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L] Pennsylvania Power & Light Company

Two North Ninth Street ¢ Allentown, PA 18101 « 215/ 770-5151

Norman W. Curtis
Vice President-Engineering & Construction-Nuclear
215/ 770-5381

NOV 038 1982

Mr. A. Schwencer, Chief

Licensing Branch No. 2 ..

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

SUSQUEHANNA STEAM ELECTRIC STATION o
ADDITIONAL INFORMATION -~ ESW SYSTEM

ER 100450 FILE 841-2

PLA-1388 Docket No. 50-387

Dear Mr. Schwencer:

As discussed in our meeting with the Staff on November 5, 1982, PP&L has
identified single failure concerns with the Emergency Service Water (ESW)
System of the Susquehanna plant. This letter provides an explanation of those
concerns, and a discussion of the impact on plant performance.

Introduction

During recent design activities associated with a modification at Susquehanna
Steam Electric Station, it was discovered that an unidentified and unevaluated
single failure potential exists in the Emergency Service System (ESW). This
system supplies cooling water for on site emergency A.C. power Diesel
Generators (DG's), for the Control Structure HVAC chiller, and to ECCS
equipment and room coolers. The single failure could result in degradation
of these systems' performance. :

Upon investigation it was found that this failure, ie. the ESW loop bypass
valve failing to open when the system is initiated, was missed in the failure
mode and effects analysis (FMEA) because the analysts assumed the valve to be
normally open and not subject to failure on system initiation. The system
operation as originally planned in the early 1970's included a normally open
position for this valve but the line-up was changed in late 1977 to prevent
the system from draining while shutdown, thus reducing the potential for
water hammer. This change was not properly factored into the FMEA performed
later (1981).

The following sections discuss plant performance and what is being done to

demonstrate adequate plant performance for the period until the ESW system can
be modified to conform to the design basis.

R SRS
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Plant‘Perforﬁance

In order to demonstrate adequate plant performance in accordance with the
FSAR, even when a single failure results in loss of an Emergency Service Water
loop (either A or B), the following must be demonstrated:

1. sufficient onsite emergency power sources (Diesel Generators) are
available to meet accident mitigation and safe shutdown load requirements.

2. Adequate cooling is supplied to one of the two control structure chillers
to maintain required environmental conditions in the Control Structure and
Emergency Switchgear rooms, and

3. Adequate cooling is supplied to ECCS equipment and ECCS room coolers to
support operation of ECCS equipment for times assumed in the FSAR ECCS
analysis (10 CFR analysis).

Each of these requirements are discussed below:

1. Diesel Generators

Adequate On Site Emergency Power is obtained if three of the four emergency

D.G.'s function when called upon in an emergency condition. The four D.G.'s

are normally cooled by ESW loop "A". If inadequate cooling is supplied
then all four D.G.'s will switch to ESW loop "B" for cooling. Currently
the indication of "inadequate flow" is generated by ESW pump breaker
position., This may not be adequate under all circumstances. Therefore,
this transfer logic is being modified to initiate transfer on a direct
indication of low flow in the "A" ESW loop. The flow measuring device is

located in the common discharge of the "A" ESW loop pumps. This“modification

is described in Attachment A, Plant Modification, and will be installed
prior to exceeding 5% power.

2. Control Structure Chillers

There are two control structure chillers, either one of which can supply
sufficient cooling to meet the Control Structure and Emergency-Switchgear
Room environmental condition requirements during accident conditions. One
chiller is supplied by ESW Loop "A" and the other by ESW Loop "B".
<Therefore, even a single failure that 1ncapac1tates one ESW loop does not

result in loss of Control Structure Coollng.
¥
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3. ECCS Room and Equipment Cooling

If ESW loop "A'" is lost then Division I ECCS equipment and rooms will
receive no cooling water flow. Likewise, if ESW Loop "B" is lost,
Division II ECCS equipment and rooms will receive no cooling water flow.
The most limiting LOCA (break - size and break location) requires at least
one core spray loop be operating plus one RHR pump from each Division.

