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INTROOUCTION

Steam generator water hammer has occurred in certain nuclear
power plants as a result of the rapid condensation of steam

in a steam generator feedwater line and the consequent
acceleration of a slug of water which upen impact within the
piping system causes undue stresses in the piping and_1ts‘
suppert system. The significance of these events varies .:cm
plant to plant. Since the total loss of feedwater could affect
the ability of the plant to cocol down after a reactor shutdown,
the NRC is concerned about these events occurring, even though
an eveni with potentially serious conseguences is unlikely to
happen.

Because of the continuing occurrence of water hammer events, the
NRC, in September 1977, informed ail PWR licensees that water
hammer events due to the rapid condensaticn of steam in the
feedwater lines of steam generators represented a safety concern
and that further actions by licensees for Westinghouse and
Combustion Engineering designed nuclear steam supdly systiems

are warranted to assure that an acceptably low r3sk.:o public
safety due to such events is maintained. Accordingiy, t@ese
licensees were requested to submit proposed hardware and/or
procedural modifications, if any, which would be necessary to
assure that the feedwater lines and feedrings remain f111ea. .
with water during normal as well as transient operating conditionms.
At the same time, the NRC provided each PWR licensee with a copy
of its consultant's report, "An Evaluation of PWR Steam
Generator Water Hammer," NUREG-0291.

The feedwater system and steam generator at the

Beaver Valley Power Station, Unit No. 1 (BVPS-1) were
designed and built with provisions to preclude the potential
for steam generator water hammer. The feedwatcr piping has
loop seals or inverted U-tubes, the steam generator feedrings
discharge through J-tubes on the top of the feedwater
sparger, auxiliary feedwater flow is automatically initiated
and as a result of the NRC review of the BVPS-1 for an
operating license, a licensing condition was impesed
limiting the flow of auxiliary feedwater in the event that

a feedwater line might contain steam.

EVALUATION

Qur consultant, £G&G Idaho Inc., prepared the enclosed evaluzticn
of steam generator water hammer at 3YPS-1 as part of ocur technical
assistance program. We have reviewed this report together with
the licensee's submittals listed under item 4.0.

CONCLUSION

Based on our knowledge of water hammer phenomena, and cur review
the lTicensees responses and the enclosed evaluation repors, we
concur with our consultants conclusion that the existing means
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for reducing the potential for steam generator water hammer

at this facility are adequate. These means are, therefore,

acceptable to the staff and no further action is required of
the licensee with regard to steam generator water hammer.

4.0 FREFERENCES

1. Letter from £. J. Woolever to A. Giambusso, Subject -
"Steam Generator Secondary System Fluid Flow
Instability", July 9, 1275,
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"Response to September 2, 1877 NRC letter on Feedwater
Water Hammer", January 25, 1878.
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[. INTRODUCTICN

A safety evaluation was performed for the Beaver Valley Power
Station (BVPS) feedwater system. This evaluation was concerned with the
effectiveness of the means to reduce the potential for water hammer in
the feedwater system during normal and hypothesized operating canditions.

Although a steam generator water hammer 2.ent has nct been axperi-
enced to date at the 3VYPS, additicnal means were implemented %o further
Timit the potential for water hammer at this facility. These means were
adopted based on a review of events that occurred at several other
facilities.

Since the rapid condensation of steam in the feedwater system can
be avoided Ly keeping it full of water, this evaluation was based cn the
effectiveness of the modifications to maintain the feedwater system full
of water during normal and transient cperat%ons. The infcrmation for
this review was obtained from the licensee, from its submittals of
July 9, 1975[]] and January 25, 1978[2], and from the Beaver Vallesy
Power Station Final Safety Analysis Report[3].

A description of the feedwater system at the 8VPS and its general
operation during a transient are presented in Section [I. The modifi-
cations*to raduce the potential for wataer hammer and a general discussicn
of the effectiveness of these modifications during transients cconducive
to water hammer are presented in Section III. Finally, conclusions are
presented in Section IV concerning the acceptability of the modifications™
made at the BVPS.

*Note added by NRC: Refers to design changes incorporated in the
construction of Beaver Valley Power Station, Unit No. 1 prisr to
the issuance of the operating license.



II. FEZDWATER SYSTEM

1. DESCRIPTION

The feedwater system for the BVPS was designed to provide an
adequate supply of feedwat2ar to the secondary side of the three steam
generators under all lcad conditions. Two half-size steam generator
feedwater pumps, each rated at a flow rate of 15,200 gpm and 1300 feet
total developed head (TOH), supply main feedwater %o the three staam
generators. Each feedwater pump is equipped with two 4000 hp electric
motors connected in tandem. The pumps receive water from 3 ccmmon

header supplied by the condensate pumps via the low pressure feedwater
heaters.

