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NUCLEAR PY-CEI/NRR-0295 L

Mr. B. J. Youngblood, Chief
Licensing Branch No. 1

Division of Licensing

U.S. Nuclear Regulatory Commission
Washington, D. C. 20555

Perry Nuclear Power Plant
Docket Nos. 50-440; 50441
Feedwater Isolation Valve
Testing (Question 480.50)

Dear Mr. Youngblood:

In your letter dated December 21, 1983 and in subsequent discussions with your
staff CEI was requested to justify leak testing of the subject valves with
water. The attachment to this letter summarizes the redundant and independent
means of keeping feedwater piping filled with water post-LOCA, and the results
of the requested analyses of the system response to a LOCA (RETRAN).

The feedwater lines were eliminated as a potential air bypass leakage path

by incorporating the Feedwater Leakage Control System (FW-LCS) design in July
1980, In May 1981, we placed an order for replacement feedwater isolation
valves., Based on an acceptable FW-LCS design, CEI specified the valves to seal
against water pressure. This system design and valve leakage testing with
water were accepted for Perry by the NRC staff as reflected in SSER 2 dated
January 1983. CEI has installed the new valves and FW-LCS.

The decision to seal water leakage had an important impact on isolation valve
design. The Perry design, which is a check valve, was also designed to
minimize water hammer. As further discussed in the attachment, the resulting
valve design is substantially different from the original (and more typical)
design. 1t reduces piping loads from feedwater pump trip, and improves system
reliability under expected plant operating conditlions.

Since the Perry feedwater isolation valves were designed and approved for
containing water leakage, the staff more recently has required further
justification to test with water. Preliminary test results show the valves
will provide an adequate seal against water. Extensive modifications to the
valve would be required to enable it to seal against air. These modifications
will unnecessarily complicate operation of the plant and possibly cause a
safety problem, with no corresponding benefit to public health and safety.
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Mr. B. J. Youngblood -2~ August 30, 1985
PY-CEI/NRR-0295 L

The attachment establishes the basis for the CEl position , previously accepted
by the staff, that feedwater lines should be leak tested with water. In the
event this issue is escalated to a backfit appeal, this letter summarizes CEl's
technical position and determination of compliance with existing regulations.

Please call if you have aay questions.
Very truly yours,

Py,

Murray R. Edelman
Vice President
Nuclear Group

MRE:njc
Attachment
cc: Jay Silberg, Esq.

Joha Stefano (2)
J. Grobe
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480.50 With regard to CEI's containment leakage test program as presented in
FSAR Table 6.2 - 40, provide a discussion on each of the following:

a, CEI has indicated that the feedwater leakage control system (FWLCS)
would provide post-accident sealing of both feedwater lines, thus
precluding the need to perform Type C leak tests of the feedwater
isolation valves with air. The Perry FWLCS is similar, if not
identical, to the Grand Gulf FWLCS. At this time, MP&L (Grand
Gulf) has not demonstrated satisfactorily that drywell leakage does
not exist through the feedwater isolation valves in the first hour
of the postulated event (i.e. time to manually activate FWLCS plus
the time to fill the feedwater line). Therefore, the staff has
required MP&L to Type C leak test these valves with air,

Similarly, the staff will require CEI's feedwater isolation valves
to be leak tested with air or demonstrate why these valves should
not be tested with air,

Response
Perry Feedwater - Leakage Control System Description

The FW-LCS (Feedwater-Leakage Control System) consists of two
independent subsystems (see FSAR 6.9) designed to eliminate through
line leakage in the feedwater piping by providing a positive seal
between the isolation valves. The outboard subsystem supplies sealing
water on the downstream side of the outboard motor operated gate valve
and the inboard subsystem supplies sealing water on the downstream side
of the outboard containment isolation check valve,

Following a LOCA, the FW-LCS is manually initiated from the control
room. The operator first verifies feedwater unavailability through low
feedwater pressure (approximately 30 psig), then closes the outboard
motor operated gate valves with the keylock switches, and opens the
motor operated FW-LCS valves from the control room. Sealing water is
provided from the suppression pool through the RHR & LPCS Waterleg Pump
System. Since the source of sealing water is the suppression pool, a
30 day water supply is assured.

When the FW-LCS is initiated following a LOCA, there should be no
demand for keep-fill water in the RHR and LPCS systems since these
systems will be operating. Therefore, the Waterleg Pump System should
be totally dedicated to provide sealing water to the FW-LCS. Single
pump capacity will be approximately 24 GPM allowing for the waterleg
pump recirculation flow of 10 GPM.