During the loss of one ESW loop, a core spray system and two RHR pumps

are provided from the division which has cooling. Both DG's providing

AC power to this completely operable ECCS Division are running and have
cooling, and room and equipment cooling is provided by the operating ESW
loop. ECCS equipment in the other Division associated with the inoperable
ESW loop does start, however it does not have component and room cooling.
In the most 11m1t1ng case one RHR pump starts. In other cases more ECCS
equipment is avallable.

The FSAR ECCS Analysis (Appendix K Analysis) demonstrates that Appendix K
limits can be met even for the worst break scenarios if flow from the

RHR pump associated: with the 1noperab1e ESW loop can be maintained for

10 minutes. (See discussion in Attachment B, Effects of ESW Single Failure
on LOCA Analysis).

During accident conditions, the RHR System pumps suppression pool water
which is heating up as a result of the LOCA blowdown and injects it into
the reactor. This heated water warms the RHR room as it passes through
and also heats up the pump as does internally generated heat in the pump.
Based on design information for the pump and motor combined with a test

to confirm the effects of internally generated heat in the pump and motor,
it has been shown that the pump can operate effectively for at least 10
minutes and probably considerably more without room or component cooling.
See Attachment C, RHR Pump Operation Without Cooling, below for details
of the RHR pump capability.

Therefore it is concluded that adequate core cooling is assured for all

LOCA cases since ECCS equipment is available for sufficient time to meet
the requirements of the FSAR ECCS Analysis even if an ESW loop is lost.

This demonstrates compliance with Appendix K requirements for all power

levels, combinations of break sizes, and break locations required as

a design basis,

* The most limiting case is the loss of either A or B Diesel generator which
results in the loss of A or B ESW respectively because these DG's supply
power to the Bypass valves and to the ESW pump discharge valves in those
loops and also results in loss of one RHR pump and loss of the core spray
loop on that side because these DG's power the respective core spray
injection valve..
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It is not PP&L's intention to rély on this evaluation as a long term basis for
operation. Modifications will be made to eliminate this single failure.

While a specific plant modification has not been decided upon, several
alternatives (see Attachment D, ESW System Modification Alternatives) have
been identified which can solve the problem. These are currently being
evaluated for equipment availability, complexity of installation, effectiveness
in solving this problem and improving the design, etc. A decision on which.
modification will be installed is expected before December 1, 1982, We will
inform you of the chosen modification and its implementation schedule at that
time.

Very truly yours,

U (untea’

N. W. Curtis

- Vice President-Engineering & Construction-Nuclear

WEB/mks
Attachments

cc: R. Perch - USNRC
G. Rhoads - USNRC






ATTACHMENT A

PLANT MODIFICATION

The listed change is being made to correct the current design which is not
single failure proof. In the current design, cooling to the diesel
generators will not be provided if the bypass valve fails to open. Note:
the diesel generators are normally aligned to the "A" ESW loop. The change
is:

o If low flow is sensed in the A loop this actuates the automatic valve
transfer at the diesels. (An additional change is being made to
address water hammer if the bypass valve fails to close).

This change is intended to provide cooling to the diesel generators in the
event the spray pond bypass valve fails to open in the A loop or the valves
indicate open but are failed closed. In the event that any of these valves
fail, a low flow switch will cause an automatic valve transfer at the diesel
generators. This action provides adequate cooling to the diesels and also
allows the operator to open a spray network valve providing a flow path thus,
cooling to the room coolers if the bypass valve is the failure.

After this change has been incorporated, the single failure of the bypass
valve to open will not jeopardize cooling to the diesels.






ATTACHMENT B

Effect of ESW .Single Failure on LOCA Analysis

The SSES ECCS evaluations performed in FSAR Chapter 6 identify the potential
single failures as shown on Table 6.3-5 (attached). Also shown on Table 6.3-5
are the ECCS systems remaining for the corresponding single failures. The

- effect of the ESW single failure is similar to the failure of a single diesel

generator. For the case where the ESW bypass valve fails to open as the
result of a diesel generator failure, the following ECCS equipment remains
available:

(1) For suction breaks - all ADS, HPCI, 1 CS, 2 LPCI injecting into the
broken loop, 1 LPCI available for at least 10 minutes in the intact
loop.

