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2 8,1994

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

Gentlemen:

In the Matter of the Application of ) Docket Nos. 50-390
Tennessee Valley Authority ) 50-391

WATTS BAR NUCLEAR PLANT (WBN) - MAIN STEAM LINE BREAK (MSLB) OUTSIDE
CONTAINMENT - OUTSTANDING ISSUE 24 (TAC M63632)

This letter provides TVA's response to the request for additional information
(RAI) from the NRC staff dated July 13, 1993. The RAI included five
questions concerning TVA's submittal dated November 30, 1992, which evaluated
the increased environmental temperature in the main steam valve vault rooms
that could result from the release of superheated steam due to a postulated
MSLB outside containment.

Most of the questions in the RAI are related to apparent differences in the
way that auxiliary feedwater (AFW) was treated in the subject MSLB analysis
and the description of AFW system design and accident analysis assumptions
presented in WBN's Final Safety Analysis Report (FSAR). The enclosed
response to the RAI answers each question in detail, but one central issue
requires particular clarification. The reduction in minimum required AFW
flow rate that was mentioned in TVA's submittal dated November 30, 1992, was
essentially a change in the assumptions used to analyze certain accident
transients, including a MSLB. There were no changes to the functional
design, physical arrangement, or operational lineup of WBN's AFW system.
Further discussion of the reduction in AFW flow rate is included in the
enclosed response to RAI Question 1.

Enclosure 1 restates the five questions in the subject RAI from the NRC staff
and gives TVA's answer to each one. Enclosure 2 is a list of the commitments
made in Enclosure 1.
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If you have any questions about the information provided in this letter,
please telephone John 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



ENCLOSURE 1

REQUEST FOR ADDITIONAL INFORMATION
SSER 7 OUTSTANDING ISSUE 24

WATTS BAR NUCLEAR PLANT, UNITS 1 AND 2
DOCKET NOS. 50-390 AND 50-391

Question:

1. Revise the Final Safety Analysis Report (FSAR) to cover the revised design
and operation of the auxiliary feedwater (AFW) system, including how the
flow is limited to 410 gpm (e.g., what happens to the flow from the turbine-
driven pump) to the faulted steam generator (SG) following a main steam line
break (MSLB). Also, identify what the minimum recirculation flow is for all
three AFW pumps given the design flow rates of 500 gpm and 990 gpm for the
motor-driven and turbine-driven pumps, respectively, as listed in
Table 10.4-2 of FSAR Amendment 71.

Response:

TVA's letter dated November 30, 1992, submitted a reanalysis of a MSLB in
the main steam valve vault (MSVV) rooms to address the potentially higher
environmental temperature that could result if the released steam is
superheated. This letter stated that the MSLB reanalysis included a reduced
AFW flow rate, but did not provide any details explaining the basis for the
flow rate reduction. The AFW flow rate reduction resulted primarily from
the findings of several WBN design reviews. These reviews identified
inconsistencies between AFW system design parameters that had been
established by TVA and assumptions that were used by Westinghouse in
accident analyses which they performed in their role as WBN's nuclear steam
supply system (NSSS) supplier. AFW pump testing also prompted a reduction
in the flow rate that is assumed for analysis purposes. Preliminary test
results indicated a probable shortfall in actual AFW pump capacity as
compared to the design pump curve.

In view of the above design issues and test results, the minimum AFW flow
requirement was reevaluated for relevant accident conditions at WBN. FSAR
Section 10.4.9 was revised by Amendment 71 to indicate that an AFW flow rate
of 410 gpm must be delivered to two SGs within one minute to prevent the
pressure transient within the reactor coolant system from reaching the
pressurizer safety valve relief setpoint. Previously, this minimum AFW flow
rate was 470 gpm. Note that the 410 gpm flow rate is only applicable when
a loss of offsite power (LOOP) occurs. Refer to the response to Question 2
for a discussion of the required AFW flow rate for accident conditions that
do not involve a LOOP.

At the time FSAR Amendment 71 was issued (i.e., August 5, 1992), the
manufacturer's design flow rates for each of the two motor-driven AFW pumps
and for the turbine-driven AFW pump were 500 gpm (at a design head of
2950 ft) and 990 gpm (at a design head of 2950 ft), respectively. These
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parameters were listed in Table 10.4-2. The pump design flow rates include
minimum recirculation flow rates (miniflows) of 30 gpm and 50 gpm,
respectively.