In the case of a LOCA where the feedwater lines remain water filled,
static head pressure and the feedwater check valve disc weight force
the feedwater check valves to close. Initiation of the FW-LCS
pressurizes the volumes between the inboard and outboard isolation
check valves and between the outboard isolation check valve and the
motor operated gate valve,
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Since the waterleg pumps operate at a pressure higher than the static
head pressure, leakage is into the reactor vessel. Any leakage through
the motor operated gate valve has been accounted for through NUREG 0737
(Closed System Leak Testing) testing and added to the water bypass
allowable.

In the case where the feedwater lines do not remain completely water-
filled, the feedwater system can be operated to ensure positive
pressurization up to the gate valve, and thus leakage is into the re-
actor vessel., FW-LCS will be initiated and begin to fill the volumes
between the inboard and outboard isolation check valves and between the
outboard isolation check valve and motor operated gate valve., The
weight of the check valve discs, and no upstream pressure, will force
the check valves to close. When the volumes fill up, the pressure will
increase until the weight of the disc is overcome. At this point, the
disc will 1ift (at approximately 2.25 psig) and leakage into the vessel
will occur. As the pressure is relieved, the disc will re-seat until
pressure builds up again and the disc lifts. This process will
continue throughout the duration of the LOCA event.

Feedwater System Operation Post-LOCA

Refer to attached figures of the condensate and feedwater systems.

The feedwater system will not be completely drained since the system
will be intact and operating initially post-LOCA.

The Perry design includes a backup feedwater flow path through a
motor-driven pump. When the turbine-driven feed pumps lose driving
steam and trip on vessel level 2 post-LOCA, flow is automatically
diverted through the motor-driven pump. The motor-driven feed pump
and/or the feedwater booster pumps will continue to pump water into
containment post-LOCA.

The pumps will continue to operate for about 10 minutes before the
feedwater booster pumps trip on low water level., During this time,

no extraction heating !s available and cold water from the condenser
hotwell is being puaped into the vessel which cools down the feedwater
and the piping. When feedwater flow is finally stopped, feedwater
flashing is not expected to occur., Therefore, a significant voiding
of the piping 1is not expected,

Feedwater System Leak Integrity

Since very little voiding is expected, a conservative approach to
evaluate the FW-LCS would be to assume one feedwater line is completely
drained. Fill time in this case would be approximately 18 minutes,

1f a divisional faflure is assumed, only one waterleg pump would be
avaiable for filling the feedwater line. Under these conditions,
calculations show it would take approximately 36 minutes to fill

and maintain a feedwater seal,
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During the filling process for the case of a feedwater line break
inside the drywell air leakage bypassing the containment through valve
stems is eliminated for the following reasons:

1. Feedwater Isolation Check Valves

Stem leakage is not considered a leakage source because the stem
is not exposed to the environment (refer to drawing 40-1012-1).
The valve stem & disc are totally enclosed within the valve body
and bonnet, Therefore, motion between the stem & bonnet will not
result in bypass leakage. The bonnet is flanged and gasketed.
The flange is tightened down to allow zero leakage at feedwater
pressure and would not leak at the post LOCA drywell pressure
(peak and steady state).

2. Outboard Motor Operated Gate Valves.

Stem leakage is eliminated by a series of seals and packings
(refer to drawing 40-763-7) between the valve body, bonnet and
stem. These mechanical joints are tightened down to seal against
feedwater pressure(approximately 1000 psig). Since these valves
are not operated frequently (function is isolation for long term
LOCA leakage control), there should be no deterioration in the
seals and packing which would be the case if the valve 1s cycled
frequently., Alr leakage at peak drywell pressure (22.1 psig, 1.8
seconds post LOCA) and lower long term drywell pressure
(approximately 9.8 psig, 33 minutes post-LOCA) would not provide
enough driving force to cause leakage past the stem.

Based on the conservative assumptions listed above, the FW-LCS will
provide an adequate seal within one hour following a LOCA. If a loss
of off-site power is assumed at this time, the FW-LCS will maintain the
volume of water between the inboard isolation check valve and the
outboard motor operated gate valve. During this one hour, operation of
the feedwater system will maintain a system pressure higher than the
containment pressure thus assuring water leakage into the vessel.