(2) For discharge breaks - all ADS, HPCI, 1 CS, 1 LPCI available for at
least 10 minutes in the intact loop.

GE has performed an analysis documented in SSES FSAR question 211.105 (LPCI
diversion study) which addresses a situation similar to that described above,
i.e., one RHR pump in LPCI injection mode for 10 minutes only. The GE analysis
considers the impact of diverting LPCI to containment spray cooling at 10
minutes, which is equivalent to assuming that the LPCL pump without cooling
water can only operate for 10 minutes (actual testing of the pump without
cooling has shown that operation of the pump beyond 10 minutes is possible -
see Attachment C RHR Pump Operation, without Cooling).

The FSAR analysis shows that for break sizes from large down to less than

.08 ft2, core reflooding is.achieved prior to 10 minutes. Therefore, for this
range of breaks, the loss of a RHR pump at 10 minutes will have no effect on PCT.
For smaller breaks, GE has shown in response to FSAR question 211.105 that the
most limiting break location and size affected by the loss of one RHR pump at
10 minutes is a .026 £t? core spray line break. This break results in a
calculated PCT of 1644 F. For breaks smaller than .026 ft2, calculated PCTs
will be lower since core uncovery will be for a shorter time period and decay
heat at the time of uncovery will be lower. Breaks larger than .026 ft2 get
some reflooding benefit from the RHR pump before the assumed loss of the pump
at 10 minutes resulting in lower PCTs. Based on the results of the RHR pump
testing we expect the RHR pump without cooling to be available for longer than
10 minutes, thus resulting in PCTs less than those discussed above.

Long-term core and containment cooling requirements are discussed in FSAR
Sections 6.2 and 6.3. For the Case of core cooling, the analysis shows that
either one core spray loop or one LPCI pump is adequate to assure long-term
core cooling. Long-term containment cooling can be achieved in two ways

(1) one RHR pump aligned to pass flow through one RHR heat exchanger with flow
discharged to the reactor vessel, or (2) one core spray loop injecting into the
vessel with one RHR pump and heat exchanger operating in the containment spray






mode. For the special case of a core spray line break, RHR flow would be

drawn from the suppression pool, pumped through the heat exchanger and 1n3ected
into the vessel to maintain core cooling with water returned to the suppression
pool via the break or alternatively through opened ADS valves by flooding the
vessel., Either of these methods is acceptable in assuring long-term core and
containment cooling. Thus, the minimum equipment required for long-term core and
containment cooling is one RHR pump and heat exchanger, ADS, and, if available,
oné core spray loop.

In conclusion, since for all cases adequate 'core and containment cooling can be
malntazned, a single failure in the ESW system will not result in LOCA
consequences more severe than those previously discussed in FSAR Sections 6.2 and
6.3. '



Assumed Failure

LPCI Injection Valve
HPCI
Diesel Generator

One ADS Valve

r‘

SINGLE PAILURE EYALUATION

SSES-FSAR
TABLE 6.3=5

Suction Break
Systems Remaining

All ADs, HPCI, 2 Cs,
2 LPCI (1 loop)

All ADS, 2 CS, 4 LPCI
(2 loops)

All ADsS, HPCI, 1 CS
3 LPCI (2 loops)

All ADS minus one,
HPCI, 2 CS, 4 LPCI
(2 loops)

‘." : 4

.Discharge Break

Systems Remaining
All AbS, HPCI, 2 CS

All ADs, 2 Cs,
2 LPCI (1 loop)

All ADSs, HPCI, 1 Cs,
1 LPCI (1 loop)

All ADS minus one,
HPCI, 2 CS, 2 LpCI
(1 loop) 1

Other postulated failures are not specifically considered because
they all result in at least as much ECCS capacity as one of the
above designated failurese.

