteria. They were instead, just additional insights for future consideration.
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Since there were no vulnerabilities identified in the Watts Bar IPE, TVA concludes
that there is no licensing requirement for plant enhancements.
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NRC Review Question F.E.5:

The FSAR success criterion for Residual Heat Removal (RHR) injection is the
availability of two-out-of-four injection paths, while in Table A-2 of the
submittal it is shown as one-out-of-four. Explain the basis for this difference.

Response:

The FSAR success criteria is based on mitigation requirements for the large LOCA
design-basis accident. Table A-2 in the Watts Bar IPE actually contains two success criteria
entries for the RHR injection path. The RHR injection path success criterion is actually
consistent with the FSAR.

Top Event RF was used to model the RHR injection path for large and medium break
LOCAs. Top Event RF, listed in Table A-2, assumes a success criteria of two of three
injection paths. The fourth injection path is assumed to be at the location of the break.
These models cover the larger LOCAs, with sizes ranging up to the design-basis event. The
criterion for these events is consistent with the FSAR.

Top Event RI was used to model the RHR injection path for small LOCAs and steam
generator tube ruptures. Top Event RI requires only one of the four injection paths. This
system model is used for the GTRAN4 event tree; i.e., Section 3.1.2.2.. The GTRAN4
event tree is used to quantify general transients, steam generator tube ruptures, and small
LOCAs. One injection loop is judged to realistically be sufficient.

It is worth pointing out that thermal-hydraulic analyses performed in support of Diablo
Canyon have shown that at least under some conditions, one of four injection paths is
sufficient for even large LOCAs (Reference F.E.5-1). No credit was assumed for this fact in
the Watts Bar IPE analysis.

Reference

F.E.5-1. Westinghouse Electric Corporation, "Safety Evaluation of the RHR Crosstie Line
Isolation," July 10, 1987; received by PLG, Inc., from Pacific Gas & Electric
Company on July 27, 1987 (chron F502246).
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NRC Review Question F.E.6:

Provide the justification for deviating from the FSAR success criteria for
mitigating small and medium LOCAs. The FSAR states that one safety
injection (SI) pump and one Chemical and Volume Control System (CVCS)
pump are required to mitigate these LOCAs. The IPE assumes that for a
small LOCA (less than 2 inch equivalent size break), only one of any four
total SI/CVCS pumps are required; the IPE assumed that for a medium LOCA
(2 to 6 inch equivalent size break), any two of the four SI/CVCS pumps are
sufficient. Briefly discuss the thermal hydraulic analysis that supports the IPE
success criteria for the smallest of the medium LOCAs with no heat removal
from the steam generators other than that provided by their initial inventory.
[Section 2.1.3, guideline #1 of NUREG-1335 discusses documentation of
success criteria.]

Response:

* Small LOCAs. The Watts Bar FSAR states that one safety injection pump and one
centrifugal charging pump are sufficient to mitigate small LOCAs provided AFW is
available to the steam generators. No plant-specific analysis was performed to relax
this criteria for the Watts Bar IPE. However, based on reviews of accepted PRAs for
similar plants, it was judged that this criteria could be relaxed. As documented in
NUREG/CR-4550 for Sequoyah, several PRAs of Westinghouse PWRs previously
accepted by the NRC have used one of four high pressure injection pumps as
sufficient for high pressure injection; i.e., see page 4.4-39 of NUREG/CR-4550. The
referenced studies are for the Zion, Millstone, and Seabrook plants. The same
success criteria was also used in the NRC accepted study for Diablo Canyon.
Moreover, the NRC also used the same realistic criteria for Sequoyah, which is very
similar in design to Watts Bar. The FSAR reports for all of these plants had similar
statements about the sufficiency of two pumps for injection, based on design
calculations. Therefore, based on the similarity of designs, and the ample precedence
of acceptance by the NRC, further analysis to substantiate the assumed success
criteria was judged unnecessary.

* Medium LOCAs. The arguments for the assumed relaxation of success criteria for
high pressure injection for mitigation of medium LOCAs are similar to those stated
above for small LOCAs. Again the NRC assumed two of four pumps as the
requirement, based on reviews of accepted PRAs; i.e., Zion, Millstone, and
Seabrook. This is documented on page 4.4-35 of the NUREG/CR-4550 report for
Sequoyah. Low pressure injection from the RHR pumps was not required by NRC
for Sequoyah. The same assumption was adopted for the Watts Bar IPE.
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NRC Review Question F.E.7:

It is our understanding that the steam generators at Watts Bar had been
hydro-tested in 1981 and had been filled with water since then. From
Table 3.3.1-4 the mean event frequency of the SGTR is 2.84E-2 per reactor
year. How does this history impact the frequency of SGTR, compared to
similar operating plants?

Response:

Watts Bar has not yet operated. Therefore, plant-specific operating experience is
unavailable. However, the steam generators have been hydrotested in the last year, in
preparation for plant startup. The state of the art in risk assessment is not currently able to
quantitatively estimate steam generator tube rupture frequencies as a function of standby
maintenance conditions.

TVA has followed EPRI procedures for wet layup conditions. This includes weekly
sampling of the water, maintaining excess hydrazine to limit oxygen, and nitrogen bubbling
to promote water circulation. Adherence to these procedures has been subject to numerous
audits, both within TVA and by the NRC.

The steam generator tube rupture initiating event frequency used in the Watts Bar IPE is
based on U.S. industry data of 8 events in roughly 379 years of operating experience. Data
from 65 U.S. operating PWRs were included in the assessment. In the NUREG/CR-4550
analysis for the Sequoyah plant, a steam generator tube rupture frequency of 1.0 x 102 per
year was used, based on 5 applicable events in roughly 500 operating years. Therefore, the
steam generator tube rupture frequency used in the Watts Bar IPE is higher than that used by
NRC.

Qualitatively, one would expect that the steam generator tube rupture frequency would not be
adversely affected by the prolonged period in controlled wet layup conditions. The
degradation mechanisms, which may lead to tube problems, primarily occur at temperature
and pressure, not when in standby.
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NRC Review Question F.E.8:

Provide the rationale for not modeling feed-and-bleed (SG depressurization and
feedwater) as an alternate DHR function.

Response:

The rationale for not modeling steam generator depressurization and feed from a low
pressure injection water source is documented in Section 3.1.2.1.4; i.e., the "Use of ESD in
Event Tree Development." Page 3.1.2-22 discusses the response to loss of secondary heat
sink response procedure, which directs these actions. The discussion describes why event
N623 in the event sequence diagram is omitted. This discussion is repeated below:

This success path requires the same feedwater valves to operate as for
restoration of MFW, so that they are not completely redundant to restoration
of MFW. Also, the time available for action is limited so that these additional
options may not be implemented before the procedures direct the operators to
initiate feed and bleed. Therefore, these low pressure heat sink options are
conservatively omitted from the IPE models.

Table 3.4-10 in the submittal identifies the contributors to failure of the decay heat removal
function. Steam generator depressurization and feeding with the condensate system would be
a backup action to failure of bleed and feed cooling; i.e., to failure of Top Event OB. Most
of the time bleed and feed cooling is unavailable (i.e., failure of split fraction OBF) is due to
the failure of support systems for the pressurizer PORVs. The same 125V DC power
supplies to the pressurizer PORVs used for bleed and feed cooling, are also required for low
pressure feed to the steam generators; i.e., to keep the feedwater valves open. Therefore,
these cooling paths are not functionally independent of those paths that are already modeled.
For sequences in which Top Event OB is failed because of failure of DC power, the alternate
flow path would also be unavailable.

Split fraction OBI models the bleed and feed cooling function when all support to the
pressurizer PORVs are available. However, these sequences make only a negligible
contribution to the core damage frequency; i.e., about 0.5%. Half the failure frequency for
OBI is made up of the operator error to initiate bleed and cooling. Another manual action
directed at the same goal of restoring heat removal and occurring in the same time frame
(i.e., to align for the low pressure feeding of the steam generators), was therefore judged to
offer limited additional benefit.
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NRC Review Question F.E.9:

Section 3.4.1 of the submittal states that the time required to lose RCP seal
integrity upon losing RCP thermal barrier cooling is at least 2 minutes.
However, a realistic value of 10 minutes was assumed for the sequence
modeling. Explain the difference.

Response:

Plant procedures instruct the operators to trip the RCPs within 2 minutes given a loss of
component cooling system cooling to the RCP thermal barriers and the motor bearings. The
concern is that in a short period of time, the motor bearings may fail, possibly leading to
RCP seal damage. The 2 minutes identified in the procedural guidance is a conservative
estimate. The pump vendor, Westinghouse, has subsequently estimated that at least
10 minutes are available. This is discussed in Section C.1, page C-15 of the submittal. The
pump vendor's evaluation is documented in Watts Bar FSAR report, Questions and Answers,
question 212. 101.
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NRC Review Question F.E.10:

The differences between the accident Sequences No. 1 and 3, and Sequence
Nos. 4 and 7 are refilling of the RWST. The sequence descriptions imply that
Sequences 1 and 4 successfully provided makeup water for the RWST refills,
and Sequences 3 and 7 failed to provide the refill water to the tank. However,
no specific descriptions of the RWST refill operations were given for
Sequences 1 and 4. In fact, it appears that Sequences I and 3 are identical.
Provide step-by-step clarification of the sequences.

Response:

Accident sequences 1, 3, 4, and 7 are described in detail in the text of Section 3.4.1, and are
summarized with the other top 100 sequences in Table 3.4-2. These sequences all involve a
loss of the component cooling system. Sequences 1 and 3 include the failure of the operators
to trip the RCPs in time to prevent seal damage. Despite this short term failure, the
operators do successfully align ERCW cooling as a backup to centrifugal charging pump
(CCP) A lube oil cooling. With this one pump then available, high pressure injection is then
successful. The loss of the component cooling system, however, precludes recirculation
from the containment sump due to loss of cooling to the RHR heat exchangers.

Sequences 4 and 7 are similar to sequences 1 and 3. However, in these sequences, the RCPs
are successfully tripped, but ERCW is not aligned to CCP A. Due to the loss of the
component cooling system, all high pressure injection is then unavailable.

The text already states explicitly that the only difference between 1 and 3, and between 4 and
7 is failure of the operator action to provide makeup to the RWST. The model for makeup
to the RWST is described in Section 3.1.4.3, page 3.1.4-42. Top Event MU, representing
the operator action, appears in the mechanical support system event tree.

The success or failure of this operator action has no impact on sequences 1, 3, 4, and 7.
The reason is that in addition to the operator action, the containment spray pumps must be
available to pump water from the containment sump back to the RWST as a source for
continued high pressure injection. However, loss of the component cooling system in all
four sequences precludes operation of the spray pumps for this purpose. Therefore, makeup
to the RWST is unavailable in all four sequences. In addition, for sequences 4 and 7, since
all high pressure injection is also unavailable, makeup to the RWST is again irrelevant.

Makeup to the RWST is a recovery action considered late in the development of the accident
sequence models. Rather than change the structure of the frontline event trees, it was
decided to include Top Event MU in the mechanical support systems event tree, and ask its
success or failure for each sequence. Because the mechanical support systems event tree
precedes the frontline event trees, the status of Top Event MU is determined even in
sequences when the operator action is not relevant. Sequences 1 and 3 and sequences 4
and 7 could have been logically combined after quantification and their frequencies added to
form two new "reduced" sequences. Currently the RISKMANO software used for the study,
does not minimize such sequences. It was decided to report the sequences as they are
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computed. The Watts Bar IPE analysis team is well aware of this feature of the sequence
quantification process and considered it when interpreting the results.
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NRC Review Question F.E.11:

Table 3.4-8 shows that total losses of Unit I CCS contribute 1.3E-4 per
reactor year to core damage frequency. The sensitivity analysis
(Section 3.4.3.2.1) states that the proceduralized operator action to align the
train A centrifugal charging pump to the ERCW in the event of CCS failure is
modeled. The guaranteed failure of this action would raise the core damage
frequency by an increment of 1.5E-3 per reactor year. However, Table 3.4.7
shows that the ninth-ranked, nonguaranteed, failure split fraction (SF) to
importance is CCPR1, which is an operator action designator for ERCW
alignment to charging pump. Also, Table 3.4-4 listed split fraction sorted by
RISKMAN-generated importance, in which the CCPRI SF and frequency are
given as 1.61E-2 and 2.4808E-5, respectively. The implication is that the
guaranteed failure of CCPRI may increase the total CDF by, at least, 1.5E-3
per reactor year.

Explain the incremental changes of the core damage frequency by 1.5E-3 per
reactor year due to CCS failure. Furthermore, explain how the procedure for
CCPRI action has been implemented.

Response:

As noted by the reviewers, the expected increase in core damage frequency assuming no
credit for the crosstie is 1.5 x 10-3 per year. This was reported as a sensitivity result in
Section 3.4.3.2.1 of the submittal, page 3.4-11. This result was obtained from the
importance information reported in Table 3.4-4. Split fraction CCPR1 for Top Event CCPR
in the mechanical systems support event tree represents the manual action to align ERCW to
CCP A in the event of a failure to train A of the component cooling system; i.e., action
HCCSR2 per Table 3.3.3-12. As reported in Table 3.4-4, the frequency of core damage
sequences involving failure of split fraction CCPRl is approximately 2.5 X 10-5 per year.
The change in core damage frequency caused by assuming no credit for this action can be
estimated by simply dividing 2.5 x 10' per year by the current value of split
fraction CCPR1 (i.e., 1.61 x 10-2) and then subtracting the original frequency. The
frequencies of these sequences are found to increase by 1.53 x 10-3 per year, or about 1.5 X
10-3 per year, as reported.

This increase in core damage frequency is greater than the total loss of CCS (CCSTL)
initiating event frequency; i.e., 1.11 x 10-3 per Table 3.1.1-1. All of the CCSTL frequency
goes to core damage if no credit is taken for action CCPR1. In addition, the manual action
represented by split fraction CCPR1 is applicable whenever train A of CCS is lost. The
frequency of train A CCS failure loss as an initiator (i.e., CCSA per Table 3.1.1-1) is
2.78 x 10-2 per year. CCS train A can also be lost in response to other initiating events.
Only a portion of CCS train A failures not due to CCSTL events results in core damage,
because train B of CCS may still be available to provide cooling to the train B ECCS pumps.
Based on the importance calculations, these other losses of CCS train A contribute
approximately 3.9 X 104 per year, if no credit is taken for action CCPR1.
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Table B-19, page 4, summarizes the information used to evaluate the recovery action to align
ERCW cooling to centrifugal charging pump A. The loss of component cooling water (CCS)
procedure AOI-15, directs the operators to align for ERCW flow to train A. Following
completion of the Watts Bar IPE, procedure AOI-15 has been revised; i.e., revision 10,
issued July 9, 1993. Appendix A of the revised procedure specifically directs the operators
as to which valves to manipulate and from what location to align ERCW to centrifugal
charging pump A oil cooler in the event that it is the only CVCS pump available and CCS is
lost.
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NRC Review Question F.E.12:

Explain what the effect of not tripping the reactor coolant pumps following a
small LOCA would be. [Section 2.1.3, guideline #1 of NUREG-1335
discusses documentation of success criteria.]