WBN's AFW pumps have recently been modified to address the capacity problems
that were identified during testing. The modifications also ensure that
there is sufficient operating margin to offset any future deterioration from
wear and aging effects and still achieve acceptable results during the
periodic tests required by ASME Code, Section XI. The revised
manufacturer's design flow rates for each motor-driven AFW pump and for the
turbine-driven AFW pump are 450 gpm (at a design head of 3270 ft) and
790 gpm (at a design head of 3350 ft), respectively. FSAR Table 10.4-2 was
updated in Amendment 82 to list these new parameters. The pump flow rates
that are assumed for accident analysis purposes are 410 gpm for a motor-
driven pump and 720 gpm for the turbine-driven pump. Note that, even
allowing for pump miniflows, there is a conservative margin between the
actual expected pump flow rates and the analysis flow rates.

In the subject reanalysis of a MSLB outside containment for WBN, flow from
two AFW motor-driven pumps was used (i.e., total flow rate was approximately
820 gpm). This analysis approach postulates the worst possible single
failure, which is failure of the turbine-driven pump. The physical
configuration of WBN's AFW system evenly divides the flow from the two
motor-driven pumps. One motor-driven pump supplies SG Nos. 1 and 4 and the
other motor-driven pump supplies SG Nos. 2 and 3. Regardless of which SG is
faulted (i.e., connected to the ruptured main steam line), two intact SGs
will receive flow from one of the motor-driven AFW pumps. Most of the flow
from the other motor-driven AFW pump (i.e., up to 410 gpm) is initially
diverted to the faulted SG since it exerts minimal backpressure compared to
an intact SG. Manual operator actions in WBN's emergency procedures isolate
the faulted SG. Flow from the second motor-driven AFW pump is then
redirected to the associated intact SG.
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Question:

2. Table 10.4-7 was revised by Amendment 71 to show the minimum required AFW
flow for various accidents and transients. The minimum flow given for a
loss of normal main feedwater (MNV) and a main steam (MS) sudden
depressurization (long-term) is given as 460 gpm. These events now require
two motor-driven pumps or the turbine-driven AFW pump in lieu of any one AFW
pump. How does this requirement affect the risk associated with these
events?

Response:

The most limiting scenario with respect to AFW flow requirements for both a
loss of normal feedwater (LONF) and a MS sudden depressurization (long-term)
occurs when offsite power remains available. Under these conditions, the
reactor coolant pumps (RCPs) continue to operate and transfer core decay
heat to the SGs during the initial phase of the accident transient more
rapidly than in the case where the RCPs lose power and decay heat is
transferred gradually to the SGs by natural circulation. A higher AFW flow
rate (i.e., 460 gpm as listed in FSAR Table 10.4-7) is required to remove
RCP pump heat and this initially higher decay heat load.

For the subject event scenarios, both motor-driven AFW pumps and the
turbine-driven AFW pump are available to supply flow. Also, the SGs and the
MFW/AFW piping remain intact for a LONF or a MS sudden depressurization
(long-term). Consequently, all available AFW flow reaches the SGs to
provide core heat removal. If a single failure is postulated to disable one
of the AFW pumps, there would still be flow from either two motor-driven
pumps or one motor-driven pump and the turbine-driven pump. This provides
a total flow rate to the SGs of either 820 gpm or 1130 gpm, respectively,
using the conservative analysis assumptions of 410 gpm from a motor-driven
pump and 720 gpm from the turbine-driven pump. The minimum required flow
rate of 460 gpm is satisfied for either pump combination. Therefore, there
is no increase in the risk or potential consequences of a LONF or a MS
sudden depressurization (long-term).
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Question:

3. The loss of feedwater without loss of offsite power (LOOP) is one of the
events evaluated during the AFW unavailability study performed as part of
post-TMI Action Item II.E.l.l. In Section 10.4.9 of the Watts Bar Safety
Evaluation Report (SER), the staff based its acceptance of the AFW
reliability analysis on the similarity of the Watts Bar AFW design to that
of the Sequoyah design. What are the differences in AFW unreliability as a
result of the need for both motor-driven pumps or the turbine-driven pump to
cope with this event?

Response:

AFW reliability is essentially unchanged. As discussed in the response to
Question 2, AFW flow rate is substantially greater than the minimum required
flow rate for a LONF accident without LOOP even if a single failure is
postulated to disable one of the AFW pumps. This flow rate margin, from an
analytical standpoint, compensates for many potential AFW system problems
that would otherwise decrease AFW reliability.