Rev 4, 1/79



ATTACHMENT C

Residual Heat Removal Pump Operation
Without Cooling

Test Objective:

The objective of this test is to demonstrate that the Residual Heat Removal
(RHR) pumps are capable of operation without Emergency Service Water (ESW)
cooling water for a minimum of 10 minutes without exceeding the design
temperature limits for the pump/motor components. In addition, the results
of this test will be evaluated to insure that the test will adequately
predict the postulated accident conditions including the effects of elevated
Suppression Pool temperatures. This report has been prepared to support
interim ESW operational conditionms.

Discussion of Test Conditions:

In order to meet the above objective with a safe and reliable test, the "RHR
Quarterly Flow Verification" (quarterly full-flow surveillance test) was
modified to approximate the conditions needed. The RHR system was lined up
for automatic Low Pressure Coolant Injection (LPCI), except that the RHR "C"
pump was prevented from starting to simulate the loss of its electric power.
The RHR system was filled and vented in accordance with the normal operating
procedures. The only other exception to the normal system line ups was that
the ESW system was secured, but available for operation. The RHR system flow
path was from the suppression pool, thru the RHR pump, discharging back into
the suppression pool thru the RHR system full-flow test line.

To approximate the accident condition as nearly as possible, normal and
emergency ventilation to the RHR pump room was secured. Emergency
ventilation was secured because it is normally cooled by ESW. The cooling
fan for the "A" emergency ventilation cooler was allowed to start and run
because it is powered by the same diesel as the "A" RHR pump; however, ESW
was not available to the cooler. The only other heat sources in the RHR pump
room were the RHR "A" pump itself, along with its associated piping, and the
High Pressure Coolant Injection (HPCI) turbine steam line cross comnection to
the RER heat exchanger. This steam line was hot up thru the steam pot drain
to the normally closed isolation valves. The line is the cross tie for the
Steam Condensing Mode of the RHR system. All other potential heat sources
(i.e. lighting, instrumentation and valve motors) operated in their normal
mode.

The only heat source for which the test conditions did not closely
approximate the postulated accident conditions was the Suppression Pool
During the test the Suppression Pool temperature was at ambient conditioms
Figures 1 and 2 show that the expected temperature variation could be an
increase of 54° from the upper Technical Specification limit of 90°F to 144°F
as shown. Justification for this correlation is contained under
"Conclusions" of this report.

To evaluate the pump and motor heatup rates the following points were
monitored and recorded every 30 seconds:



.
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1. Motor bulk oil temperature (portable temperature monitor).

2. Motor thrust bearing temperature.

3. Motor upper guide bearing temperature

4. Motor lower guide bearing temperature

5. Air intake temperature to pump motor (portable temperature monitor)
6. Pump room ambient aitr temperature (portable temperature monitor)

. Additionally, the following points were monitored every 2 minutes to insure

test conditions remained constant during the test period:

Pump flow rate

Pump suction pressure

. Pump discharge pressure

. Suppression pool temperature (2 channels)

LW N -

Before the test was performed, the NRC Resident Inspector was notified.

Test Results/Performance:

The test was intended to be run for 10 minutes with T=0 being the start of
the pump. Actually the pump was running for 10 minutes and 30 seconds, the
extra 30 seconds being the time required to close the full-flow test line
discharge valve. In order that a trend might be established for the’ period
following pump operation all parameters were monitored for 20 minutes from
T=0 and all data recorded.