Response:

Watts Bar emergency operating procedures direct the operators to trip the RCPs during a
LOCA whenever there is a phase B isolation signal, or RCS pressure falls below 1,400 psig
with at least one CCP or safety injection pump operating. In both these situations, the effect
of not tripping the pumps on core damage frequency, is believed to be so slight that it is
neglected. From an accident frequency viewpoint, steam generator cooling is equally
effective following reactor trip, with or without RCP operation.

A phase B signal causes isolation of CCS cooling to the RCPs. Therefore, the procedures
direct the tripping of the RCPs to protect the pumps. Due to the loss of CCS cooling to the
pumps, failure to trip the pumps may result in bearing failure, pump vibration, and eventual
seal damage. The Watts Bar IPE analysis assumes that an RCP seal LOCA would result if
the pumps are not tripped following a phase B isolation. Furthermore, the models assume
that for small LOCAs, phase B isolation conditions would always be reached. However, the
presence of the original small LOCA limits the importance of the potential seal damage if the
RCPs are not tripped. The addition of another break location is not expected to change the
success criteria for mitigation of the original small LOCA. For some initial small LOCA
break sizes (i.e., those with sizes near the 2-inch equivalent break diameter), the addition of
another leakage path via the RCP seals, could conceivably change the break size from a
small to a medium LOCA. However, the frequency of such combined small LOCAs
resulting in a medium LOCA is expected to be limited. Relative to the current medium
LOCA frequency of 4.65 x 104 per year, the incremental contribution to the total medium
LOCA frequency is judged to be minimal, so that this complication was neglected in the
models.

If RCS pressure drops below 1,400 psig, the operators are also directed to trip the RCPs.
This procedural step is to limit the cumulative amount of break flow. Past analyses have
indicated that short term RCP pump operation, followed by pump failure, could lead to some
core uncovery and peak cladding temperatures above 2,200'F, even with one train of high
pressure injection operating. This conclusion depends on the postulated break size and
location; i.e., see Reference F.E. 12-1.

For the upper range of smaller LOCA sizes, high pressure injection flow first exceeds the
break flow only after the liquid level in the system is lowered enough so that steam rather
than water is discharged through the break. Continued reactor coolant pump operation
redistributes the liquid mass of the system so that the break is fed with liquid longer than if
the pumps are tripped quickly. On the other hand, calculations show that if the pumps run
continuously, cladding temperatures always remain below 2,200'F.
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For Westinghouse plants, the break location of concern is in the cold legs, away from the
pressurizer and the RCP pump seals, which make up the majority of the small break LOCA
frequency. The cold legs are limiting because water injected into the cold legs is assumed to
spill out the broken loop. The limiting break sizes were found to be 2-inch to 4-inch
diameter holes.

The frequency of a 2-inch to 4-inch break in the cold legs, coupled with the unlikelihood that
the RCPs pumps would initially be available, that they not be tripped as directed by
procedures, and subsequently fail in just the right time interval (i.e., about 10 minutes) to
cause this effect is believed to be miniscule. It is unclear from the analyses performed to
date whether the availability of a second train of high pressure injection would eliminate this
effect as a concern. Even if this combination of events occurred, the extent of fuel damage
is expected to be very limited. Therefore, the requirement to trip the RCPs in the event of a
small LOCA, to prevent potential fuel damage in this low frequency situation, was neglected
in the IPE analysis.

Reference

F.E.12-1. U.S. Nuclear Regulatory Commission, "Generic Assessment of Delayed Reactor
Coolant Pump Trip during Small Break Loss-of-Coolant Accidents in Pressurized
Water Reactors," NUREG-0623, November 1979.
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NRC Review Question F.E.13:

Explain the control room cooling addressed in the IPE. From Section 3.1. 1 of
the submittal, where HVAC systems are discussed, it appears that loss of room
cooling was not considered as an important initiating event because it is a well
annunciated event, and because heatup calculations show there is ample time
for the operator to recover. Elaborate on this issue; for example, are the
actions proceduralized with adequate operator training? Also provide a brief
summary of heatup calculations.

Response:

For control room cooling, no Watts Bar-specific calculations were performed. Instead,
information from control building calculations for the Sequoyah plant were judged similar
enough to the conditions at Watts Bar that the conclusion of a slowly developing transient
would also apply to Watts Bar. The tine-dependent temperatures calculated for the control
room at Sequoyah, given loss of all HVAC, are as follows:

Time after HVAC Loss Room Temperature - Room Temperature -
(Hours) Summer ('F) Winter (0F)

2 107 105

4 114 112

6 115 115

12 120 116

As seen above, there is ample time available for the operators to take corrective action if all
HVAC is lost. There are no procedures for recovery from total loss of control building
HVAC at Watts Bar. However, plant technical specifications (i.e., TR 3.7.10) require that
the control room be maintained at less than 80'F. If room temperatures exceed 1 100 F, the
temperatures must be restored to less than 80'F within 4 hours. If HVAC is lost to the
control room, portable fans normally used for fire fighting could be used to align alternate
cooling to the control room via the turbine building.

If these actions are not successful, a controlled shutdown from outside the control room
would still be a viable success path. Procedures for shutting down from outside the control
room are available; i.e., AOI-27, "Main Control Room Inaccessibility," Rev. 11, July 9,
1993.

The combined frequency of losing both trains of control room HVAC, failing to restore
ventilation in time to prevent equipment degradation, and then also failing to successfully
shut down the plant from outside the control room, was judged sufficiently low in frequency
that it could be neglected compared to other failure causes for the Watts Bar IPE.
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NRC Review Question F.E.14:

Loss of control air system is not included in the support and intersystem
dependency analysis. However, the IPE considered the portion of the air
system classified as "safety-related" in the containment response analysis.
Discuss the significance of the "non-safety-related" portion of the system.

Response:

The Watts Bar compressed air systems modeled in the IPE consists of the control air system
(CAS) and the auxiliary control air system (ACAS). During normal plant operation, the
CAS supplies air to equipment that require instrument-grade air. The ACAS receivers are
charged by the CAS. The ACAS compressors are on standby when adequate pressure is
maintained in the essential headers by the CAS. During accident conditions when CAS air
flow is degraded or lost, the ACAS compressors start automatically and the system supplies
air to the plant essential air loads.

The compressed air systems appear in the dependency tables and are entitled essential air
trains A and B (Top Events PA and PB), which supply air to the essential loads, and
nonessential air (Top Event PD), which supplies air to the nonessential air loads. These
systems are both modeled in the IPE as Top Events PA, PB, and PD. Failure of the CAS
results in the loss of the nonessential air loads, and then the essential air trains are supplied
by the ACAS. Essential air loads include: the AFW pressure and level control valves, steam
generator PORVs, and reactor building purge ventilation lines isolation valves. Nonessential
air loads include the turbine bypass valves, the steam generator MSIV and bypass valves, and
selected valves in the main feedwater and condensate systems. The isolation valves in the
reactor building purge ventilation lines fail in the closed position on loss of air.
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NRC Review Question F.E.15:

Provide further justification for not considering failure of RHR pumps due to
overheating when on miniflow recirculation using the RWST. (This is
addressed on page 3.1.2-9 of the submittal.) How is this affected by the
statement on pages 3.1.2-6 of the submittal that the operators will reset the
phase B containment isolation signal and stop containment spray pumps once
containment pressure falls below the phase B setpoint. [Section 2.1.3,
guideline #1 of NUREG-1335 discusses documentation of success criteria.]

Response:

The justification for omitting consideration of the action to trip the RHR pumps following a
safety injection signal with RCS pressure above 180 psig, is described on page 3.1.2-58; i.e.,
in Section 3.1.2.2.1, which discusses Top Events RA and RB in the GTRAN4 event tree.
The argument made is that for sequences eventually requiring containment sump
recirculation, sump switchover would be required prior to the 100 minutes calculated to be
available before pump overheating. Therefore, even if the operators failed to follow the
procedures and trip the pumps, RHR pump failure due to overheating would not occur.

The discussion on page 3.1.2-6 referred to in the question, identifies the requirement to stop
the containment spray pumps. This action is to be completed only after containment pressure
falls below the phase B actuation setpoint. It would be a significant action if the LOCA were
small enough to preclude a subsequent exceedance of the phase B setpoint due to continued
break flow. However, only a small fraction of the LOCAs that actuated containment spray
and allowed spray termination would not require reactuation of containment spray.
Eliminating containment spray would stretch out the time to deplete the RWST, possibly
beyond the 100 minutes required for RHR pump overheating.

As implied by the reviewer, this then raises the question of whether the action to stop the
RHR pump should be required. For the Watts Bar IPE model, it was judged that small
LOCAs would actuate phase B one or more times and containment sump swapover would be
required within less than 100 minutes. It was felt that this represented the most realistic and
challenging response to a small LOCA.

If the operator action to trip the RHR pumps were conservatively required for all small
LOCAs, it would likely have little effect on the overall results. This is because for small
LOCAs, manual alignment for high pressure recirculation is already required; i.e., see
Section 3.1.2.2.2 for a discussion of Top Event RR in the RECIRC event tree. Failure to
align for high pressure recirculation has approximately the same effect as not protecting the
RHR pumps. Assuming that the containment spray pumps continue operating, the time
available to complete this alignment is limited to 20 minutes. The human error rate assigned
to the manual action (i.e., HARRI in Table 3.3.3-4) for the high pressure recirculation
alignment is 1.86 x 10'. This error rate is higher than the error rate would be for the
simpler action of turning off the RHR pumps within 100 minutes. Both actions are governed
by procedures. Finally, for sequences in which turning off the RHR pumps is required to
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prevent overheating, the error rate for performing the high pressure alignment should be
lower because of the greater time available to complete the action.
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NRC Review Question F.E.16:

It appears that the IPE focused on modeling submergence-induced failures of
equipment as a result of internal floods. Was consideration given to other
modes of failure, such as spray? [Section 2.1.5 of NUREG-1335 addresses
internal flooding.]

Response:

The IPE did focus on modeling submergence-induced failures of equipment as a result of
internal floods. The submittal guidance did not explicitly require other failure modes to be
considered, such as spray. However, design-basis event analyses for moderate and high
energy line breaks were also reviewed prior to the plant walkdown for internal flooding.
Spray-induced failure modes were then considered during the plant walkdown. As a result of
the walkdown, spray-induced effects were judged to be localized, so emphasis was placed on
events beyond design basis, namely, larger floods.

It is worth noting that the screening approach to the analysis of internal flooding used in the
Watts Bar IPE is conservative. Spray effects that are localized to a particular compartment,
are bounded by the screening assumption that all susceptible items within a location are
failed. Scenarios that survive the screening are then examined on a case-by-case basis. The
resulting flood scenario frequencies that survive the screening, have relatively high
frequencies; probably as high as spray events, and with greater impacts. For example,
internal flooding scenario FLTB involves the failure of all PRA-related equipment in the
whole turbine building at a frequency of 2.0 x 10'2 per year. Similarly, scenarios FLPH1A
and FLPH1B involve the failure of four ERCW pumps at a frequency of 2.3 x 10' per
year. It is difficult to see how spray-related failures could result in more severe scenarios
than these.
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NRC Review Question F.E.17:

Provide a rationale for screening out failures of instrument penetrations to the
vessel, from consideration as an initiating event. [Initiating events are
discussed in Section 2.1.3, guideline #1 of NUREG-1335.]

Response:

Failures of an instrument penetration would result in only a very limited break flow area;
i.e., for a 1/4-inch diameter line, about .05 in2. This flow area is smaller than the 3/8-inch
equivalent size hole, which defines the design basis for the normal charging system.
Therefore, assuming an instrument penetration failure, automatic plant trip would not occur,
and a safety injection signal would not be generated. The operators would manually initiate
a controlled shutdown only if the break flow exceeded plant technical specifications. See
also the response to question F.E. 1.
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NRC Review Question F.E.18:

Provide a rationale for not analyzing feedwater line break-initiated accident
sequences. [Initiating events are discussed in Section 2.1.3, guideline #1 of
NUREG-1335.]

Response:

Feedwater line breaks may occur inside or outside containment. Feedwater line breaks
outside containment are included in the internal flooding analysis. The initiating event
category FLTB (i.e., turbine building flood) has an estimated frequency of 2.0 X 102 per
year. This initiating event category includes all sources of floods in the turbine building.
The assigned impact for FLTB (i.e., loss of feedwater, condenser, and station air) is
conservative and consistent with what might be expected for a feedwater line break outside
containment.

Feedwater line breaks inside containment are considered to be grouped with the more general
initiating event category for losses of main feedwater; i.e., initiating event category
TLMFW. A postulated feedwater line break would only directly affect flow to one steam
generator. However, a conservative assessment would be to assume that all main feedwater
is lost. This might occur because the flow is all lost Out the break, or because of a
subsequent safety injection signal, which would result in main feedwater isolation to all steam
generators.

Feedwater line breaks inside containment might also result in a high containment pressure
condition resulting in a phase B containment isolation signal and preclude auxiliary feedwater
flow to the affected steam generator. These secondary impacts are not modeled in the
TLMFW sequence quantification. However, the initiating event category for steamline
breaks inside containment (i.e., SLBIC) did consider such impacts. Even so, none of the
SLBIC core damage sequences had high enough frequency to be ranked in the top
100 sequences. Therefore, the impact of having a high containment pressure condition and
of precluding auxiliary feedwater flow to the affected steam generator is judged to be
minimal. Feedwater line breaks make up only a small fraction of the TLMFW frequency of
0.16 events per year. It is concluded that omitting plant impacts unique to feedwater line
breaks, for the portion of TLMFW that accounts for feedwater line breaks inside
containment, is not significant.
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NRC Review Question F.E.19:

The back-end portion of the IPE screened out Plant Damage States with
frequencies less than E-7 per reactor year. What was the largest frequency
Core Damage Sequence screened out as a result of this screening for Plant
Damage States? [Screening is addressed in Section 2.1.5 of NUREG-1335.]
In addition, provide the truncation limits used to screen Core Damage
Sequences. [Screening is addressed in Section 2.1.5 of NUREG-1335.]

Response:

The approach used to screen sequences from the front-end portion of the analysis for detailed
evaluation in the back-end, is documented in Section 4.6.1 of the IPE submittal. Table 4.6-1
lists all of the plant damage states which had some frequency of occurrence; i.e., nonzero
values. The table specifically identifies which plant damage states were and were not
analyzed in the back-end. Sequences for some plant damage states were analyzed
conservatively by binning them with more severe, higher frequency plant damage states.
This process is described in Section 4.6.1.

The highest frequency plant damage state that was not analyzed is DCI, at 9.9 X 10-' per
year. This functional sequence has a frequency of less than the generic letter screening of
1 x 10-6, and is not likely to result in containment failure with a release greater than
PWR-4. Therefore, it was not required to be analyzed. See Table 4.6-2 for the
interpretation of the IPE reporting criteria used for Watts Bar. PWR-4 is the name given in
the WASH-1400 analysis to a category of core damage sequences that have similar
radionuclide release fractions. PWR-4 is characterized by release fractions of 0.6 for xenon,
.09 for iodine, .04 for cesium, and .03 for tellurium.