Feedwater from the main feedwater pumps is supplied tc a main
header via the high pressure heaters. The main header splits into three
16" lines with individual feecwater regulating valves. Each feecwater
line supplies water to a feedwater ring inside of each steam generatsr.
Water is discharged frem the top of the feedring via inverted "J" tubes
which direct the flow downward.

The auxiliary feedwatar system supplies water to the steam generators
for ccoling the reactor after shutdown. Auxiliary feeawatar can de
supplied to the steam generators by two independent pumping systems
consisting ¢f two electric motor driven and one turbine driven auxiliary
feedwater pumps. The two motor driven pumps, each rated at 330 gpm and
2636 ft. TOH, operate with normal off-site pcwer or pcwer supplied by
the emergency diesel generators. The turbine driven pump, rated at
700 gpm and 2686 ft. TOH, is driven by steam supplied from each steam
generator ocutlet header. The auxiliary feedwater pumps are suppliac
with water from the 140,000 gallon primary plant demineralized watar
storage tanks. The backup water source is suppiied By the river water



pumps or the engine driven fire pumps which all take suction from one of
the river water system headers. Redundant lines carry water from the
auxiliary feedwater pumps and connect to eich of the three main fescwatar
lines just ocutside of the containment building.

2. GENERAL QPERATICN

Ouring normal operation, the main feedwater system supcplies feedwater
to the three steam generators for heat remcval from the primary system,
This flow can be interrupted by the loss of off-site power or by a
manual action or an automatic system protective action (such as a safety
injection signal), all of which cause the main feedwater pump breakers
to open. ODepending upon the type and extent of such an action, closure
of the main feedwater isolation, bypass, and contro] valves can also
occur as a result of the opening of the main feedwater pump breakers.
Complete isolation of the main feedwater system is initiated by (1) a
reactor trip in coincidence with two out of three low primary cooiant
average temperature (Tave) signals in the water returning from any one
steam gene ator, (2) twe out of three high-high steam generator levels
in any one steam generator, or (3) a safety injection signal. The
isolaticn of the feedwater system serves the dual purpose of (1) limiting

excess reactivity resuiting from a lowered Tave due to continued feedwatar
flow entering the steam generatars following a reactor shutdewn and
(2) preventing further addition of steam %o the containment building in

the event of a steam line break.

The interruption of feedwater for an extended pericd while the
feedring is uncovered can result in drainage of the feedrings and feeg-
piping. Orainage of the feedrings and feedpiping resuvits in acmissicn
of steam which is conducive %0 slugging and subscquent water hammer
when auxiliary feecwatar flowing in the main feedwater piping entars the
piping at the entrance to the steam gjenerators. Significant drainage is
unlikely, however, due to installation of "J“ tubes on *he feedrings
(described in a subsequent secticn) and preomot initiation of auxiliary




feedwater after main ‘eedwater flow has been terminated. Also, when the
main feedwatar control valve receives a clcosure signal, a significant
amount of feedwater continues to enter the steam generators during the
15 second clcsure time of this valve. This feedwater flow during valve
closure keeps the feedring full ard contributes to the recovery of
normal steam generator level.

The motor driven auxiliary feedwater pumps start on (1) two out of
three steam generator low-lcw water level signals in cne steam generator,
(2) the opening of the main feedwater pump breakers, cr (3) 3 safety
injection signal. The turbine driven auxiliary faedwater pumg starts on
(1) any steam generator low=low level signal or (2) twe out o
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primary coolant pump low veltage signals. The maximum hypothesized time
delay from feedring uncovery to delivery of auxiliary feedwater to the
steam generators is about 20 seconds. This delay is based cn a hyps-
thetical transient which isolates the main feedwater system and automati-
cally initiates auxiliary feedwater flow upon receipt of one or more of
the preceding auxiliary feedwater pump é:art signals. Automatic inter-
ruption of auxiliary feedwater flow will result from a high-high steam

o

generator level. Normally, however, the automatically initiated auxiliary
feedwater is manually controlled shortly after feedring uncovery occurs.

The auxiliary flow is then regulated and adjusted to refill the staam
generaters and maintain the water levels above the feedrings.