The highest internal pump temperature recorded was 140.0°F at T=10.5 minutes
on the Kingsbury thrust bearings, while the highest bulk oil temperature was
118.4°F at T=12.5 minutes, 2 minutes after the pump was secured. Figure 3 is
a graph showing the bulk oil temperature plotted every 30 seconds for a
period of 20 minutes with an extrapolation showing the potential temperature
increase had the pump not been secured at T=10.5 minutes. The thrust bearing
temperature is also shown extrapolated to the high temperature alarm point of
185°F. This extrapolation implies that the pump can be run for approximately
26 minutes before exceeding the manufacturer's recommended alarm point on any
bearing surface. The maximum temperatures recorded on the upper and lower
guide bearings were 95°F and 110°F, respectively. As expected, the thrust
bearing temperature was the limiting condition. During the test the following:
parameters remained constant:

1. Pump flow rate = 12,200 gpm
2. Pump suction ‘pressure = 6 psig
3. Pump discharge pressure = 240 psig

The pump room temperatures averaged 71:7°F at T=0, reached an average peak
temperature of 74.6°F at T=12.5 minutes, and decreased to an average
temperature of 73.5°F at T=20.0 minutes.

During the test the average Suppression Pool temperature was 75.7°F, with a
slight temperature decrease of approximately 1.2°F experienced our the length
of the test. This decrease was attributable to the mixing action in the
Suppression Pool due to rumning the RHR pump.

-



Conclusions:

Prior to conducting this test the motor manufacturer, General Electric
Company, and the pump manufacturer, Ingersoll-Rand Company, were consulted
and briefed on the extent and objectives of the test. Their recommendations
were then incorporated into the test. Additionally, they were asked to
predict, based upon their own fields of expertise, what might be expected
from such a test. Their predictions and our results are compared in the
following paragraphs.

For the pump (see Figures 4 and 6) the only component of concern is the pump
shaft seal manufactured by the Crane Packing Company (see Figure 7). The
shaft seal is normally cooled by diverting process water through a seal
cooler; the seal cooler is in turn cooled by ESW. The purpose of seal water
is to 1) remove dirt from the seal and 2) cool the seal. Since the seal
water is taken from the pump discharge process fluid, the flow is not
interrupted by the loss of ESW and the cleaning function is still performed.
For this test the process fluid was Suppression Pool water at 75°F, therefore
the cooling function was also performed.

Since the postulated accident could raise the Suppression Pool temperature to
144°F, a condition not duplicated during the test, pump seal failure had to
be evaluated. Ingersoll-Rand Company representatives stated that this seal
design is used in several of their pump lines, including heater drain pumps.
In these pumps it is recommended that the seal water be cooled to 160°F for
maximum performance (note: this is the same model pump and seal as our RHR
pump). Additionally, the actual failure of the seal is dependent primarily
upon the melting point of the elastomer "O-ring" in the seal. The "O-rings"
in this seal are.'"CRANELAST" material code 3807 which meets the requirements
of ASTM-D-2000-2BA-810C-12F17. The design range of the shaft seal as stated
by Crane Packing Company is 40°F to 360°F, well above our expected process
fluid temperatures. Ingersoll-Rand stated that their experience showed,
however, that seals run at temperatures greater than 200-250°F deteriorate
rapidly and that if 200°F were exceeded, the seals should be replaced, even
though the manufacturer's recommended maximum operating temperature was not
exceeded. Considering the above design information, operation of the seal at
144°F would not cause a credible seal failure.

The upper and lower guide bearings, the thrust bearing and the breakdown of
the lubricating oil were examined for the evaluation of the pump motors.
General Electric engineers were consulted and they stated that RHR pump
motors (see Figure 5) had been previously tested by their motor-plant and run
for approximately 45 minutes without exceeding bearing or oil temperature -
design limits, This testing, however, was performed with the motor unloaded,
starting from cold conditions. Based upon their testing their opinion was
that neither our test nor operation with the postulated accident conditions
would be detrimental to the pump or motor. ‘Additionally they predicted that
we should see a bulk oil temperature rise of no more than 5°F per minute
which should decrease as the test proceeds. This temperature rise, if
accurate, would keep both the bearing and oil temperatures well within the
design limits.




. " .