The DCI plant damage state also contains the highest frequency individual core damage
sequence that was not analyzed in the back-end analysis. The sequence is initiated by a
medium LOCA and includes the failure of both RHR pumps. The containment is isolated
and containment spray is available. The frequency of this individual sequence is 2.49 x 10-
per year.

The truncation limits used to screen core damage sequences from the back-end analysis are
presented in Table 4.6-2 of the IPE submittal. The front-end truncation limits used for
sequence quantification to determine the core damage frequency are as follows:

* Excessive, large, and medium LOCAs (i.e., initiating events ELOCA, LLOCA,
and MLOCA) all used 1 x 10- per year.

* Interfacing systems LOCAs (i.e., initiating events VI and VS) used 0.0 per year.

* All other initiators used 1 x 10' per year as the truncation limit.
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NRC Review Question F.E.20:

The ATWS contribution to core damage is approximately five times higher for
Watts Bar than it is for Sequoyah. Discuss the Watts Bar IPE ATWS analysis,
including important assumptions and data, associated calculations, and
significant insights stemming from the analysis. Also discuss the following
aspects of the analysis:

(1) Why does the value for failure to trip the reactor, considering both
automatic and manual trips, appear relatively high?

(2) How did the ATWS model address early plant life conditions when the
moderator temperature coefficient is least negative?

Response:

The accident sequence models for ATWS conditions are included in the GTRAN4 event tree
described in Section 3.1.2.2.1. Top events that account for ATWS conditions include RT,
FW, AM, TT, PL, MR, AFW, OS, SR, SL, and EB. These events are highlighted in
Table 3.1.2-2 for procedure FR-S. 1.

Key assumptions and insights from the analysis of ATWS events are illustrated in the event
sequence diagrams for ATWS conditions (i.e., page 3.1.2-20 and page 40 of Figure 3.1.2-2),
and are described in the presentations of the ATWS-related top events; i.e.,
Section 3.1.2.2.1. These points are summarized below.

Successful mitigation paths for reactor trip failure sequences (i.e., with Top Event RT failed)
are modeled in the Watts Bar IPE. The operator actions are directed by procedure FR-S.1.
Manual reactor trip (i.e., Top Event RT success) is considered in the fault tree model along
with automatic reactor trip. One minute is assumed available for manual action.

Success of continued main feedwater (i.e., Top Event FW success) with the MSIVs
remaining open, is assumed to mitigate the ATWS without a challenge to the pressurizer
PORVs. No additional mitigation requirements, beyond those for reactor trip sequences are
required.

Turbine trip (i.e., Top Event TT) plays an important role in the mitigation of ATWS
sequences in which main feedwater does not continue to operate. The reactor trip signal
from the auxiliary contacts on the reactor trip breakers is assumed unavailable for sequences
involving Top Event RT failure. Also, no credit is assumed for manual turbine trip or
manual closure of the MSIVs, due to the short time available before peak RCS pressure is
reached. The AMSAC system is modeled to generate an automatic turbine trip signal; i.e.,
via Top Event AM. No credit is given for AMSAC if the initial power level is less than
40%.

The peak RCS pressure reached during an ATWS without successful main feedwater, is
partly determined by the success of turbine trip, and partly by the initial power level.
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Successful turbine trip (i.e., TT success) from an initial power level less than 40% (i.e., PL
success), is assumed to not challenge the RCS, except to require the pressurizer valves to
reclose after opening. On the other, if the demand for reactor trip occurs from power levels
greater than 40% (i.e., PL failed), and turbine trip fails, a severe challenge to RCS integrity
is postulated.

For ATWS sequences with a severe RCS pressure challenge, the model considers the manual
action to run in the control rods; i.e., Top Event MR. Successful manual rod run in (i.e.,
MR success, which over the first couple of minutes inserts 1 minute of RCCA bank insertion
at the nominal rate), limits the success criteria requirements for the number of auxiliary
feedwater pumps (i.e., events associated with AFW) and for the number of pressurizer valves
required to open to limit the peak RCS pressure to less than 3,200 psig; i.e., Top Event SR.
If too many pressurizer PORVs and SRVs fail to open, reactor vessel integrity is assumed
lost, resulting in core damage. The conditional probability of vessel failure given exceedance
of the 3,200 psig limit (i.e., if Top Event SR fails) is conservatively assumed to be 1.0. If
the initial power level is less than 40%, vessel integrity is not challenged.

Manual start of the AFW system given failure of automatic actuation is considered via Top
Event OS. Failure of main feedwater and of AFW to run is assumed to lead to core damage.
The RCS pressure relief requirements are in part determined by the amount of flow from the
AFW system. To simplify the model, AFW flows greater than 50% of full flow were
conservatively evaluated as if only 50% flow was available.

Consideration is given to overpressure-induced steam generator tube ruptures caused by the
severe RCS pressure increases seen during an ATWS. Only ATWS sequences in which RCS
integrity is maintained were considered. Core damage is not assumed guaranteed by the
rupture of steam generator tubes. However, ATWS-initiated core damage sequences
involving steam generator tube overpressure failures are then conservatively assigned to plant
damage states represented by a bypass of containment. No credit is assumed for the closure
of all steam valves on the secondary side effectively bottling Up the ruptured generators.

For successful mitigation of ATWS sequences, emergency boration is assumed required for
reactivity control in the first 10 minutes. Manual rod run in alone (i.e., Top Event MR
success) is assumed insufficient within the first 10 minutes for reactivity control. Emergency
boration from the RWST using the boric acid pumps is considered successful long-term
reactivity control. Both this boration path and the local manual action to open the reactor
trip breakers and trip the MG sets are considered in Top Event EB. The inclusion of both
reactivity control actions to initiate emergency boration and trip the MG sets in a single
operator action (DHAEB1) overstates the operator action failure rate to accomplish either of
these tasks successfully.

The key split fraction values for the ATWS-related top events in the Watts Bar IPE are
compared in Table F.E.20-1 with the corresponding values from the Sequoyah IPE analysis.
The Watts Bar split fraction values are repeated from Table 3.3.5-1. The Sequoyah split
fraction results are from Table 3.3.5-1 of the Sequoyah IPE submittal. The core damage
sequence group frequencies involving failure of the associated ATWS-related split fractions,
were obtained from the tables in Appendix D of the respective submittals. Only the split
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fractions that have associated core damage frequencies greater than 1.0 x 106 per year at
Watts Bar are listed.

The key failures associated with ATWS events in the Watts Bar IPE are seen to be RT, PL,
SR, and EB. The key split fractions for Top Event RT (i.e., RT1, RT2, and RT3) are seen
to have nearly the same values in the two studies. Core damage sequences resulting from
ATWS events must involve failure of RT and other top events. The models for either the
initiating event frequencies or the mitigating systems must be responsible for the factor of
4.5 increase in ATWS sequences resulting in core damage, compared to that found in the
Sequoyah IPE.

The initiating event frequencies for Watts Bar were assessed as being higher than for
Sequoyah. For Watts Bar, the sum of the frequencies of reactor trip demands, excluding the
reactor trip initiator, is 3.7 trips per year. For Sequoyah, the sum is 2.1 trip demands per
year. This difference is due to the use of plant-specific trip data for Sequoyah, and reflects
the downward trend in industry trip rates in recent years. Industry generic data was used for
the Watts Bar IPE since the plant has not yet operated. The difference in initiator
frequencies accounts for a factor of 1.8 increase in the Watts Bar core damage frequency
results for ATWS.

The split fraction values for Top Event PL are the same in the two studies. However, the
results for Top Events SR and EB are different. Therefore, Top Events SR and EB must be
the major source of the differences between the two studies. The Watts Bar values are seen
to be greater by a factor of about 4.0 for both Top Events SR and EB.

The analysis of RCS pressurizer relief under ATWS conditions (i.e., Top Event SR) is
presented in the system notebook for pressurizer power-operated relief valves and safety
valves. The major contributor in both the Watts Bar and Sequoyah IPE analyses is the
requirement for two pressurizer PORVs coupled with the unavailability of one PORV due to
maintenance. One PORV may be isolated for a long time due to PORV leakage. If initially
isolated, no credit is given for the operators to unblock the isolated PORV in time to limit
the peak pressure in an ATWS; i.e., within the first 2 minutes. The difference in the split
fraction results for SR (i.e., split fraction SR1) between the two studies is due to
plant-specific data being used for Sequoyah, but not for Watts Bar. Plant-specific data for
Sequoyah indicates that the frequency of valve maintenance is less at Sequoyah, than in the
generic data, as used for Watts Bar.

The analysis of emergency boration (i.e., Top Event EB) is presented in the system notebook
for the chemical and volume control system. The major contributor, with 85% of the total,
to failure of split fractions EBI and EB3 is the error rate for operator action DHAEB1.
Action DHAEB1 has an error rate of 3.5 x 10' for Watts Bar, but only 7.3 x 10- for
Sequoyah. The difference in assigned error rates reflects the differences in input from the
operator groups at the two plants. At Watts Bar, one of the three groups of operators
interviewed provided judgements on the performance shaping factors that resulted in an error
rate of 5.6 x 102. When combined with the other two group's input, the averaged error
rate was higher than for Sequoyah, where all three groups of operator rated the actions
similarly.
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The differences in split fraction values for Top Events SR and EB, and the modest
differences in initiating event frequencies, account for the overall differences in core damage
frequency from ATWS sequences at Watts Bar and Sequoyah. This conclusion is confirmed
by examining the key core damage sequences involving ATWS for Watts Bar.
Sequences 25, 26, 28, 29, 32, 39, and 48 in Table 3.4-2 of the Watts Bar IPE submittal are
all ATWS-related core damage sequences that involve either failure of emergency boration
(i.e., Top Event EB fails), or failure of RCS steam relief; i.e., failure of Top Event SR.

The two specific questions raised by the NRC's review are addressed below:

1. The value for failure to trip the reactor, considering both automatic and manual trips
(i.e., RT1 value of 1.6 x 104), is higher than the value assumed in the
NUREG/CR-4550 analysis for Sequoyah; i.e., a total value of 6 x 10- per demand,
of which 4 x 10' per demand is due to breaker and logic faults. The
NUREG/CR-4550 value was extracted from NUREG-1000, which was published in
1983. A value other than the one reported in NUREG-1000 was computed for the
Watts Bar IPE because the study team was unable to reproduce the NUREG-1000
result from failure rate data. In particular, the basis for the common cause factor for
reactor trip breaker failures is not reported either in NUREG-1000 or in the
supporting documents. The Watts Bar study team used a reactor trip breaker common
cause factor derived from generic industry data that has been screened for
applicability to Watts Bar. This process is documented on page 10 of Table 3.3.4-7
in the Watts Bar IPE submittal. One event was assessed as being applicable to the
mechanical failure of the reactor trip breakers. The common cause factor for
mechanical failure of the reactor trip breakers was assessed to be .0839, as reported
in Table 3.3.4-10.

2. The ATWS model addresses early plant life conditions when the moderator
temperature coefficient is least negative in the models for Top Event SR.
Section 3.2.3.2 of the system notebook for pressurizer PORVs and safety valves
documents the assessment. Briefly, the number of PORVs required for success of
Top Event SR is a function of the time of cycle in which the accident may be
initiated. Early in the cycle, two PORVs may be required in combination with all
three safety valves. This approach is consistent with the analysis in
Reference F.E.20-1.

Reference

F.E.20-1. Westinghouse Electric Corporation, "Assessment of Compliance with ATWS Rule
Basis for PWRs," WCAP 11993, Rev. 0, December 1988.
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Table F.3.20-1 (Page 1 of 3). Comparison of Watts Bar IPE and Sequoyah IPE Split Fraction Values

Split Watts Bar Sequoyah Watts Bar Sequoyah
ATWS-Related Top Events Fraction Split Fraction IPE Split CDF with CDF with

Fraction Split Fraction Split Fraction
Name Values Failed Failed

RT - Automatic and Manual Reactor RT1 1.62-4 1.62-4 2.85-5 5.94-6
Trip RT2 1.75-4 1.75-4 1.50-6 3.29-7

RT3 6.14-4 6.17-4
RT4 1.69-4 1.79-4 1.37-6 3.88-7
RT5 1.74-4 1.84-4
RT6 1.80-4 2.00-4
RT7 6.29-4 6.50-4
RT8 1.67-3 5.11-3
RT9 1.68-3 5.12-3
RTA 2.14-3 5.54-3
RTB 6.44-6 1.03-5

FW - Continued Main Feedwater FW1 4.92-3 4.92-3

AM - ATWS Mitigation Actuation AM1 1.0-3 5.00-3
System Circuitry

TT - Turbine Trip TT1 1.08-5 2.13-6
TT2 9.45-5 4.69-5

PL - Initial Power Level Below 40% PLi .662 .662 2.52-5 5.48-6

MR - Manual Rod Insertion MR1 8.77-3 1.47-3
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Table F.3.20-1 (Page 2 of 3). Comparison of Watts Bar IPE and Sequoyah IPE Split Fraction Values

Sequoyah Watts Bar SequoyahSplit Watts Bar W pi D ih CFwt
ATWS-Related Top Events Fraction Split Fraction IPE Split CDF with CDF with

Name Values Fraction Split Fraction Split Fraction
Values Failed Failed

AFW - AFW Pumps and Discharge AFAl 2.34-3 2.96-3
Flow Control Valves AFA2 3.06-2 3.20-2

AFA3 3.05-2 3.20-2
AFA4 1.0 1.0
AFA5 5.85-2 6.06-2

AFTWS 1 5.12-3 2.96-3
AFTWS2 3.06-2 3.20-2
AFTWS3 3.05-2 3.20-2
AFTWS4 1.0 1.0
AFTWS5 5.85-2 6.06-2

OS - Manual Backup to ESFAS OS4 1.21-2 1.17-2

SR - Primary Pressure Relief SRI 3.54-2 9.02-3 4.97-6 6.96-7
SR2 .202 .186
SR3 .408 .408
SR4 .501 .485
SR5 .593 .584
SR6 .701 .701

SL - ATWS Overpressure Induced SL3 1.70-2 7.00-2
Steam Generator Tube Rupture
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Table F.3.20-1 (Page 3 of 3). Comparison of Watts Bar IPE and Sequoyah IPE Split Fraction Values

Spi atsBr Sequoyah Watts Bar Sequoyah
ATWS-Related Top Events Fraction Watts Bar IPE Split CDF with CDF with

Fraction Split Fraction Split Fraction
Name Values Values Failed Failed

EB - Emergency Boration EB1 4.21-2 1.15-2 1.82-5 3.06-6
EB2 4.39-2 1.38-2
EB3 3.96-2 1.10-2 1.54-6 3.51-7
EB4 4.41-2 1.38-2
EB5 4.08-2 1.12-2
EB6 4.30-2 1.37-2
EB7 3.50-2 7.52-3



NRC Review Question H.F.1:

Describe the scope of the HRA review and the experience and the
qualifications of the individuals reviewing the HRA portions of the IPE

Response:

The HRA was reviewed at all stages of development:

* The individual actions and their resulting operator action forms were reviewed for
both feasibility, conformance to procedures, and clarity by Mark Luksic, a licensed
reactor operator from the Watts Bar Plant, and William Payne, a licensed senior
reactor operator from the Sequoyah Nuclear Plant, who served as consultants to the
PRA team.