III. MEANS TO REDUCE THE POTENTIAL FOR WATER HAMMER

1. DESCRIPTICN

The following procedures and hardware are employed in the BVPS to
reduce the potential for water hammer in the fesdwater system:
1. "U" shaped loops in the feedwater lines were installed at the
entrance to the steam generators.

2. "J" shaped tubes were installed on top of the feedrings ard
the bottom discharge holes were plugged.

3. The auxiliary feedwater pumps automatically start within
20 seconds to supply auxiliary feecwater to the steam generaters
after the loss of the main feedwater pumps.

4. Administrative control 1imits the feedwater flow tc an equiva-
Tent of 1.2 inches of steam generator secondary water leve)
per minute within 2 minutes of determining that the level in
any steam generator has been delow the feedring.

The "U" shaped lcops were instailed in the feecwater lines with %th
first elbow of each lcop connected %o the steam generator nczzle. This
Toop "seal" reduces the length of feedpiping that could fill with steam
should feedring uncovery and substantial drainage cccur. B8y recucing
this length of piping, the potential for water hammer is also recuced.
The "J" shaped tubes were installed on top of the feedrings ta provide
for top discharge of water from the feedrings rather than bottem discharge.
This arrangement keeps the faedrings full much longer aftar feedring
uncovery occurs. Maintaining the feecrings and feecpiping full of water
while the feedrings are unccvered greatly reduces the potential for
water hammer. Uncer ccld conditions an oboserver visually determined
that the feedring drainage time for an uncoversd fsecdring ~as spoout




2 1/2 hours. It was assumed that the only leakage frcm the feedring
occurred through the thermal expansion clearance between the faedring
nozzle and the steam generator nozzle. The prempt automatic start up of
the auxiliary fewdwater pumps after the loss of the main feedwater pumps
will insure sufficient flow to keep the feedrings and feedpiping full of
water during feedring uncovery. The agxiliary feeawater pumps are also
used to recover the feedrings and maintain recovery under manual control.
The motor driven auxiliary feedwater pumps are backed up by the turbine
driven auxiliary feedwater pump. B8oth types of pumps have independent
power supplies (Section II) to ensure that auxiliary feadwater is availab's
during any transient which causes interrupticn of main feedwatar flow.

Administrative control limits the equivalent feedwatar flow to
1.2 inches of steam generator level per minute (about 150 gpm) when th
level is below the feedring. The flow limit is in effect within 2 minutes
of feedring uncovery and allows time for the operatcr tc beccme aware of
feedring uncovery and to manually reduce auxiliary feecdwater from full
flow to the administrative limit. |

2. EFFECTIVENESS DURING TRANSIENTS CONOUCIVE TO
WATER HAMMER

2.1 Reactor Trip

Quring normal cperaticn the water level in the steam generator is
maintained above the feedring and therefore steam cannct entar the
feedring to react with cold feedwater. After a reactor trip, however,
the liquid levels in all steam generators "shrink" to a level belew the
feedrings. Within 15 seconds after the resulting steam generator low-

Tow level signals, the motcr driven ana turdine ariven auxiliary feedwater
pumps automatically start up to supply auxiliary faecdwater %o the staam
generators. The main feedwater system is isolated after 3 low reactor

Tave signal or a steam generztor high-high level signal. Auxiliary

feedwater is normally under manual cantrol within 2 minutes after feedring
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uncovery. The manually controlled flow is then maintained until feedring
Tecovery occurs and subsequently adjusted to maintain the steam generater
levels above the feedrings. If the auxiliary flow is not manually
reduced after its initiation, the auxiliary feecwater pumps will stop
upon receipt of a high-high steam generator level signal.

The potential for water hammer occurring in the feedring and
feedwater piping after a reactor trip is very low because the main and
auxiliary feedwater systems keep the feedrings and faedwater piping full
of water while feedring recovery occurs.

2.2 Loss of Main Feedwater Pumos

Any event that causes the main feedwater pump breakers to cpen will
result in automatic startup of the motor driven and possibly the turbine
driven auxiliary feedwater pumps within 15 seconds after the breakers
open. The auxiliary feedwater is more than sufficient (aven unger
manual control with the administrative flow limit) lo keep the feedrings
and feedpiping liquid full while the steam generators refill and feedring
recovery occurs. |

" The loss of the main feedwatar pumps would net result in drainage
of the feedrings because auxiliary feedwater would be suppliied to the
feedrings and ?eecpiping tefore any significant drainage sccurrea.
Therefore, the conaitions necessary for water hammer are avoided.