During our test the thrust bearing temperature was significantly higher than
either the upper or lower guide bearings. Therefore, we limited our
examination to the thrust bearing and the breakdown of the lubricating oil.
Our test showed an average bulk oil temperature rise of 3.6°F per minute
after an initial fluctuation; this was consistent with the manufacturer's
predictions. The o0il used in the RHR pump motor is oxidation and corrosion
inhibited turbine oil with a viscosity of 450 SUS at 100°F and a viscosity of
60 SUS at 210°F. This demonstrates that the degradation point of the
lubricating oil is in excess of 210°F. For the thrust bearing a maximum
temperature of 140°F was observed. This is well below the alarm point 185°F,
the temperature at which the manufacturer recommended we secure the test.

No temperature limits were exceeded during this test; however, because the
Suppression Pool temperature could be as high as 144°F, this effect must be
considered. We feel the elevated Suppression Pool temperature will not have
an effect on oil or bearing temperature for the following reasons 1) the
cross sectional area for heat transfer by conduction thru the pump casing and
- shaft is small compared to the distance separating the pump flow channels and
the oil baths (see Figures 4, 5 and 6 for pump/motor details), and 2) the
time of operation without cooling water (10 minutes) is insignificant to
allow the very large RHR pump room to heatup and thereby increase the oil ox
bearing temperature; additionally, the inlet and out let piping of the RHR
Pumps are insulated further hindering heatup of the area. (This was
evidenced by the small increase in ambient temperature of 2.5°F observed
during the test.) To further demonstrate that the bearings and oil will not
be affected by the expected accident conditions it should be known that these
motors are designed to be operated with or without cooling water. When
operated without cooling water the bulk oil temperature limit is allowed to
rise to approximately 200°F with the only additional precaution of using a
high grade oil with an oxidation inhibitor, which, as noted above, is the
type of oil in the RHR pumps. ' )

Because of our testing and the manufacturer's assurances of conservatisms in
design, we conclude that the RHR pumps and motors are capable of operation
without ESW for a minimum period of 10 minutes and perhaps as long as 25 to
30 minutes. :
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ESW SYSTEM MODIFICATION ALTERNATIVES
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\ ESW SYSTEM MODIFICATION

Option 1l: This option would interconnect ESW Icop A & B return
loops to provide a flow path through the alternate bypass valve if
either one fails. Drain down protection is also p}ovided through

installation of additional valves.

The ESW discharge valves (powered off separate power supplies) are

jogged open 7° upon pump start and fully opened once the system-is

filled. The bypass valves remain closed until 120 sec's after ESW

pump start. The interconnection between ESW Loop A and Loop B is

provided to address failure of a bypass valve to open. This inter-
connection has parallel isolation vaives powered off 'of separate

power supplies. Additional ESW Loop A and Loop B valves are provided

to prevent waterhamme; given failure of a bypass valve tocdose. The
additional valvés are provided separate power supplies. Valve transfer .
is accomplished on flow signals. Automatic transfer from ESW Loop

B to Loop A would be incorpérated in the design.

A schematic of the system is attached for reference.
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ESW SYSTEM MODIFICATION

Option 2: This option would keep the ESW dischargé valves and bypass

I

valves open at all times.

Isolation of the vertical secitons of supply and return piping is
provided té avoid drain down with normally closed series valves powered
off different power supplies. The isolation valves on ESW supply are
jogged open until a pressure switch at the ESW Loop highpoint picks

up allowing the valves to fully open. Failure of one of the supply
valves to open will result in loss of flow to the control structure
chillers on the failed loop. This is acceptable as the control
structure chiller§ require only 1 of 2 ESW loops for cooling.

Automatic transfér from ESW Loop B to Loop A would be incorporated

in the design.

A schematic of the system is attached for referxence.
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ESW SYSTEM MODIFICATION

Option 3: This option provides a flow path and drain down protection
through either of two redundant trains of bypass valves should a

single failure occur.

The ESW discharge valves (powered off separate power supplies) are
jogged open 7° upon pump start and fully open once the system is
filled. ‘fhe bypass valves rema}n closed until 120 sec's after ESW
pump start. Two trains of series bypass valves powered off separate

power supplies provide’ protection against single failure.

Automatic transfer from ESW Loop B to Loop A would be incorporated

in the design.

A schematic is attached for reference.
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