* The quantification of the HRA was reviewed internally at PLG, Inc., by Grant A.
Tinsley, a PRA analyst with 11 years of experience. He has participated in over 10
full scale PRAs and has accomplished the HRA on two of those plants.

* The overall HRA analysis and quantification was reviewed at TVA by Steven
Clements of the Corporate Engineering Risk Assessment and Safety Group, who was
responsible for the overall plant model.

* The external reviewer was Ian B. Wall, an independent consultant with over 20 years
experience in all aspects of probabilistic safety assessment for nuclear power plants.
He reviewed the overall results for conformance to IPE Review Checklist D. 1,
Paragraph 1. Human Reliability Treatment Checklist.
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NRC Review Question H.F.2:

NUREG-1335 states "...unless proper justification is provided, all important
recovery actions should have written procedures" (Appendix C, Section 9,
Response to Question 9.1, page C-19). The IPE, however, took credit for
"nonprocedure-guided" recovery actions. Table B-19 included eight recovery
actions that reference no procedure for guidance.

Identify and discuss the contribution of the "non procedure" recovery actions
modeled in the IPE to the total core damage frequency. Also discuss the
measures taken to- assure that operators will be properly trained for these
actions.

Response:

Prior to addressing the specific actions that this question addresses, it is important to mention
that we believe the IPE team's approach to recovery is well reasoned and appropriate. All
recovery actions were reviewed by the licensed operator members of the PRA team to insure
that they were feasible. Some potential recovery actions were eliminated from consideration
because of the operators feedback. Only those that the operators considered within the
operating philosophy of the plant and also implicitly permitted by the procedures were actual
quantified and incorporated into the plant model.

As a result of the importance of the loss of support systems in the risk model, the plant's
training department is putting the loss of CCS and other support systems into their practice
scenarios. Feedback from the operators indicates that they are now much more aware of the
required responses.

The eight recovery actions shown below were identified as those having no referenced
procedure. One action was explicitly directed in the emergency procedures, and the
operators accounted for the procedure in the original evaluation, as indicated below. For the
remainder the following information is provided:

* The importance of each action is extracted from reports generated from the plant
model output.

* Insights regarding the impact of procedures and training are extracted from the SLIM
methodology by which the actions were quantified. The SLIM approach enabled the
operator evaluation team to express its judgment regarding the importance and impact
of the lack of procedures on the likelihood that they would not successfully
accomplish the action. The insights briefly interprets the operators ratings by
correlating their ratings to the evaluation guidance forms from Tables B-5
through B-7.

* The follow-up discussions of the status of measures judged necessary to assure that
operators will be properly trained for these actions.
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HARLI - Recover from An Automatic Sump Swapover Failure. This
action is accomplished under the Emergency Procedure ES-1.2 steps [4-5],
which was inadvertently not referenced. It should be noted that the operators
who evaluated the action were aware of the procedure and considered it in
their evaluation despite the lack of a reference. They rated the procedure as
being both important and helpful. In addition, they indicated that they are well
trained on the simulator to do this action. Thus, this action was used in the
plant model.

HCCSR1 - Align the C-S Pump to the A CCS Heat Exchanger

* Importance:

* Insights:

* Follow-Up:

HCCSR3 - Align
B Train ERCW

* Importance:

* Insights:

* Follow-Up:

Although this action was modeled within split fraction
CCSR1, it was not incorporated into the plant model, as
can be seen in the split fraction logic rules on page 98 of
Appendix D.

The operators rated this action as difficult to do, because
it would be complex and they have never trained to do it.
Their rating of procedures indicated that they are aware
that there is no procedure, but they did not rule out the
possibility of accomplishing this action based on these
two factors. However, they did indicate that it would be
difficult to do and therefore, rated it to have a high
failure rate. (Other actions were ruled out based on
operator feedback.)

AOI-15, step 14, states "Initiate corrective action as
required and restore equipment as conditions allow."
However, no credit was given for this action in the final
plant model, as summarized in the importance statement.
Random CCS failures are now being included in practice
simulator training scenarios.

ERCW Header 2A to Heat Exchanger A, Given Loss of

This action was used in the plant model. Risk
achievement worth for the split fraction containing this
action is 1.5, indicating that the core damage frequency
would increase by 50%, if the operators always failed to
accomplish it.

This action was not directly quantified with operator
evaluations of performance shaping factors.

This action is directed by AOI-13, Section 3.3, step 3
which states "Check supply header 1B." If normal
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conditions are not observed, the RESPONSE NOT
OBTAINED column directs the operators to open the
appropriate valves to achieve the alignment. As stated
above, support system failures such as this one are being
included in practice scenarios on a random basis.

- HCCSRE - Align C-S Pump to Alternate Source of Power, Given Failure
of 2B-1B Shutdown Board

* Importance: This action was not used in the final IPE plant model.

* Insights: The feasibility of this action in light of the operating
philosophy was questioned by the operators.
Consequently, it was dropped from considerations for use
in the model, but inadvertently not removed from the list
of Operator Response Forms.

* Follow-Up: None required.

HDAR1 - Switch
Fails

* Importance:

* Insights:

* Follow-Up:

to Spare Battery Charger, Given Operating Charger

This action was used in the plant model and recovers
from failures of split fractions DAl and DB1. The risk
achievement worth of split fraction DAI and DB1 are
21.0 and 20.8, respectively.

This action was not directly quantified with operator
evaluations of performance shaping factors. Therefore,
there are no insights.

This action is done in response to an alarm. The
requirement is explicitly stated in ARI-17A, step 4, "...if
needed, THEN PLACE spare charger in service." This
reference was inadvertently omitted from the Operator
Response Form.

- HFLAB3CR - Identify and Isolate a Break in the Condensate Storage
Tank Discharge Piping

* Importance: This action was used in the plant model. The action
reduces the frequency of the FLAB3C internal flood
initiating event, which causes a plant trip while also
flooding Elevation 676 of the auxiliary building
sufficiently to cause failure of the RHR and containment
spray pumps, as discussed in Appendix E, Section E. 1,
pages E. 1-22 and 23. When credit is taken for the
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* Insights:

* Follow-Up:

action, the core damage frequency due to the FLAB3C
initiator is 1.8 x 10' per year. If no credit is taken for
the action, the CDF due to the initiating event becomes
2.0 x 10- per year, which is less than 0. I% of the total
CDF.

The operators weighted procedures of moderate relative
importance (W=. 13) and indicated with a degree of
difficulty score of 8 that the procedures can give only
vague guidance for responding to the piping break, which
would tend to make it have a higher degree of difficulty
relative to actions for which precise guidance is
available. However, they also indicated that their
general training and experience is very important
(W=.25) and provides adequate preparation to
accomplish this action (S=4).

None required. The very low importance of this action
and the flexible response required combine to allow this
action to fall within the scope the more general response
training now being accomplished.

HVNVR1 - Restore Ventilation to the 480V Board Room 1BB (2BB),
Given Loss of Room Supply Fan

HVTlAR1 - Establish Portable Ventilation to the Shutdown Board
Transformer Room

* Importance: The action HVNVR1 is modeled in the plant model in
split fraction VNV2R1, which has a risk achievement
worth (RAW) of 1.09 (ranked 122 of 601 split fractions),
indicating that failure to accomplish this action will result
in an approximately 9% increase in CDF. It is also
modeled in split fraction VNVlRl, but the RAW of this
split fraction is less than 1.0, indicating that it appears as
a success at a higher frequency of scenarios leading to
core damage than it appears as a failure.

The action HVT1AR1 is modeled in the plant model in
split fractions VTMARI and VT2ARI, which each of
which has a risk achievement worth of less than 1.0
(ranked 550 and 526 of 601 split fractions, respectively).
This, along with their importance rating of 5.0 x 10'
and 0.0 respectively, indicates that very few scenarios
containing a failure of this action survived the cutoff
frequency of 10' per year for retention in the quantified
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* Insights:

* Follow-Up:

sequence database. Consequently, this action is judged
to have very little importance.

The operators rated the performance shaping factors of
these actions as having equivalent degrees of difficulty.
They placed a moderately low relative weight on
procedures (0.10) and scored the lack of them as a 10
(the most hindering rating). However, they expressed
confidence they could do the action because of its
simplicity (weight - 0.40, score - 1) and determined that
their general training and experience for it was adequate
(weight - 0.1, score - 4) (Reference: Table B-21,
page 4).

HVNVR1 is covered in ARI-139D, 140D step 1 Dispatch
operator to determine cause of alarm and initiate
corrective action.

HVTlAR1 is covered in ARI-1OE, liE, step 3, "Insure
proper ventilation to the transformer rooms." (Note:
This response is currently under administrative hold.)

More specific procedures or additional training are
judged to not be required. This is a slowly evolving
event that is very easily accomplished once the elevated
temperature of the room is recognized. These factors
combine to allow this action to fall within the scope the
more general response training now being accomplished.
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NRC Review Question H.F.3:

The IPE states that common cause failures at the systems level are treated
either explicitly by means of identifying causes of dependent failure and
incorporating them into the system or event sequence models, or implicitly by
using certain parameter to account for their contribution to the unavailability of
the systems. It is not clear from the Watts Bar submittal that an analysis of
human errors from miscalibration was included.

For example, in the Peach Bottom NUREG-1 150 analysis, examination of the
maintenance practices indicated that a single crew performed the calibration of
reactor pressure sensors in a single shift. Further evaluation, which included
examination of the procedures, indicated a high dependence in miscalibration
of these sensors. Failure of these sensors result in the failure of the LPCI and
LPCS valves to open. It was also determined that the operators would fail to
diagnose the cause of LPCI and LPCS failure from miscalibration with a very
high probability. This failure resulted in a dominant contributor in the
NUREG-1150 analysis of Peach Bottom.

Provide a concise discussion describing how the procedures and practices were
evaluated such that this type of failure was not overlooked.

Response:

The potential for calibration errors and the potential for common cause failures as a results
of them is addressed in the individual system notebooks. The system modelers carefully
reviewed the surveillance and calibration instructions for each system to determine the
possibility that calibration errors could remain undetected following the completion of the
procedure, and to include the potential for common cause errors among redundant trains.
Section 1.5 of each notebook documents the review of these instructions. The system
notebooks were reviewed by both the PRA team supervisor and plant personnel for
completeness and soundness of reasoning. No potential problems similar in nature to that
identified in question H.F.3 were identified.
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NRC Review Question H.F.4:

It appears that there are some inconsistencies in the use of the THERP tables
in evaluating the recovery factors of "Assessment of Likelihood of Drain Plugs
left in the Refueling Canal Following Refueling." The reviewers were not
able to verify the table used for RHI-8 step 10, and SI-6.28. Provide details
of the calculation; include in the discussion how the quantification took into
account recognition of procedure use and appropriate execution of SI-6.28.
Also explain why item 4 from Table 20-6 (abnormal operating condition)
applies to administrative control-type activity.

Response:

The overall action is discussed in Appendix B, Section B.3.2, which summarizes the
procedures that apply to this action. The following reasoning was used to select tables from
NUREG/CR-1278 to quantify the individual steps that could influence the failure to remove
the drain plug.

FHI-8, Step 10. Procedure FHI-8 is used by operations to recover from fuel loading
operations. Since recovery will not proceed without this procedure, there is no
credible chance that the procedure will be omitted. The specific step quantified here
is an independent check by operations personnel to insure that the work accomplished
by maintenance personnel was accomplished. The following reasoning was then used
to apply THERP:

- The checking activities are accomplished under the "normal operating
conditions" associated with these activities. Thus, Table 20-22 was judged to
be appropriate.

- As the requirement is for the operations personnel to make sure the
maintenance personnel completed the removal of the plug and installation of
the vortex eliminators, which is a unique one-time requirement rather than a
series of similar checks, the task was considered to qualify under Item (4), or
a human error rate of 0.05 per demand.

- Since operations is checking to insure that maintenance work is complete, the
error rate can be modified per Item (10) by one half. [Item (11) should be
changed to Item (10). There was a typographic error in the reference to that
item.]

- The resulting human error rate is 0.05*0.5 = 0.025 per demand.

* SI-6.28. Procedure SI-6.28 is an entirely independent inspection that produces no
physical change to the plant configuration. It has only one purpose and essentially
one step, that is, to verify that the plug is removed, the vortex is in place, and the
drain is free of debris. Therefore, if the procedure is executed, it is judged that there
is no credible way that the plug remaining in the drain will be overlooked.
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Consequently, the error rate is associated with the administrative controls failing to
insure that procedure SI-6.28 is accomplished. We chose Table 20-6 to reflect this.
Item (4) was selected because recovery from refueling is not a normal operating
condition from an administrative point of view. It happens infrequently, and a very
specific set of administrative controls, the mode 4 checklist, is implemented to
provide confidence that all required procedures are carried out. The resulting human
error rate for not accomplishing the inspection is 0.001 per demand.
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NRC Review Question H.F.5:

The methodology used for evaluating dynamic human errors (SLIM) is based
on eliciting "the operators' judgment and convert their evaluations into
quantitative error frequencies." An underlying hypothesis of this method is
that the operators are at least licensed and the procedures are not in a
developmental stage. However, the Watts Bar operators are inexperienced in
operating Watts Bar. Therefore, one would assume that their input represents
their state of knowledge and experience, which is much smaller as compared
to plants with operational experience. This lack of experience is reflected in
the human error probabilities used in the IPE, which are higher than
probabilities used in a typical IPE. Explain how anticipated human error
probabilities will change after the operators have gained Watts Bar experience;
i.e., are operators' errors comparable to those at current operating plants.

Response:

While it is true that Watts Bar has not yet operated, the operators that participated in the
evaluation were licensed and have participated in training in preparation for operating the
plant. It should be recognized that very few operators have ever actually been challenged to
accomplish many of the actions modeled in the PRA under actual demand conditions in a
power plant. Therefore, much of the experience the operators rely on to make their
judgements arises from their simulator and training experience. The Watts Bar operators'
training on the simulator is therefore judged to provide a good basis on which to make these
judgments.

We believe the operators' errors are comparable to those at current operating plants. This
belief is based on two points:

* The error rates were calibrated to actions involving similar performance shaping
factor profiles rated by operators at currently operating plants. As indicated in the
summary box on IPE page B-16, the Failure Likelihood Index ratings generated by
the Watts Bar Operators averaged in the middle of the scale, which is very
reasonable.