Another aspect of AFW reliability is the probability of a consequential loss
of one or more of the AFW pumps due to an electrical power problem. This
probability is extremely small for non-LOOP conditions since emergency power
(i.e., the diesel generators and associated equipment) is not actuated.

The apparent change in the minimum requirements for AFW flow (i.e., both
motor-driven pumps or the turbine-driven pump versus one motor-driven pump)
has been evaluated in the analytical model used for WBN's individual plant
examination (IPE). The model was updated to address the revised minimum AFW
flow requirement for a LONF accident without LOOP. There was no appreciable
increase in the calculated core damage frequency with this revised AFW flow
requirement.

Specifically, the IPE analytical model was updated by changing the success
criterion for a LONF accident without LOOP to two motor-driven AFW pumps or
the turbine-driven pump. Previously, the success criterion was one motor-
driven pump or the turbine-driven pump delivering flow to two intact SGs.
For this accident, satisfying the success criterion prevents a water
challenge to the pressurizer power-operated relief valves (PORVs). However,
even if the success criterion is not achieved, the model considers alternate
means of cooling the core. WBN emergency procedures state that, if AFW flow
to the SGs is inadequate, manual operator action is taken to initiate feed-
and-bleed cooling of the reactor core using the emergency core cooling
system. This feed-and-bleed cooling method (dependent on its own set of
success criteria) mitigates the potential for core damage.

In summary, an increase in core damage frequency that could have resulted
from the change in the minimum requirements for AFW flow was mitigated by:
(1) the redundancy of the motor-driven pumps along with the turbine-driven
pump, (2) the capability of the plant to mitigate the effects of a
pressurizer PORV water challenge, and (3) provisions in plant procedures for
feed-and-bleed cooling if AFW flow is inadequate.
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Question:

4. Item 10 of Table 10.4-7 for a main steam line break (MSLB) outside
containment identifies that "only 2" AFW pumps are required and "2 MDP's"
are available, and references a Westinghouse letter for the maximum flow
allowed. How is the single failure criterion met if two pumps are required
and only two are available? Also, why isn't the maximum flow allowed
410 gpm in support of the new main steam valve vault (MSVV) analysis?
Provide a summary of Westinghouse letter WAT-D-8639; without at least a
title for the Westinghouse letters listed in this table the references do
not serve any useful purpose for the staff's review.

Response:

The reanalysis of a MSLB outside containment for WBN was based on an AFW
flow of approximately 820 gpm from two motor-driven pumps as discussed in
the response to Question 1. The analysis assumed that the turbine-driven
pump was not available due to a single failure (worst case). Item 10 of
FSAR Table 10.4-7 is incorrect in that both motor-driven pumps and the
turbine-driven pump are available if no single failures are postulated.
Also, Item 10 is misleading in its reference to Westinghouse letter
WAT-D-8639 for the maximum flow allowed. This letter does include the AFW
flows for the various cases considered in the analysis and changes in those
flows during the course of the accident transient. However, the limiting
values entered in Table 10.4-7 as "maximum flows allowed" are based on
pressure and temperature requirements inside WBN's containment structure, as
stated in Note 8 of the table. Since this accident, by definition, is
outside containment, there is no applicable maximum flow limit with respect
to constraints imposed by WBN's containment design. Item 10 of FSAR
Table 10.4-7 will be revised to present current information about the AFW
parameters used in WBN's analysis of a MSLB outside containment.

Westinghouse letter WAT-D-8639 (titled "Watts Bar Unit Numbers 1 and 2 -
Auxiliary Feedwater Flow (Reduced Minimum Required Flow)" and dated
September 16, 1991) is the principal design reference for the information
presented in FSAR Table 10.4-7. This letter summarizes the parameters and
assumptions used by Westinghouse in their analyses of various WBN accident
transients that take credit for AFW flow to remove reactor core decay heat
via the SGs. For a MSLB outside containment, 12 cases were evaluated for
different combinations of reactor power level and break size.

The other letters that are referred to in Table 10.4-7 are identified as
follows:

* WAT-D-6966, "Watts Bar Nuclear Plant Units Numbers 1 and 2 - Containment
Pressure/Temperature Response to 30 Days (MSLB Intersect LOCA, LOCA, RHR
Sump)," dated May 13, 1986.

* WAT-D-7042, "Watts Bar Nuclear Plant Units Numbers 1 and 2 - Containment
Main Steamline Break Analysis for BIT Removal Worst Case Breaks (Separate
& Composite Curves)," dated July 21, 1986.