RETRAN Analysis

Feedwater system response to a LOCA was analyzed using the RETRAN 02
MOD 3 computer code., These calculations were performed to determine
certain response characteristics of the feedwater system and do not
represent a realistic basis for design. No substantive conclusions

can be drawn concerning the reliability or integrity of the feedwater
system. These results only contribute to understanding characteristics
of the system which affect post-LOCA leakage.
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The RETRAN analysis modeled the guillotine rupture of a feedwater line
inside the drywell concurrent with a Loss of Offsite Power (loss of all
feed pumps). The model included piping between the feed pumps and the
break. Computer output shows that initial blowdown and boil-off result
in depletion of all feedwater liquid in about 3 minutes after the LOCA.
After the initial 3 minutes, stored heat in the pipe walls maintains
vapor pressure in the piping higher than drywell pressure for 20
minutes (resulting in net flow into the drywell). At 20 minutes
post-LOCA, the FW-LCS is initiated.

RETRAN results show that the piping is totally filled with liquid in
44 minutes after FW-LCS initiation. The 44 minute time assumes a
divisional failure in the FW-LCS. During the fill time, almost all
flow is either into the drywell or into the volume being cooled by
incoming FW-LCS water.

With the exception of a 1 minute period shortly after FW-LCS
initiation, there is no leakage past the motor-operated valves
B21F065A & B into non-safety feedwater piping during the time the
feedwater lines fill with liquid.

Availability of Condensate and Feedwater Systems Post-Accident

Based on the high integrity of the piping and the ability to withstand
single pump failures, there i{s a high degree of assurance that the
condensate and feedwater systems will be available post-accident.

The feedwater system from the reactor vessel through the outboard
containment isolation check valve is classified as Safety Class |
Seismic Category I; the pipe and valves and other pressure containing
parts of this line are designed and bullt in accordance with ASME
Section [II. From the outboard containment {solation check valve to
the motor-operated gate valve the system is classified as Safety Class
2 Seismic Category I. Those portions of the feedwater piping that are
Safety Class 2 are designed to meet the requirements of NB-2300,
NB-2332 and NC-2310 of Section III of the ASME Boller and Pressure
Vessel Code.

All other feedwater and condensate lines and pressure retaining parts
are designed to ANSI B31.1. All stress levels in the piping are below
the ANSI B31.1 allowables.

Except for flanges at some equipment requiring removal for malntenance,
all piping connections are welded. The systems are designed to be leak
tight at normal operating pressures. Because operating pressures are
much higher than the pressures existing in the piping post-LOCA when
the reactor vessel is depressurized, leakage out of the lines post-LOCA
ie not expected.
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All feedwater and condensate pumps have backup pumps. The feedwater
booster pump backup will automatically start on a trip of another
booster pump, ensuring positive pressure is maintained in the feedwater
lines.

Extremely Low Probabilities of Failure and Release

The probability of 2 full circumferential large line break is extremely
small., If a pipe failed it would just crack or split enough to relieve
stresses, This less severe failure would not result in a rapid depres-
surization of the feed lines. The pipes would remain water filled;
once the feedwater leakage control system was initiated, it would
inject into an already water-filled volume.

Even if an earthquate occurred concurreant witii the LOCA and LOOP, the
non-safety piping would most likely maintain its integrity. A recent
study of actual piping performance during earthquakes states that "The
performance of large and small bore welded steel piping studied in
several recent domestic and foreign earthquakes has been excellent,.
Very few, if any, failures have been reported due to inertial loads.”
(NUREG-1061 Vol.2)

Further, the basic source term for offsite dose calculations is
extremely conservative in itself. Even if a large circumferential line
break concurrent with loss of offsite power did occur, iodine escaping
through the feedwater containment isolation valves would be largely
contained by the feedwater and condensate piping. Both plate-out on
pipe walls and scrubbing through pockets of water existing in the lines
would significantly decrease any radiation that could escape to the
environment. There is considerable conservatism in the assumption that
source term is instantaneously released to containment, which is
recognized in Regulatory Guide 1.96.

Feedwater Isolation Check Valve Design

Refer to the enclosed valve drawing 40-1012-1.

The feedwater isolation check valve is an anti-water hammer lift check
type, designed to seal against water pressure.

The anti-water hammer design was specified to minimize the forces
resulting from check valve closure due to a feedwater line break
outside containment., The moving portion of the valve consists of a
disk, tube and piston. As the valve closes, water from below the
piston is forced out of a cavity above the dash plate. The water is
forced through the small annular space between the dash plate opening
and the tube. The small annular space acts as a flow restrictor,
resulting in the necessary damping.