* A comparison to the error rates obtained for similar actions at the Sequoyah Nuclear
Plant, its sister site of the same design, yielded the following results:

Comparison Results Number of
Actions

Watts Bar Higher 24

Sequoyah Higher 14

Plants Equivalent (within a factor of 2) 9

This is good evidence that these two plants have comparable error rates.
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As the operators gains more experience through continued training and actual plant operation,
we expect that the failure rates used in the IPE could go down. However, we consider the
insights derived from the evaluations to be more valuable than the quantified results. The
participation of a licensed operator on the PRA team throughout the entire process of
developing and evaluating the actions has lead to a realistic appraisal of the operator's role in
the plant response.
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NRC Review Question B.E.1:

General Release Category II, "Small, Early Containment Failures and Small
Bypass", contains SGTR which is acknowledged to be a large, early release
(page 1-13). Explain why SGTR was not included in Release Category I,
"Large, Early Containment Failures and Large Bypass"?

Response:

SGTR initiating events are dominated by single tube failures; therefore, from a size point of
view, such events are small diameter bypasses. It was recognized, however, that SGTRs
accompanied by a stuck open secondary side relief or safety valve may in fact produce a
significant source term. This recognition was manifest by reporting SGTRs with a stuck
open valve as a large, early release. The frequency of large, early release reported in the
IPE submittal was the sum of Release Category Group I and that fraction (i.e., 0.55) of
Release Category Group II which was associated with SGTR initiators and a stuck-open
secondary side relief or safety valve.
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NRC Review Question B.E.2:

Page 1-14 indicates that the frequency of a large, early release is
approximately 4% of CDF but page 1-15 states that probability is 6%. Please
clarify.

Response:

As shown in Table 4.6-1, the Watts Bar Plant core damage frequency is 3.3 x 10' per
reactor-year. As indicated on page 4. 10-1, the Watts Bar frequency of large, early releases
is 1.5 x 10-°5 per reactor-year or approximately 4.2% of the CDF. This frequency includes
the frequency associated with SGTR initiating events with a stuck-open secondary side relief
valve. These SGTR events were originally binned to General Release Category Group II
because they involve a small diameter bypass but were reported as a large, early release
because of the magnitude of the source terms. Thus, the statement on page 1-15 was in
error. A corrected page 1-15 is included in this package.
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NRC Review Question B.E.3:

Explain the difference between total containment failure and gross containment
failure as shown on Figure 2-18. It is not clear why, for a given containment
pressure, a gross failure (however defined) is more likely than a leak failure.

Response:

It should first be noted that Figure 2-18 was included in the general methodology section for
illustrative purposes and is not related to the pressure capacity of the Watts Bar Plant
containment. Although the total containment failure probability is merely the sum of the leak
failure probability and the gross failure probability, the original figure did not portray the
sum correctly. A new figure has been included in this package.

It does appear that the example distributions shown in Figure 2-18 were misinterpreted. At
any given pressure, the probability of a gross failure is always less than the probability of a
leak failure.

It should be noted that a number of postulated containment failure modes (e.g., the dome
membrane failure for Watts Bar) involve failures in which the size of the opening can not be
"arrested" once failure is initiated. Furthermore, the presence of leaks will not usually
preclude rapid pressurization of the containment (e.g., at the time of vessel breach) and
therefore, even if a leak "opens up," it will not prevent a gross failure of the containment.
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NRC Review Question B.E.4:

You state that vulnerability may exist if "...the mean large early release
frequency exceeds 5E-05/yr." Discuss your reasons for defining the
vulnerability threshold at this relatively high value.

Response:

No definitions of vulnerability were provided in Generic Letter 88-20 or in the guidance
provided in NUREG-1335. As noted in Section 3.4.3, the mean core damage frequencies
reported in PRAs for PWRs are typically in the range of 5 x 10-5 to 5 X 10-04 per
reactor-year. Thus, since these results are generally acknowledged as being acceptable, it
was assumed that no vulnerability would exist as long as the Watts Bar CDF remained within
this frequency range. The vulnerability criterion for large, early release frequency was
arbitrarily set as a factor of 10 lower than that for CDF, or 5 X 10'5 per reactor year.
Based on these somewhat arbitrary definitions, a vulnerability was further restricted to some
common element which contributes substantially to the frequency criterion.

As noted in Section 4.10.1 (page 4.10-1), the Watts Bar frequency of large, early release is
1.5 x 10"5 per reactor-year which is approximately 4% of the CDF. Based on the
vulnerability criteria previously discussed, there is no identified vulnerability associated with
large, early release. Containment bypasses resulting from SGTR initiators account for more
than one-half of the frequency of large, early releases. These bypass events are defined in
the Level 1 analysis and are not propagated through the "phenomenological portions" of the
containment event tree since the associated release fractions are high and relatively
independent of phenomena which occur in the containment following vessel breach.

As shown in Table 4.6-2, "functional sequences" (i.e., PDSs) involving initially intact
containments were analyzed and reported in the Level 2 portion of the Watts Bar IPE if they
exceeded 1 x 10"6 per reactor-year and if the containment is bypassed, they were reported if
they exceeded 1 x 10-°7 per reactor-year. As shown in the table on page 4.6-1, a total of 23
PDSs were evaluated although several of these (i.e., ENI, GNI, and ENS) were subdivided
to track the availability of air return fans and ignitors.
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NRC Review Question B.E.5:

You state on page 4.8-12 that the conditional failure probability is 0.1, given a
DDT event. Discuss why this NUREG-1 150 value is appropriate for Watts
Bar.

Response:

Plant specific calculations of dynamic load capability was considered to be beyond the scope
of the IPE Level 2 process. The pressure capacity for the Watts Bar containment is
significantly higher than that reported for Sequoyah in NUREG-1 150. The design pressure
of the Watts Bar containment is 15 psig whereas it is 12 psig for Sequoyah. On page S. 12 of
Part 1 of Reference 1, it is noted that the assessed mean failure pressure for Sequoyah is 65
psig. As shown in Figure 4.8-22, even at containment temperatures of 500F, the assessed
median pressure capacity of the Watts Bar containment is approximately 88 psig. Since the
Sequoyah and Watts Bar impulse loadings should be very similar for DDT events, it was
deemed appropriate to use the Sequoyah failure probabilities as an upper bound for the Watts
Bar containment since failure of the Watts Bar containment shell is less likely for the same
impulse load distribution.

The contributions of DDT to the frequency of Release Category Group I is indicated by
conditional split fractions CIT and CET which are discussed in Section 4.8.2 of the IPE
submittal. As noted in Table 4.10-10 of the Watts Bar IPE submittal, the frequency
contributions to Group 1 attributed to these two split fractions are 2.39 x 10-°7 per
reactor-year and 2.04 x 10"8 per reactor-year, respectively. If the values of these two split
fractions are increased to 1.0 (indicating a guaranteed containment failure given DDT), their
respective frequency contributions to Group I increase to 2.39 X 10' per reactor-year and
2.04 x 10-° per reactor-year. These changes would increase the frequency of Release
Category Group I to 9.2 x 10"6 per reactor-year which is 34% higher than the value
reported in the submittal. The frequency of large, early releases would increase by only
approximately 15% to 1.73 x 10-°5 per reactor-year or 5.3% of the core damage frequency.

Thus, even if the Sequoyah conditional probability of containment failure due to DDT were
not appropriate for Watts Bar, the use of an upper bound value of 1.0 would not significantly
alter the results of the study.

It should be noted that Figure 4.8-8 of the IPE submittal incorrectly shows an "OR" gate
under the top event. An "AND" gate is the appropriate gate.
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NRC Review Question B.E.6:

Considering CET Top Event 3, Core Damage Arrested Prior to Vessel Breach
(CV), address the following issue: For each of the KPDSs, what fraction of
the top event success is due to operator action (e.g., feed and bleed), and what
fraction is attributed to a reexamination of the thermal hydraulic success
criteria (note pages 4.5-3 and 4)? (The submittal notes that ac power recovery
after the inception of core damage but before vessel breach was not addressed
in the IPE, page 4.8-17, therefore, ac power recovery does not contribute to
the success of Top Event 3).

Response:

Three KPDSs (BCI, FCI, and LCI) were impacted via Top Event 3 (CV) by the
thermal-hydraulics analyses performed for Watts Bar. A fourth KPDS (LNIYA) was
"screened-out" by assigning a value of 0.0 for the split fraction for this top event. KPDS
LNIYA is discussed in the response to question B.E.7. For all other KPDSs, the value of
the split fraction for Top Event 3 (CV) was set equal to 1.0; i.e., no recovery. The bases
for these split fractions are discussed in Section 4.8.2 of the IPE submittal.

As indicated in the question, there is a component of the success fraction that depends on
operator action. For example, the success fraction for. KPDSs BCI and FCI depend on
successful actions by the operator to implement secondary side depressurization. This action
is modeled by Level 1 Top Event DS. The conditional split fraction of interest (DS7) has a
value of 0.045. Therefore the success fractions for KPDSs BCI and FCI should be adjusted
by a factor of 0.955; i.e., 1.0 - 0.045. This adjustment results in new success "fractions" of
22% and 31% for KPDSs BCI and FCI respectively. These fractions compare to 23% and
32%, respectively, as used in the IPE submittal where operator reliability is ignored. The
revised split fractions for Top Event 3 (CV) for KPDSs BCI and FCI would be 0.78 (CVA)
and 0.69 (CVB), respectively.

In a similar manner, the success fraction for KPDS LCI depends on successful operator
action to initiate feed and bleed cooling. The Level 1 top event of interest is OB which also
includes PORV hardware failures. The conditional split fraction of interest is OB1 which has
a mean value of 0.044. The operator action to initiate safety injection and open the PORVs
is modeled by human action HAOB1 which has a mean value of 0.025 (see Table 3.3.3-11).
Thus, the success fraction for KPDS LCI should be adjusted by 0.975; i.e., 1.0 - 0.025.
This adjustment would lower the success "fraction" from 77% to 75% and the corresponding
split fraction (CVL) would increase from 0.23 to 0.25.

Table 4.10-14 shows the impact on the distribution of frequency among release category
groups of setting the split fractions for Top Event 3 (CV) to 1.0 for all KPDSs; i.e., no core
damage "arrest" for KPDSs BCI, FCI, LCI. and LNIYA. Although taking credit for
"arrest" decreased the frequency of Groups I and III somewhat, the changes were not
significant. The potential corrections for operator action would make a negligible change in
the Level 2 results.
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NRC Review Question B.E.7:

Considering CET Top Event 3, Core Damage Arrested Prior to Vessel Breach
(CV), also address the additional issues:

(1) It is stated on page 4.54 that detailed thermal-hydraulic analysis shows
that scenarios that were originally assumed to result in core damage do
not result in core damage. Provide a concise discussion of this detailed
thermal-hydraulic analysis. Was the MAAP code used to justify the
thermal hydraulic success criteria?

(2) Explain a failure faction of 0.00 for KPDS LNIYA when apparently,
success depends on operator action.

Response:

(1) It is assumed that the reviewer is referring to the statement on page 4.5-4 which
reads:

Top Event CV can also be used to redirect Level 1 scenarios
that were originally assumed to result in core damage but that,
by virtue of detailed thermal-hydraulic analysis performed in
support of Level 2, are shown to not result in core damage.

The thermal-hydraulics analyses alluded to here are those which were performed with
MAAP for the sequences initially selected to represent the KPDSs. These analyses
are discussed in Section 4.8.2. Four KPDSs (BCI, FCI, LCI, and LNIYA) were
impacted by the thermal-hydraulics analyses performed for Watts Bar.

The Level 1 quantification indicated that the highest ranking sequence in KPDS BCI
was initiated by a medium LOCA with failure of high pressure recirculation, but
secondary side depressurization and cooldown was available and implemented in
accordance with normal emergency procedures. The Level 1 model assumed that
core damage could not be prevented without high pressure recirculation. MAAP
analyses indicated, however, that depressurization and cooldown would be
accomplished in the time frame of interest, facilitating the operation of low pressure
recirculation, thereby precluding core damage. Such results are consistent with those
reported for other plants. An examination of sequences in KPDS BCI which were
similar to the top ranking sequence indicated that approximately 23% of the KPDS
BCI frequency would be "recovered" in this manner. MAAP analyses also indicated
that some of the sequences in the remaining 77% of the KPDS frequency might be
"recovered," but no additional credit was given.

The Level 1 quantification indicated that the highest ranking sequence in KPDS FCI
was a small LOCA with failure of high pressure recirculation but with secondary side
depressurization and cooldown available. The loss of RCS inventory occurs even
slower for a small LOCA than for a medium LOCA and MAAP predicts no core
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damage for this highest ranking sequence in KPDS FCI. As indicated in
Section 4.8.2, "...an examination of the sequences in KPDS FCI indicated that 32%
of the sequences were similar to the representative sequences."

As reported in Section 4.8.2, the Level 1 quantification for high pressure KPDS LCI
indicated that the highest ranking sequence involved the availability of the bleed and
feed function but with only one PORV. MAAP analyses of this scenario also
indicated that core damage would be prevented. Such scenarios involved 77% of the
KPDS frequency.

KPDS LNIYA is discussed in the response to Part (2) of this question.

Reference 5 notes that "...MAAP is adequate for predicting thermal-hydraulic
behavior prior to clad damage unless certain thermal-hydraulic conditions are
encountered." The analysis performed by MAAP for the KPDSs where core damage
was averted did not result in core uncovery and stable RCS conditions were predicted.
The only condition cited in Reference 5 which would invalidate the MAAP
predictions was that where "...the break location gives rise to a quasi-steady state
two-phase flow conditions." This condition was not encountered in the MAAP
analyses of the representative sequences for the KPDSs of interest.

(2) As noted on page 4.8-16, the value of the Top Event 3 (CV) split fraction for LNIYA
was set to 0.0 to "screen-out" this KPDS from further reporting. As noted in
Section 4.6.1, KPDSs with initially intact containments were not "analyzed" in Level
2 if their frequency was less than 1 x 104"6 per reactor-year; i.e., the Generic Letter
88-20 reporting criteria. The frequency of LNI including all of the variations of air
return fan and ignitor availability contained therein (i.e., LNIYA and LNIYC) is
1.4 x 10-o6 per reactor year. However, when LNI is subdivided to account for air
return fan availability, KPDS LNIYA has a frequency of 5.3 x 10-'per reactor year
which was well below the reporting criteria for functional sequences. Furthermore,
MAAP analysis of the highest ranking sequence in LNIYA indicated that it did not
result in core damage. Thus, rather than determine the exact fraction of "success" for
this KPDS whose frequency was already below the reporting criteria, it was screened
out from further consideration in the Level 2 model by setting the split fraction for
Top Event 3 (CV) equal to 0.0.

KPDS LNIYC could have been "screened-out" for the same reason but since its
frequency of 9.0 x 10-07per reactor-year was so close to the screening criteria and it
involved the potential for vessel breaches at high pressure, it was retained in the
Level 2 analysis.

On page 4.8-16, the text incorrectly refers to KPDS LNIYN. KPDS LNIYC should
be substituted for KPDS LNIYN. As noted in Table 4.6-3, there is no core damage
frequency identified for LNIYN. A corrected page has been included in this package.
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NRC Review Question B.E.8:

What is the impact of CET Top Event 7, "No Induced RCS Hot Leg or Surge
Line Failure (IP)," on the final release categories and containment failure
probabilities? How important is the maintaining of a loop seal on the success
of Top Event 6, "No Induced Steam Generator Tube Rupture (IS)"? Is there
any consideration given to restarting the reactor coolant pumps under high
temperature and dry steam generator conditions?