* WAT-D-8569, "Watts Bar Unit Numbers 1 and 2 - Minimum Required Auxiliary
Feedwater Flow TVA Input Required," dated May 31, 1991.
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* WAT-D-8614, "Watts Bar Unit Numbers 1 and 2 - Accident Analysis Parameter
Checklist (AAPC) - FSAR Chapter 15 Transient Analysis Data for Two Events
(Inadvertent Operation of ECCS & Steamline Break Core Response)," dated
August 5, 1991.

* WAT-D-8723, "Watts Bar Unit Numbers 1 and 2 - Eagle 21 Process Protection
System Upgrade Program - Reduced Auxiliary Feedwater Flow Program - FSAR
Chapter 15 Mark-ups - Mass and Energy Releases for Outside Containment,"
dated December 31, 1991.

* WAT-D-8781, "Watts Bar Unit Numbers 1 and 2 - Auxiliary Feedwater Flow
Program - Licensing Basis FLB Single Failure Clarification - Turbine
Driven Pump Flow," dated March 4, 1992.

* WAT-D-8800, "Watts Bar Unit Numbers 1 and 2 - Reduced Auxiliary Feedwater
Flow Program - Steamline Break Outside Containment Mass/Energy Releases,"
dated March 27, 1992.
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Question:

5. Some sections of FSAR Chapter 15 still show an AFW flow of 470 gpm in the
tables and in the discussion of the analysis (e.g., Table 15.2-3 and
Section 15.4.2.2.2).

a) Verify that all Chapter 15 events affected by the AFW system have been
reanalyzed and that the FSAR has been updated to reflect the present AFW
system design. This update should include all affected tables, figures, and
discussions in Chapter 15.

b) Verify that your anticipated transient without scram (ATWS) and complete
loss of all AC power (station blackout (SBO) rule) analyses have been
revised as necessary.

Response:

FSAR Section 15.4.2.2.2, which describes the analysis of a main feedwater
line break (MFLB), was revised in Amendment 72 to indicate that the minimum
required AFW flow rate to two unaffected SGs is 410 gpm instead of 470 gpm.
FSAR Table 15.2-3 was deleted in Amendment 80. This table contained
outdated information about AFW parameters that had been assumed at one time
to analyze a LOOP event for WBN. The table had not been updated for some
time because the primary cross-reference to it had been deleted from the
FSAR text when the analysis of a LOOP event in Section 15.2.9 was
extensively revised in Amendment 65. Table 15.2-3 was also referred to in
Section 15.2.8 for the analysis of a LONF accident that occurs concurrently
with a LOOP. This cross-reference in Section 15.2.8 was no longer
appropriate and was deleted after revisions to the description of WBN's LONF
analysis in Amendments 72 and 80. The information that was previously
include in Table 15.2-3 is now available in the text description of accident
analysis assumptions and/or Table 10.4-7.

a) The various accident analyses which are included in FSAR Chapter 15 have
been reviewed by TVA and Westinghouse to ensure that the information
which is presented in the FSAR is correct and up-to-date. The changes
and clarifications that were identified during these reviews have been
incorporated into Chapter 15 as of Amendment 80. A consistent set of
assumptions about AFW system performance is used for the accident
analyses which take credit for AFW flow to remove reactor core decay heat
via the SGs. In particular, the flow rates for WBN's AFW pumps are
conservatively assumed to be 410 gpm for a motor-driven pump and 720 gpm
for the turbine-driven pump.

b) There are no "ATWS analyses" that need to be revised because of the
change in minimum required AFW flow rate. WBN's ATWS mitigation system
actuation circuitry (AMSAC) satisfies the requirements of 10 CFR 50.62 by
providing a diverse, highly reliable means of tripping the turbine and
starting the AFW system if an ATWS event were to occur. However, AMSAC
is not designed as a safety-related, totally Class lE system. Therefore,
none of the accident analyses for WBN take credit for the operation of
AMSAC or the AFW flow that it can initiate.

TVA's letter dated August 31, 1992 (with supplemental letters dated
January 27, 1993, and April 28, 1993) provides an evaluation of the SBO
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rule (10 CFR 50.63) for WBN. This evaluation and supporting engineering
analyses have been reviewed with respect to the change in minimum
required AFW flow rate. The review determined that no changes to the SBO
evaluation or its supporting analyses are required.
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ENCLOSURE 2

List of Commitments

* Item 10 of Final Safety Analysis Report Table 10.4-7 will be revised to
present current information about the auxiliary feedwater parameters used in
WBN's analysis of a main steam line break outside containment.