The valve sealing surfaces were designed to seal against water. Water
was specified as the leakage medium after we incorporated a Feedwater
Leakage Control System which would ensure a long-term safety-related
water seal. The disk and seat mating surfaces are hard-faced. The
hard seats provide an appropriate barrier to water leakage. Also, the
width of the seat results in bearing stresses suitable for sealing
against water.
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Designing a check valve for reliable BWR feedwater service is not
entirely consistent with designing for air leak integrity. 1In fact,
design provisions for air leak can aggravate seat erosion, reduce
reliability and may introduce a new small break LOCA mode.

For example, one way to seal against air at peak containment pressure
would be to reduce the width of the valve seat, Reduction in seat
width may have an adverse affect on safety. Severe erosion of the
smaller seat during normal operation could result in excessive water
leakage during normal plant transients (feedwater pump trip) and a
potential safety problem.

Another way to design a check valve to normally handle water and still
pass an air leakage test would be to incorporate a soft seat. Operat-
ing conditions (local flow velocities, temperatures and radiationmn)
challenge soft seat material fiategrity. Degradation of the soft seat
may also result in excessive leakage and a potential safety problem.

In conclusion, the Perry feedwater isolation check valves have been
designed to maintain system integrity during all plant transients that
result in reverse feedwater flow. Under these conditions, the valves
should be designed and tested to minimize water leakage.

Regulatory Compliance

As established in the second supplement to the Perry Safety Evaluation
Report, Section 6.2, (a) the feedwater lines do not constitute air
bypass leakage paths because of adequate design provisions for water
sealing, and (b) 10CFR50 Appendix J/Type C leakage testing with water
was acceptable because a dedicated feedwater leakage control system was
provided for these lines. The basis for this determination is also
consistent with applicable parts of the Standard Review Plan
(NUREG-0800) as further die-:ussed below.

In an April 18, 1982 memorandum from H. R. Denton to the NRR staff, the
standard review plan (SRP) was described as "the most definitive basis
available” for verifying NRC's design criteria and design guidelines
for an "acceptable level of safety” for light water reactor facility
reviews,

SRP 6.2.6, "Containment Leakage Testing,” establishes that water
leakage testing of the Perry feedwater valves is peraissible under the
following conditions- which are satisfied as described below:

1. The feedwater line is not a potential air leak path. Above
discussions of feedwater system operation, leak integrity and
availability supplement the earlier NRC finding that FW-LCS
design meets applicable criteria for redundancy, missile

protection and temperature/pressure rating (see also design
criteria in Regulatory Guide 1.96).

2« A liquid inventory is available to maintain a water seal during
the post-accident period. The above discussion substantiating
a 30 day water seal again supplements the earlier NRC finding
that the FWLCS design is acceptable.

R e AR e e
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3. Limits for liquid leakage are assigned to feedwater isolation
valves based on analysis (reported in PY-CEL/NRR-0259L).

Branch Technical Position CSB 6-3 further establishes that
determination of bypass leakage rate should be done in a realistic
manner considering design limitiations, and references design criteria
in Regulatory Guide 1.96 as applicable to water sealing systems such as
the FW-LCS. The Perry FW-LCS meets the content of these criteria, *
Regulatory Guide 1.96 also confirms that sufficient credit can be taken
for delay in traansport of radioactivity to assume no release during the
first 20 minutes post-LOCA, (in manually-initiated main steam line
isolation valve leakage control systems). Application of comparable
assumptions would further reduce feedwater bypass leakage.

Conclusion

As determined by the NRC in SSER 2, January 1983, and by the above
comparision to the Standard Review Plan criteria, the Perry feedwater
lines should accordingly be Type C tested with water. This conclusion
is further substantiated by the preceding technical evaluation of the
following key points:

o Compliance with R.G. 1.96 design criteria,

o Limited voiding of the feedwater lines,

o A highly reliable feedwater system which could maintain another
positive water seal outboard of the gate valve, combined with

o Low probability of catastrophic feedwater line failure
concurrent with a LOOP,

o Isolation valve design for leak integrity under realistic
operating as well as conservative accident conditions, which
avoids potential new failure modes,

o  Inherent conservatisms in offsite dose calculation and
insignificant consequences of a release

Regulatory Guide 1.96 Revision 1 (JUNE 1976) Paragraphs C-1 through C-10:
Seismic Category 1, Applicable Quality Group Standards, protection against
missiles/pipe whip/jet force/design-basis environment, single failure
criterion/no adverse effects on feedwater system, LOCA with coincident
LOOP/function for duration of accident requiring containment integrity,
designed to permit actuation within 20 minutes, I&C designed to ESF
standards, and control interlocks for overpressure protection.
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