Response:

Table 4.10-10 shows the importance of the split fractions associated with CET Top Event IP
to the frequency of Release Category Group 1. As indicated, conditional split fraction IPS
(which is applied to core damage progression scenarios at RCS pressures near the system's
setpoint) appears in only 3.5% of the Release Category Group 1 frequency. If the value of
IPS was changed from 0.768 to 0.0 (thereby eliminating induced hot leg/surge line failures
as a means of depressurizing the RCS prior to vessel breach and subjecting the containment
to additional challenges due to high pressure melt ejection), the Release Category Group 1
frequency would increase only by a factor of 1. 14 (as indicated by the "Reduction" measure
of importance). Thus, the frequency of Release Category Group 1 would only increase from
6.9 X 10 6per reactor-year (2. 1 % of CDF) to 7.9 x 10-6 reactor-year (2.4 % of CDF).
This relatively small increase in frequency can be directly attributed to the relatively small
fraction of high pressure scenarios. Containment failure probabilities are not directly
impacted by changes in the value of the split fraction for Top Event IP. However, the
conditional split fractions for failure at vessel breach are a function of the vessel pressure at
the time of vessel breach. Thus, if the distribution of RCS pressure at the time of vessel
breach is altered by changes in the value of IPS, a different mix of the existing containment
failure split fractions will be used. This is what causes the slight increase in Release
Category Group 1 frequency. The frequency of large, early release is dominated by SGTR
events from Release Category Group II. Thus, the increase in frequency of large early
releases assuming no induced hot leg failures is rather small.

If the loop seals clear, gross, one-way natural circulation could occur in the RCS. Since the
walls of the steam generator tubes are much thinner than those of the hot leg piping or surge
line, it is possible that the average wall temperature in the tubes could exceed that of the hot
leg or surge line, and even though the Larson-Miller data for the steam generator tubes is
more favorable to resisting creep rupture, the faster response to the temperature of the gas
could increase the probability of steam generator tube rupture. While spontaneous loop seal
clearing is possible, "bumping" the RCPs is expected to be a much more likely
mechanism for loop seal clearing.

No consideration was given in the IPE submittal to the possibility of restarting the reactor
coolant pumps under high RCS pressure and dry steam generator conditions. The issue of
recovery following severe core damage was not specifically addressed in the IPE submittal.
Normally, the events most likely to produce core damage while the RCS is at high pressure
are those that involve station blackout. However, the KPDSs of interest (LCI, LNIYA,
LNIYC, KNSYA, KNSYC, and KNI) for Watts Bar do not involve station blackout.
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Together, the "unarrested frequency" of the Watts Bar KPDSs of interest is approximately
9.4 x 10-01 per reactor year or 2.8% of the core damage frequency. However, not all of
this frequency is subject to induced steam generator failure since stuck open PORVs or SRVs
can also reduce RCS pressure. As shown in Table 4. 10-10, conditional split fraction ISS for
CET Top Event IS is assigned a value of 0.014 and appeared in approximately 0.9% of the
Release Category Group 1 frequency. If this conditional split fraction were arbitrarily set to
1.0 (implying that all of the KPDS frequency of interest which reaches this top event results
in steam generator tube failure), as indicated by the Risk Achievement column in
Table 4.10-10, the frequency of Release Category Group 1 would increase by a factor of
approximately 1.5, thereby increasing the frequency of this release category group from
approximately 2% of the CDF to approximately 3% of the CDF.

The value for split fraction ISS of 0.014 was taken directly from Reference 3.
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NRC Review Question B.E.9:

Both of the following key assumptions used in the WBl IPE MAAP
calculations (Section 4.7.1.1, page 4.7-2) raise a question:

(1) The median containment failure pressure was assumed to be 105 psia,
which is 5 psia below the lowest failure pressure given in Table 4.4-1
of the submittal report; the base slab flexure failure mode has a failure
pressure of 95 psig, which converts to about 110 psia. Was a lower
failure pressure intentionally used? If so, discuss other similar
conservatism incorporated into the analyses.

(2) A relatively small fraction (3%) of the dispersed debris was assumed to
fragment finely and therefore participate in direct containment heating
(DCH) and rapid zirconium oxidation. What is the basis for this
assumption?

Response:

(1) A lower containment failure pressure was not intentionally used as the reviewer
suggests. As indicated in Table 4.4-1, the baseslab flexure, equipment hatch
buckling, and dome membrane failure modes all result in "catastrophic" failures and
are not correlated with one another (i.e, they are independent of one another). The
dome membrane failure mode is correlated with the cylinder hoop and penetration
bellows failure modes but it is the most limiting of the three. In assessing the total
probability of a large containment failure, all three of these independent failure modes
must be combined. An example of this combination process is given in Figure 4.8-20
which shows the relative probability of various failure modes for slow pressurization
at a containment temperature of 300'F as well as the total probability of a large
failure. Since the baseslab flexure failure mode is assumed to be independent of
temperature, the median failure pressure for this failure mode is the same as it was
for room temperature; i.e., 95 psig. As shown in Figure 4.8-20, however, the
median failure pressure accounting for all three independent failure modes is
approximately 90 psig (approximately 105 psia). Thus, when more than one
containment failure mode is possible and these failure modes are independent, the
pressure capacity for the combined modes will be lower than that for the individual
failure modes.

(2) It should be emphasized that the MAAP calculations of the pressure rise at vessel
breach were not used in the Watts Bar containment performance quantification
process. Figure 4.8-10 compares a result obtained with a "best-estimate" MAAP
calculation with corresponding distributions for containment pressure rise at vessel
breach which were taken from NUREG/CR-4551 (Reference 1, for the Sequoyah
plant). The NUREG/CR-4551 pressure rise distributions were used in the Watts Bar
containment performance evaluation.
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A value of 0.03 for the fraction of dispersed debris assumed to fragment finely and
participate in DCH and rapid zirconium oxidation is recommended for most plants in
the EPRI guidebook for sensitivity analysis (Reference 2) as a best estimate value.
As indicated in Figure 4.8-10, this recommended value produces results which "fall"
on the lower tails of the NUREG/CR-4551 distributions. The EPRI guidebook
recommends "that a value of 1.0 be input for at least one sequence in which the
primary system fails at very high pressure." Because the NUREG/CR-4551 pressure
load distributions were combined probabilistically with the Watts Bar containment
failure mode capacity distributions using a stress-strength interference model to
determine the conditional probability of containment failure at vessel breach (see
discussion for CET Top Event C2 in Section 4.8.2), MAAP sensitivity studies based
on this parameter were not performed.
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NRC Review Question B.E.10:

The table on page 4.6-1 of the submittal apparently contains a redundant
column because the values are identical in both columns: "PDS Frequency per
Reactor Year" and "KPDS Frequency per Reactor Year."

Response:

The table on page 4.6-1 contains two errors which were made when the PDS frequencies
were rounded off to two significant figures. First, the table incorrectly identifies PDSs GNS,
FCB, FCS, KTL, ETL, and FNS as being subsumed into KPDS HGI. As indicated in
Section 4.6.1 (page 4.6-2), these PDSs were actually subsumed into KPDS EIB, increasing
the KPDS frequency by approximately 55% to 5.5 x 10-06 per reactor-year. It should be
noted that the table on page 4.6-1 also fails to indicate that the total frequency of KPDS EIB
is this latter value. When this latter correction is made, the two columns no longer have
identical entries. A corrected version of page 4.6-1 is included in this package.
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NRC Review Question B.E.11:

Section 4.6.2.9, page 4.6-7 of the submittal, notes that the containment is
manually isolated for the KPDS HGI. However, the table on page 4.6-1 notes
that the KPDS HGI subsumed the containment isolation failure PDSs, GNS,
FCS, KTL, ETL and FNS, which together constitute 42% of the KPDS HGI
core damage frequency (3. lE-6). Explain the apparent inconsistency.

Response:

As noted in the response to question B.E. 10, the table on page 4.6-1 incorrectly identifies
PDSs GNS, FCB, FCS, KTL, ETL, and FNS as being subsumed into KPDS HGI. As
indicated in Section 4.6.1 (page 4.6-2), these PDSs were actually subsumed into KPDS EIB,
increasing the KPDS frequency by approximately 55% to 5.5 x 10"6 per reactor-year. It
should be noted that the table on page 4.6-1 also fails to indicate that the total frequency of
KPDS EIB is this latter value. A corrected version of page 4.6-1 is provided.

As indicated by the table on page 4.6-1, of the 26 plant damage states with a frequency of
1 x 10-1 per reactor-year or greater, 23 were represented in the Level 2 analysis. Referring
to Table 4.6-1, the only PDSs with frequencies greater than 1 x l07 per reactor-year which
were "not analyzed" in Level 2 were DCI (9.9 x 10-0), LGI (4.6 X 10-7), and AGI
(1.5 x 10-o). Each of these PDS involves an initially intact containment and each have a
frequency which is less than the Generic Letter reporting criteria. The combined frequency
of these three PDSs represents less than 0.5 percent of the CDF.

As noted in Section 4.6-1, the source term associated with KPDS EIB (HANIB) is significant
(SGTR with a stuck-open steam generator relief valve). PDS FCB (HAYCB) was binned to
KPDS EIB since the former also represents a SGTR bypass, but its frequency is much lower
than that of PDS EIB. The remaining PDSs subsumed into KPDS EIB represent large (KTL
and ETL) and small (GNS, FCS, and FNS) isolation failures. No specific reporting guidance
was given in Generic Letter 88-20 relative to screening criteria for functional sequences
involving containment isolation failures. The two PDSs involving large containment isolation
failures could produce source terms which approximate that of the SGTR bypass representing
KPDS EIB. The source terms for the PDSs involving small containment isolation failures
could be substantially less than that for KPDS EIB. Thus, since there was no identified
screening criteria for PDSs (functional sequences) involving containment isolation failures,
the potential for large, early releases was recognized by binning these PDSs into KPDS EIB
which was known to produce a large, early release.
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NRC Review Question B.E.12:

In describing the PDS matrix in Figure 4.3-1, the steam generator cooling
available in Column 2 of the table is identified as Y. This follows the
explanation given in Section 4.3.2, page 4.3-6 of the submittal, which notes
that "the second character (Y, X, or N) denotes the status of steam generator
cooling." However, Column 4 of the same figure and subsequent definitions
of PDSs use the character A to represent availability of the steam generator
cooling.

Although this change in definition does not affect the outcome of the IPE,
consistency in nomenclature would help reduce confusion.

Response:

The reviewer has correctly observed that an inconsistency in nomenclature appeared during
the IPE process. The easiest solution to this inconsistency is to change Y to A in
Figure 4.3-1 as well as in the definitions provided on page 4.3-6. It should also be
recognized that the 3 letter bins were adopted to facilitate binning during Level 1
quantification. A corrected Figure 4.3-1 and page 4.3-6 are included in this package.
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NRC Review Question B.E.13:

In response to the CPI Program recommendation, the WBI IPE assumed that
all of the CDF associated with KPDSs with the ignitors unavailable would
result in containment failure at some time (Section 4.10.4, page 4.10).
Despite this assertion in the IPE, hydrogen burn originated early containment
failures appear to account for only 5 % of the large, early release category.
Based on the above assertion, it would appear that containment failure would
result from all station blackout events. Where are the containment failures
associated with station blackout events channeled, since presumably they will
lead to containment failure?

Response:.

As discussed in Section 4.6.1 and indicated in Table 4.6-3 (KPDSs appearing in columns
headed by "B" or "N") the five KPDSs with ignitors unavailable are ENIYN, EN1YB,
GNIYN, ENSYN, and ENSYB. Together, these five KPDSs represent approximately 11 %
of the core damage frequency determined in the Level 1 analyses. The remaining PDSs with
ignitors unavailable (FCIYB and FNIYB) were not defined as KPDSs and combined, account
for less than 0. 1 % of the core damage frequency determined in the Level 1 analyses.

The frequency associated with each of the four KPDSs was assigned to release category
groups as follows:

KPDS Group I Group H Group m
ENIYN 2.1 x 10-°7 0.0 2.6 x 10-°5
ENIYB 3.1 x 10-08 0.0 3.9 x 10-6
GNIYN 7.6 x 10- 0.0 2.4 x 10-6
ENSYN 0.0 2.9 x 10-06 0.0
ENSYB 0.0 3.5 X 10- 0.0

As indicated in Section 4.8.2, KPDS ENIYN is represented by a sequence which is initiated
by loss of offsite power. The Unit 1 onsite diesel generators fail to provide backup power to
emergency buses but the turbine-driven pump is available to supply auxiliary feedwater. The
loss of all seal cooling leads to a seal LOCA. Operators initiate steam generator
depressurization to limit the rate of seal leakage (leak area equivalent to 250 gpm/RCP at
normal RCS operating pressure and temperature). Due to the availability of Unit 2 batteries
to supply DC power to Unit 1, the turbine-driven AFW pump can operate indefinitely and
steam generator water level can be controlled.

MAAP analysis of this slowly developing sequence predicts that core uncovery will not occur
until after 19 hours. Significant clad oxidation and hydrogen production does not occur until
after 22 hours and vessel breach is not expected until 28 hours. Although hydrogen could be
released to the containment as early as 22 hours and by definition, "early (prior to, at, or
within 4 hours of vessel breach) containment failure" due to hydrogen burns could occur, the
slowly developing nature of this sequence and the availability of instrumentation to monitor
the progress of the scenario and provide input for emergency response suggested that any
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containment failures resulting from such burns be classified as late containment failures.
Furthermore, it is likely that AC power can be recovered prior to 19 hours, thus precluding
core damage altogether. Such recovery was not credited in the Level 2 model.

As discussed in Section 4.6.2.1, KPDS ENlYB is initiated by a loss of train A of 6.9-kV
shutdown power. An independent failure of the train B 480-V shutdown board also occurs.
The loss of these two electrical system trains leads to the loss of CCS train A and of both
centrifugal charging pumps for RCP seal injection, thus leading to a seal LOCA. Only one
train of low pressure injection is available. The turbine-driven AFW pump is available to
supply feedwater to the steam generator and depressurization is successful. As indicated, in
Section 4.7.2.4, the low pressure injection pump begins to function at approximately 2 hours
as the RCS pressure drops below its shutoff head. For the next 1-1/2 days, the RCS
pressure "floats" on the shutoff head of the pumps, which is approximately equal to the final
secondary side pressure. Injection is not expected to be lost until approximately 35 hours
and core uncovery is not expected until after 48 hours. This sequence develops even slower
than that for KPDS ENIYN. Therefore, for the same reasons, the frequency of KPDS
ENIYB which did not result in early containment failure was assigned to Release Category
Group III, late containment failures.