2.3 Loss of Off-3ite Power

Loss of cff-site power which sucplies the main faecwatar pumps will
Cause the diesel generator to start automatically. The diese!l generataor
is the backup power source for the motor driven auxiliary feecwater
pumps which start after the loss of the main feecwater pumps. Within
20 seconds after the off-site power loss, the metor 2riven and turdine
driven auxiliary pumps will start up to supply auxiliary feegwater %o
the steam generators. The turbine ariven sumps are not depencent .oon

AC electrical power sinca steam %2 drive the pumps is crawn Srem “he




steam generator main steam lines and electrical controls are peov-ered Dy
the station batteries. Auxiliary feedwater continues until tne feecrings

are recovered and the steam generator levels are then maintained Sy
manual auxiliary feedwater contral.

As was the case for the loss of the main feedwater pumps, auxiliary
feedwater maintains the feedrings and feedpiping full of water until
feedring recovery cccurs and again the conditions conducive to water
hammer are avoided.

2.4 (Qperator Error

The potential for water hammer in the feecwater systam increases
greatly if uncovered feedrings are allowed %3 drain substantially after
an event causes the steam generator water levels to go selow the feedrings.
Admission of feecwater into or recovery cf the drained feedrings and

feedniping could then result in water slugging and subsequent water
hammer:.

After the uncovery of cne or more feedrings, automatic auxiliary
flow in conjunction with feedring "J" tubes greatly recduce the chance of
substantial feedring drainage. If the feedpiping and uncovered feedring
were to inadvertently drain partially or completely, the potential fer
water slugging would be decreased by (1) the acministrative *low limitation:
and (2) the U-shaped gecmetry of tha feedpiping at the entrance to the
steam generators.

Acministrative control limits the equivalent faecdwater “low o
1.2 inches of steam generator level per minute (abcut 150 gem) when the
Tevel is below the feedring. The flew limit is in effect witnin 2 minutes
of feedring uncovery and allows time for the cperator Lo Secome aware of
feedring uncovery and %o manually recucs auxiliary feedwater from full
flow to the administrative limis.
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2.5 Steam Line 8reak

The possibility of water hammer events occurring as a result of or
in conjunction with a steam line break is also considered in arder %o
determine whether this wacer hammer event could occur and cause a feedwatar
line rupture. Such a rupture could result in the blowdown of more than
one steam generator or result in the loss of capability to supply auxiliary
feedwater,.

In the event of a steam line break, the flow of auxiliary feedwater
would be automatically initiated by low=low water level signals from any
one steam generator, opening of the main feed pump braacers, cr by 2
safety injection signal. Thus the feedrings in the unaffected steam
generators will be kept full of water by the autcmacic operaticn of the
auxiliary feedwater system.

The auxiliary feecwater system provides sufficient recundancj Lo
ensure the required flow to a minimum of two steam generators wnile
subjected to a single failure. To maintain a safe cendition, water need
be supplied to only cne steam generater for primary heat remcval. Thus
the means for precluding water hammer in the unaffected steam generators

would be fully effective under the conditions of a steam line break.

2.6 Loss of Coolant Accicent (LOCA)

Since the consequences of a LOCA might bte increased Sy the blowdown
of a steam generator during the LOCA, the possibility of a steam generator
watar hammer event resulting from the plant trip or safety injection
cperations initiated by the LOCA should be cocnsicerad. t the Zeaver
Valley Power Station, a LOCA would result in a safety injection signal
that would autematically initiate the flow of auxiliary feecwatar.

Thus the conditions necessary £3 procduce 3 water hammer event after
a LOCA are avoided by the same means employed in the casa of an crdinary
reacior trip or the loss of cff-site power discussed previcusiy. These

means will De effective in precluding water hammer 2vents because A




conditions in the steam generator and feedwater piping that might be
conducive to water hammer will not be substantially influenced Oy wheziher
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er not the reactor trip is the result of a LOCA.



IV. CONCLUSIONS

The assessment of the capability of existing means to reduca the
potential for steam generator water hammer during various hypothesized
transients and conditions at the BVPS was discussed in Section III.

This assessment has shown that under conditions which are most conducive
to water hammer in the feedwater system (sgecifically, 3n uncovered and
draining feedring and feedwater piping subjected to admissicn of cold
auxiliary feedwater), the means to reduce the potential for water hammer
at the BVPS are adequate to maintain a sufficientiy full faedring and
feedwater piping until feedring recovery cccurs. Thereforas, since
keeping the feedrings and feedwater piping full of water eliminates the
potential for slugging, we find that the mean. to reduce the potential
for steam generator water hammer at this facility are adequate.
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