KPDS GNIYN is represented by a fast station blackout scenario. As indicated in the above
table, 24% of this KPDS frequency was assigned to Release Category Group I, Large, Early
Containment Failures and the remainder (2.4 x 10' per reactor-year) was binned to Release
Category Group III, Late Releases and Long Term Releases. To conservatively assess the
impact of these fast station blackouts, the latter frequency should have been assigned to
Release Category Group I. This assignment would increase the frequency of large, early
releases from 1.5 x 10-°5 to 1.7 x 10-05 per reactor year (approximately 5% of the CDF).

KPDS ENSYN involves sequences involving loss of all AC power, the turbine-driven AFW
pump and depressurization are available, and a small containment bypass via the RCP seal
return lines. The loss of seal cooling leads to a seal LOCA. As indicated in the above table,
its entire frequency was assigned to Release Category Group II. This sequence, like the
others involving depressurization and indefinite operation of the AFW, result in a relatively
slow accident progression. Thus, early releases due to containment failure are not likely.

The representative sequence for KPDS ENSYB is similar to that for KPDS ENSYN except
that power is available to an air return fan.
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NRC Review Question B.E.14:

As reported in NUREG-1 150 for Sequoyah, the percentage contribution CDF
associated with either early containment failure or basemat melt-through is
significantly lower for WB1 than Sequoyah. Explain the possible reasons.

Response:

Relative to early containment failure, it should be noted that the pressure capacity for the
Watts Bar containment is significantly higher than that reported for Sequoyah in
NUREG-1 150. Therefore, given a similar pressure loading and "mix" of sequences, the
conditional probability of early containment failure would be lower for Watts Bar. On
page S. 12 of Part 1 of Reference 1, it is noted that the assessed mean failure pressure for
Sequoyah is 65 psig. As shown in Figure 4.8-22, even at containment temperatures of
500'F, the assessed median pressure capacity of the Watts Bar containment is approximately
88 psig.

It should also be noted that according to Figure S.2 on page S.9 of Reference 1, bypasses
represent 5.6% of the Sequoyah core damage frequency. As shown in Table 4.6-1 of the
Watts Bar IPE submittal, the contribution of large and small bypasses to core damage
frequency is approximately 6.9 x 10-)6 per reactor-year or 2. 1 % of the CDF. Bypasses are
also treated as early releases.

It is believed that the above observations are the major reasons that the Watts Bar percentage
contribution of CDF associated with early containment failure is lower than that reported for
Sequoyah in NUREG-1 150.

Relative to basemat melt-through, Figure S.2 in Part 1 of Reference 1 indicates that the
conditional probability of a basemat melt-through, late or very late containment failure is
approximately 0.21 (i.e., 21 % of the CDF) compared 0.29 for Watts Bar. On page S.9
(Part 1, Reference 1), it is noted that "late failure may be due to hydrogen ignition some
hours after vessel breach, basernat melt-throlgh (BMT), or eventual overpressure after
several days if containment heat removal (CHR) is not restored." Furthermore, pages S.9
and S. 10 state that "...of these three late failure modes, eventual overpressure is the most
likely for internal initiators...." As indicated in the Watts Bar containment event tree (see
Figure 4.5-1 of the IPE submittal), late containment failure was addressed before basemat
melt-through was questioned. Top Event BI (No Basemat Penetration) is not addressed if the
containment is predicted to fail by overpressure. The source terms associated with basemat
melt-through are believed to be relatively benign. Furthermore, as noted on page 4.8-31 of
the Watts Bar IPE submittal, "there is somewhat of a race between the basemat melt-through
and late overpressure containment failure modes." By ordering the top events as they were,
it was assumed that late overpressure failures would occur prior to basemat melt-through and
that such failures would produce a more significant source terms. In many PRA studies, the
basemat melt-through source terms are approximated (as an upper bound) by those associated
with late overpressure failures.
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NRC Review Question B.E.15:

The KPDS LNIYA does not lead to core damage since core damage was
arrested prior to vessel breach (note Table 1 of this report). Thus, LNIYA
ends up in Release Category Group IV (see page 4.117 of the submittal).
However, the KPDS LNIYC does lead to core damage and ends up in Release
Category Groups I and III (see pages 4.1-11 and 4.1-14 of the submittal).
Explain why LNIYC goes to core melt, when LNIYA does not, when the only
difference in these two KPDSs appears to be that in "A" the air return fans are
available while for "C" they are not (see page 4.6-14 of the submittal).

Response:

When KPDS LNI was decomposed into LNIYA and LNIYC, the highest ranking sequences
in the latter were somewhat different. The highest ranking sequence in LNIYA had two
charging pumps and high pressure injection and recirculation available but only one PORV.
In the Level 1 analysis, this representative sequence was assumed to result in core damage
because it was assumed that two PORVs were required for success.

The highest ranking sequence in LNIYC involved the loss of all DC control power and hence
is similar to a fast station blackout except that the normally operating charging pump is
available for injection and PORVs are unavailable.

As noted in the response to question B.E.7, KPDS LNIYA has a frequency of 5.3 x 10-0
per reactor year which is well below the reporting criteria. Furthermore, MAAP analysis of
the highest ranking sequence in LNIYA indicated that it did not result in core damage.
Accordingly, the KPDS was screened out from further consideration in the Level 2 model by
setting the split fraction for Top Event 3 (CV) equal to 0.0.

KPDS LNIYC could have been "screened-out for the same reason but since its frequency of
9.0 X 10-07 per reactor-year was so close to the screening criteria and it involved the
potential for vessel breaches at high pressure, it was retained in the Level 2 analysis.
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NRC Review Question B.E.16:

Section 1.4.3.2 states that the contribution of hydrogen ignitor unavailability is
relatively small to release Categories III and IV as concluded in Section 4.10
of the submittal. However, Section 4.10.6, page 4.10-5, states that the
contribution of the hydrogen burn is important only in group III events. It
further states that sequences without the air return fans and ignitors are
substantially involved in core damage sequences typified by station blackout
(11% of CDF or 3.6E-5 per reactor year). Explain the apparent contradiction.

Response:

As indicated in the response to question B.E. 13, the total frequency of KPDSs with ignitor
unavailability (ENIYN, ENIYB, GNIYN, ENSYN, and ENSYB) is 3.6 X 10-5 per
reactor-year which is approximately 11 % of the core damage frequency. Of this frequency,
1 x 10-06 per reactor-year was binned to General Release Category Group I, Large, Early
Containment Failures and Large Bypasses; 3.3 x 10"6 per reactor-year was binned to
General Release Category Group II, Small, Early Containment Failures and Small Bypasses;
and the remainder (3.2 X 10"5 per reactor-year) was binned to General Release Category
Group III, Late Releases and Long-term Releases.

As indicated in Table 4.10-7, the KPDSs (ENIYN, ENIYB, and GNIYN) involving ignitor
unavailability which were assigned to Release Category Group III account for approximately
34% of the General Release Category Group III frequency (9.5 x 10i"5 per reactor-year).
Thus, the statement in Section 1.4.3.2 (page 1-15) is incorrect. A corrected page is included
in this package.
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NRC Review Question B.E.17:

Section 4.10.6 discussed the availability of the air return fans (ARFs) and
hydrogen ignitors, with emphasis on manual actuation of the ARFs and
ignitors during a loss of all ac power. However, the vulnerability and need
for the uninterruptive power supply to the ARFs and ignitors were not
discussed in the IPE.

Page 4.8-10 states that NUREG/CR-4551 for Sequoyah has treated ac power
recovery during core degradation if the ignitors were not available. It further
states that the Watts Bar IPE submittal did not include the power recovery
aspects for conciseness. It appears that this omission is not consistent with GL
88-20, Supplement 4, on uninterruptive power supply to ignitors. Please
clarify.

Response:

Section 4.10.6 did not discuss manual operation of the ARFs. Air return fans are initiated
by a containment Phase "B" Isolation signal. Thus, if AC power is recovered and a Phase
"B" Isolation signal exists, the air return fans will start automatically.

As noted in Section 4.10.4, Supplement 3 (not Supplement 4) to Generic Letter 88-20
requests that licensees with ice condenser containments "...evaluate the vulnerability to
interruption of power to the hydrogen ignitors as part of the IPE." As indicated in the
Supplement 3 discussion for Mark III containments, the issue involves station blackout events
and whether a detonable mixture of hydrogen could be achieved which could be ignited upon
restoration of power. It is suggested that "...a backup power supply meeting the
requirements for the Alternate AC option of the Station Blackout Rule would be one method
of ensuring uninterrupted operation of the hydrogen igniters." Thus, the issue appears to be
one of whether or not the recovery of AC power could trigger a hydrogen burn which would
fail the containment.

Watts Bar Emergency Instruction ECA-0.0, Loss of all AC Power, instructs the operator to
download certain equipment such as the safety injection pumps and containment spray pumps
(but not the air return fans) from the emergency buses by placing their switches in the
PULL-TO-LOCK position. Furthermore, by procedure, the hydrogen ignitors are also
placed in the OFF position. Before power is provided to the ignitors, the operator must
determine the volumetric concentration of hydrogen in the containment. If the containment
hydrogen concentration is greater than 6%, the operators are precluded from energizing the
ignitors. Thus, inadvertent ignition due to energizing the ignitors when hydrogen
concentrations are high is not likely.

Upon recovery of AC power, there may be other sources of ignition which could initiate a
burn if hydrogen concentrations are high. Reference 6 (page A. 1.1-41, Question #31)
addresses the effectiveness of ARFs prior to hydrogen ignition.
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"The subject of concern is whether or not the ARFs can mix the containment
atmosphere before any hydrogen ignition occurs. If hydrogen ignition occurs
before mixing is achieved, there are potentially high concentrations of
hydrogen in certain areas of containment, especially in the IC and the upper
plenum of the IC. For recovered station blackouts, the chance of hydrogen
ignition before the ARFs mix the containment atmosphere was considered to
be somewhat unlikely.....'

For this case, it was judged that the probability that the ARFs would effectively mix the
containment atmosphere before hydrogen ignition occurs would be 0.83. Thus, operation of
the ARFs is extremely important during the recovery of AC power.

As indicated in Table 4.5-1, the status of AC power prior to uncovering the core is implicit
in the PDSs. The recovery of AC power after core uncovery was considered to be an
accident management issue and was not addressed in the IPE submittal. As discussed in the
response to question B.E.13, more than 90% (3.3 x 10-05 per reactor-year) of the frequency
associated with ignitor unavailability involves sequences in which auxiliary feedwater is being
supplied to the steam generators and depressurization has been successful. Thus, the time to
core uncovery is relatively long and the time between core uncovery and beginning of core
damage is significant. The time window between core uncovery and core damage was not
given any credit in the IPE study; therefore, the positive aspects of AC power recovery
(restoration of vessel makeup prior to core damage) must be addressed as well as the
potential for hydrogen ignition following the initiation of core damage and clad oxidation.

Based on the definitions of vulnerability adopted for the Watts Bar IPE (see response to
question B.E.4), the only way a vulnerability could be identified is if all of the frequency
involving ignitor unavailability is arbitrarily binned to large, early releases. However, as
noted in the response to question B.E. 13, the core sequences of interest develop relatively
slowly and thus any hydrogen burn induced containment failures initiated by AC power
recovery should be classified as late failures.

It should also be noted that the occurrence of a hydrogen burn does not guarantee
containment failure. Furthermore, recovery of AC power may occur in the time window
before clad oxidation begins. Thus, the frequency of burn induced containment failures due
to recovery of AC power would be substantially lower than that of the related KPDS
frequencies.
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NRC Review Question B.E.18:

Explain under what environmental condition credit is taken for operation of the
air return fans. For example, given hydrogen combustion inside containment,
how is the operability of the system motors, dampers, and electrical cables
assured (page 4.1-8).

Response:

To limit the number of top events in the containment event tree to a manageable number, the
status of ARFs after burns was not explicitly modeled in the Watts Bar containment event
tree (see Table 4.5-1 of the IPE submittal). Reference 6 (page A. 1.1-87, Question #60 and
page A.1.1-132, Question #84) addresses the issue of ARF impairment following early burns
and burns at vessel breach. For cases in which there is a burn in the upper or lower
compartment, it was considered likely that the fans would continue to operate. This
conclusion formed the basis for the Watts Bar assumption although Reference 6 assigned a
probability of 0.75 to continued fan operation.

A bounding calculation of the effect of air return fans can be made by examining the
contribution of conditional split fraction HOB to the frequencies of Release Category Groups
III and IV. As indicated in Tables 4.10-12 and 4.10-13 of the IPE submittal, this split
fraction appears in approximately 66% and 80% of the Group III and IV frequency,
respectively. If it is assumed that the fans fail at the initial burn with a probability of 0.25
(the NUREG/CR-4551 estimate) and furthermore that fan failure at this time guarantees an
early containment failure at CET Top Events C2 or CE, then a frequency of 1.6 x 10'5 per
reactor-year (0.25 x 0.66 x 9.5 x 10-"5) should be moved from Group III to Group I and a
frequency of 4.4 x 10-5 per reactor year (0.25 x 0.8 x 2.2 x 10-4) should be moved from
Group IV to Group I. This would increase the frequency of Release Category Group I to
6.7 x 10-05 per reactor year (6.9 x 10"6 + 1.6 x 100-5 + 4.4 x 10-05). The revised Group
I frequency represents approximately 20% of the core damage frequency. It must be
emphasized that failure of the air return fans does not guarantee containment failure.

The NUREG/CR-4551 estimate for fan survivability which was used in this IPE is believed
to be pessimistic for Watts Bar. For example, KPDS FNI contributes to approximately 39%
of the Release Category Group III frequency. The representative sequence for this KPDS
(SQN14B) is initiated by a loss of component cooling water, successful secondary side
depressurization and cooldown, no recirculation, and a RCP seal LOCA. Prior to vessel
breach, the release of hydrogen to the containment occurs relatively slowly, via the RCP
seals. Since secondary side cooldown and depressurization are available in this KPDS, the
release through the seals occurs over a long period of time and the amount of hydrogen
released at vessel breach, which occurs at approximately 21 hours, is relatively modest.
Hydrogen burns will occur at very low concentrations, minimizing the exposure of fans to
high temperatures. The initial burn (i.e., at CET Top Event HO) is predicted to occur at
approximately 15 hours, well before vessel breach. As shown in attached Figures 1 and 2,
peak volumetric fractions of hydrogen do not exceed 6% and maximum containment gas
temperatures are approximately 300'F in the time frame of interest. The air return fans are
qualified to 3270 F and 11.2 psig.
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As shown in Table 4.10-9 of the IPE submittal, KPDS ENIYA contributes approximately
49% of the Group IV frequency. The representative sequence for this KPDS (ENI8) is
initiated by total loss of essential raw cooling water (ERCW). Loss of ERCW causes failure
of the component cooling water system (CCS) and the RCPs are tripped. However, the loss
of RCP seal cooling results in a RCP seal LOCA. High pressure injection and the
centrifugal charging pumps are failed. Successful secondary side cooldown and
depressurization permit operation of low pressure injection but successful operation of the
containment sprays depletes the RWST rapidly. There is no recirculation capability. As
shown in attached Figures 3 and 4, peak hydrogen concentrations and containment
atmosphere temperatures are very similar to those for KPDS FNI. Thus, the air return fans
would not be subjected to conditions greater than those of the design basis LOCA.

Table 4.10-9 also shows that KPDS FCI contributes approximately 40% to the frequency of
Release Category Group IV. The representative sequence for this KPDS (FC14) is a small
LOCA with successful high pressure injection but no recirculation. Secondary side cooldown
and depressurization are successful. As shown in attached Figures 5 and 6, volumetric
hydrogen fractions never exceed 6% in the time frame and interest. Although the
temperature of the lower containment compartment atmosphere peaks at slightly more than
500TF, the duration of this temperature spike is extremely short and thus it is not likely that
equipment temperatures will approach the peak temperature.

In summary, most early burns are expected to occur at hydrogen concentrations which will
produce minimal temperature and pressure rise. Thus, the credit given in the IPE study is
justified.
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NRC Review Question B.E.19:

Section 4.6. 1, page 4.6-2 of the submittal notes that the KPDS EIB subsumed
the PDSs, GNS, FCB, FCS, KTL, ETL, and FNS yielding a total frequency
of 5.5E-6 per reactor year. This is consistent with the PDS frequency values
given on Table 4.6-1, page 4.6-11. The PDS EIB frequency value of 3.7E-6
changes to 5.5E-6 for the KPDS EIB as it subsumed the six PDSs with a total
frequency of 1.8E-6. This fact is not reflected in the frequency value for
KPDS EIB given on the table on page 4.6-1. (Also, this table shows KPDS
HGI but not EIB subsumed the other PDSs). Explain the apparent
discrepancy.

Response:

As noted in the responses to questions B.E. 10 and B.E. 11, the table on page 4.6-1 has
several errors. The analysis was performed with the aforementioned PDSs correctly
subsumed to KPDS EIB with a frequency of 5.5 x 10" per reactor-year. A corrected
version of page 4.6-1 is included in this package.
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NRC Review Question B.E.20:

Page 4.7-3 indicates that "a relatively small fraction (3%) of dispersed debris
was assumed to.... participate in DCH. " Discuss the basis for this fraction in
comparison to the range of NUREG-1 150 values.

Response:

This question is nearly identical to question B.E.9 (2). Therefore, the response to this
question is identical to the earlier response.

It should be emphasized that the MAAP calculations of the pressure rise at vessel breach
were not used in the Watts Bar containment performance quantification process.
Figure 4.8-10 compares a result obtained with a "best-estimate" MAAP calculation with
corresponding distributions for containment pressure rise at vessel breach which were taken
from NUREG/CR-4551 (Reference 1, for the Sequoyah plant). The NUREG/CR-4551
pressure rise distributions were used in the Watts Bar containment performance evaluation.

A value of 0.03 for the fraction of dispersed debris assumed to fragment finely and
participate in DCH and rapid zirconium oxidation is recommended for most plants in the
EPRI guidebook for sensitivity analysis (Reference 2) as a best estimate value. As indicated
in Figure 4.8-10, this recommended value produces results which "fall" on the lower tails of
the NUREG/CR-4551 distributions. The EPRI guidebook recommends "that a value of 1.0
be input for at least one sequence in which the primary system fails at very high pressure."
Because the NUREG/CR-4551 pressure distributions were combined with the Watts Bar
containment failure mode capacity distributions using a stress-strength interference model to
determine the conditional probability of containment failure at vessel breach (see discussion
on page 4.8-24 for CET Top Event C2), MAAP sensitivity studies based on this parameter
were not performed.
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'Watts Bar Unit 1 Individual Plant Examination Revision O
Corrected

1.4.3.2 Important Plant Hardware Characteristics for Containment Performance

This report has confirmed the importance of the following plant hardware in assuming
containment integrity for the low (4%) percentage of core damage which would result inlarge, early releases of radioactive material to the environment.

* Air Return Fans and Hydrogen Ignitors
* Ice Condenser
* Ability to Depressurize and Maintain Secondary Side Cooling
* Long-Term Capability to Quench Core Debris in the Reactor Cavity

Supplement No. 3 to Generic Letter No. 88-20 requests that "licensees with Ice CondenserContainments are expected to evaluate the vulnerability to interruption of power to thehydrogen ignitors as part of their IPE." The Level 2 analysis in Section 4, considered theunavailability of ignitors as a part of the overall assessment of containment performance.
As concluded in Section 4.10, it was found that the key plant damage states with ignitorunavailability made a significant contribution only to the core damage frequency associated
with Release Category 111.

1.4.4 COMPARISON OF WATTS BAR IPE WITH SEQUOYAH IPE AND NUREG-1 150

A comparison of accident sequence group frequencies for Watts Bar with the
corresponding groups evaluated for Sequoyah by TVA and for Sequoyah by the NRC in theNUREG-1 1 50 work, is presented in Table 1-9. The total CDF evaluated in this study forWatts Bar is higher than those for Sequoyah. Relative to the TVA analysis for Sequoyah,
the results for Watts Bar are higher for two key reasons. A hardware design difference isthat the charging pumps at Watts Ba'r depends -on component cooling for the lube oilcoolers, instead of from ERCW cooling, as at Sequoyah. Other differences in the resultsbetween Sequoyah and Watts Bar are attributable largely to the difference in the
assessment of operator actions, based on input from each station's operations department.Third, the model for Watts Bar was evaluated using generic data, which leads to higher
core damage sequence frequencies for Watts Bar because some key Sequoyah-specific
failure data were found to be lower than industry generic data.

A comparison between the results for Watts Bar and the NRC's results for Sequoyah isalso provided in Table 1-9. The CDF for Watts Bar is again higher, for the reasons
mentioned in the preceding paragraph. In addition, the current analysis for Watts Barincludes an assessment of the contribution from support system faults (e.g., loss of CCS,loss of ERCW, and loss of shutdown power) and internal flooding initiators. Support faultsand internal floods were not evaluated in the NUREG-1 1 50 study for Sequoyah, but werefound to be important for Watts Bar and Sequoyah, in the TVA studies. The current studyincluded a more thorough analysis of common cause failures. In Reference 1-1 5, withregard to the omission of the loss of CCS and ERCW initiators for Sequoyah, the following
comment was noted: "Use of different component failures probabilities or common causemodeling assumption could lead to different conclusions about the importance of loss ofCCS." A similar statement was made for ERCW.
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Watts Bar Unit 1 Individual Plant Examination Revision O
Corrected

2. Only CSI and CSR are available.

3. Only CSI and RHR spray are available.

4. Only CSI is available.

5. Only RHR spray is available.

6. No sprays are available.

* Containment Heat Removal (CHR). Whether heat is removed from the containment
via containment spray or vessel injection and the associated heat exchangers. *

* Ice Condenser. The availability of the ice condenser, as a passive means for
removing energy and airborne radioactive material from the containment
atmosphere, is an important factor in severe accident progression and mitigation.

* Hydrogen Control. Operation of the containment air return fans is an important
factor in assessing the distribution of energy and hydrogen throughout the
containment. Operation of these fans tends to distribute hydrogen uniformly
throughout the upper and lower compartments of the containment. The availability
of the ignitors during severe accidents impacts the concentration at which hydrogen
is burned, thereby minimizing potential challenges to the containment due to the
energy released during the hydrogen combustion process. , Hydrogen combustion at
low concentrations spreads the heat of combustion over longer periods of time,
thereby minimizing peak temperatures and associated pressures in the containment
atmosphere. The recombiners are not considered, as they are sized for design basis
loss of coolant accidents in which small amounts of hydrogen are produced,
primarily from radiolysis over extended periods of time. Four combinations of air
return fan and ignitor availability are addressed.

The coding shown in Figure 4.3-1 results in a seven-character identifier for each PDS; e.g.,
SXYBSYN. In this scheme, the first character (L, I, H, or S) denotes the RCS pressure at
the onset of core damage. The second character (A, X, or N) denotes the status of steam
generator cooling. The third character (Y or N) denotes the status of water in the reactor
cavity prior to vessel breach. The fourth character (A, B, C, D, E, F, G, H, I, J, K, or N)
denotes the status of containment spray and containment heat removal systems. The fifth
character (I, S, L, B, or V) in the PDS identifier denotes the status of the containment
boundary at the time of vessel melt-through. The sixth character (Y or N) in the identifier
addresses the availability of the ice condenser, and, finally, the last character (A, B, C,
or N) in the identifier addresses the status of the hydrogen mitigation system.

The matrix shown in Figure 4.3-1 includes 1 2 rows representing unique combinations of
RCS pressure, status of steam generator cooling, and status of reactor cavity flooding, and
48 columns denoting the status of the containment and the availability of containment

*The Watts Bar containment fan coolers (containment atmosphere recirculation system)
are automatically tripped on a safety signal. Therefore, the coolers are given no credit in
severe accident analysis.
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4.6 KEY PLANT DAMAGE STATES AND REPRESENTATIVE SEQUENCES

4.6.1 SELECTION OF KEY PLANT DAMAGE STATES FROM LEVEL 1 RESULTS

As shown in Table 4.6-1, the Level 1 model identified 26 plant damage states (PDS) with a
frequency of 1 x 10-7 or greater per reactor-year. For Level 2 analysis, these PDSs are
condensed into a reduced set of key plant damage states (KPDS). This condensation
process is described in this section and is based on the individual plant examination (IPE)
reporting criteria established by the U.S. Nuclear Regulatory Commission (NRC) in
Appendix 2 of Generic Letter No. 88-20 (Reference 4.6-1). The process takes advantage
of the known frequency and the relative severity or consequence potential for each PDS.
In Section 2.2.2.5 of NUREG-1 335 (Reference 4.6-2), it is stated that "all accident
sequences (represented now by plant damage states or bins) that meet the screening
criteria should be represented by containment event trees (CET) according to standard
practice." Thus, the approach used in this submittal is believed to be in full compliance
with the IPE intent.

Because the PDSs represent "functional accident sequences," the KPDSs (each of which
requires a detailed Level 2 analysis) are selected on the basis of the PDS frequencies in
comparison to the IPE reporting criteria. Table 4.6-2 lists the IPE criteria for selecting
important accident sequences and the interpretation of these criteria for the Level 2 portion
of the Watts Bar IPE. On the basis of the Level 2 functional sequence selection criteria
summarized in Table 4.6-2, the following 17 KPDSs (for guidance on how to interpret
KPDS see Figure 4.3-1 in Section 4.3) were identified for Watts Bar:

KPDS PDS Frequency KPDS Frequency Subsumed PDSs
per Reactor-Year per Reactor-Year

ENI (HANNI) 1.4 x 10-4 1.4 x 104

FCI (HAYCI) 9.0 x 10-5 9.0 x 10-5
FNI (HAYNI) 4.4 x 10-5 4.4 x 10-5
LCI (SXYCI) 1.5 x 10-5 1.5 x 10-5

GNI (HXNNI) 8.3 x 10-6 8.3 x 10-6
BCI (LNYCI) 5.7 x 10-6 5.7 x 10-6
ENS (HANNS) 4.8 x 10-6 4.8 x 10-6

EIB (HANIB) 3.7 x 10-6 5.5 x 10-6 GNS,FCB,FCS,KTL,ETL,FNS
HGI (HXYGI) 3.1 x 10-6 3.1 x 10-6

ENB (HANNB) 2.7 x 10-6 2.7 x 10-6
EGI (HANGI) 2.3 x 10-6 2.3 x 10-6

KNS (SXNNS) 2.2 x 10-6 2.2 x 10-6

KNI (SXNNI) 2.2 x 10-6 2.2 x 10-6
FGI (HAYGI) 2.1 x 10-6 2.1 x 10-6

HNI (HXYNI) 2.0 x 10-6 2.0 x 10-6

HCI (HXYCI) 1.6 x 10-6 1.6 x 10-6

LNI (SXYNI) 1.4 x 10-6 1.4 x 10-6

SECT46.WBN.1 2/17/93 4.6-1



,Watts Bar Unit 1 Individual Plant Examination Revision 0
Corrected

* Top Event 3 - Core Damage Arrested Prior to Vessel Breach (CV). This top event
was included in the Watts Bar CET to address the likelihood of in-vessel recovery of
a degraded core after core damage is initiated, given that recovery prior to the onset
of core damage has not been successful. However, detailed thermal-hydraulic
analysis of the highest ranking representative sequence for some of the Watts Bar
key plant damage states (KPDS) (BCI, FCI, LCI, and LNIYA) indicate that Level 1
success criteria and/or modeling assumptions were too conservative, and for these
sequences, core damage (i.e., core uncovery) did not occur. For these KPDSs,
sequences that were similar to the representative sequence (and thus did not
represent core damage) were identified, and the split fraction for core damage arrest
Top Event 3 (CV) was set equal to the fraction of sequences within that KPDS that
did go to vessel breach. The original representative sequence in KPDS BCI was
initiated by a medium LOCA with failure of high pressure recirculation but
successful secondary-side depressurization and cooldown. The top-ranking
sequence (5.61 x 10-7 per reactor-year) represents approximately 10% of the
KPDS frequency. MAAP analysis of this sequence clearly indicated no core
damage. Furthermore, an examination of similar sequences indicated that 23% of
the KPDS frequency would be "recovered" in this manner. Of the remaining
sequences in this KPDS, there are other sequences (e.g., those initiated by a large
LOCA with all systems available except the accumulators) that may also be shown
to be "recovered." Although additional "recovery" may be possible, the split
fraction for Top Event 3 (CV) for KPDS BCI was assigned a value of 0.77.

A similar evaluation was necessary for KPDS FCI. The original representative
sequence for this KPDS was a small LOCA with failure of high pressure recirculation
but with secondary depressurization and cooldown available. MAAP analysis of this
sequence also indicated no core damage. An examination of the sequences in
KPDS FCI indicated that 32% of the sequences were similar to the representative
sequence. Thus, the split fraction for Top Event 3 (CV) was assigned a value of
0.68 for KPDS FCI.

The original representative sequence in KPDS LCI represents a scenario with the
bleed and feed function available but with only one PORV. MAAP analysis of this
scenario also indicates the prevention of core damage. By a similar process, the
split fraction for Top Event 3 (CV) was assigned a value of 0.23 for this KPDS.

When KPDS LNI was subdivided into LNIYA and LNIYC, the representative
sequence for LNIYA was also shown to have no core damage. Since the frequency
of LNIYA was already below a value of 1 x 1 0-6 per reactor-year, the split fraction
for Top Event 3 (CV) was assigned a value of 0.0 for this KPDS.

For core damage arrest, the principal accident scenarios of interest are those
involving station blackout. It should be noted, however, that SBO is not as
important for Watts Bar as in other plants. The time windows available for
recovery of AC electrical power prior to core damage for station blackout
sequences with and without the operation of emergency feedwater are discussed in
Section 3.3.3 and Reference 4.8-3. Station blackout sequences without operation
of emergency feedwater (TMLB') have the shortest time available for recovery of
electrical power and therefore would benefit the most from any additional time
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TVA's current schedule for submittal of the WBN IPE Update is April 29, 1994.


