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WASHINGTON, D. C. 20555

February 4, 1980

Dockets Nos. 5g-250
and +0-251

Dr. Robert E. Uhrig
Vice President
Florida Power 8 Light Company
Advanced Systems 5 Technology
P. 0. Box 529100
Miami, Florida 33152

Dear Dr. Uhrig:

Me have completed our review of the Turkey Point Plant Units Nos. 3 and 4

in regard to steam generator water hammer. Me have found that acceptable
precautions are being taken to minimize the occurrence of water hammer in
the feedwater piping. The bases for our conclusions are provided in the
enclosed Safety Evaluation Report dated January 1980. This completes our
review of steam generator water hammer in the Turkey Point Plant.

I

Sincerely,

pygmy~
Albert Schwencer, Chief
Operating Reactors Branch Pl
Division of Operating Reactors

Enclosure:
Safety Evaluation Report

cc w/enclosure:
See next page



Dr. Robert'E. Uhrig
Florida Power and Light Company - 2- February 4, 1980

cc: Honorable Dewey Knight
County Manager of Metropolitan

Dade County
Miami, Florida 33130

Bureau of Intergovernmental Relations
660 Apal.achee Parkway
Ta11ahassee, Florida 32304

Mr. Jack Shreve
Office of the Public Counsel
Room 4, Holland Building
Tallahassee, Florida 32304

Dr. David B. Hall
400 Circle Drive
Santa Fe, New Mexico 87501

.Michael A. Bauser, Esquire
Lowenstein, Newman, Reis,

Axelrad and Toll
1025 Connecticut Avenue, N.W.
Washington, D. C.- 20036

Mr. Mark P. Oncavage
12200 S.W. 110th Avenue
Miami, Florida 33176

Mr. Bruce S. Rogow, Esquire
Nova Law School
3301 College Avenue
Ft. Lauderdale, Florida 33314

Normal A. Coll, Esquire
Steel, Hector and Davis
1400 S.E. Fi~st National Bank Building
Miami, Florida 33131

D r. Oscar H. P ari s
Atomic Safety and Licensing Board
U. S. Nuclear Regulatory Comnission
Washington, D. C. 20555

Counsel for NRC Staff
Office,of the Executive Legal Director
U. S. Nuclear Regulatory Coomissi on

. Washington, D. C. 20555
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1 . 0 INTRODUCTION

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 upon impact within the piping system causes undue
stresses in the piping and its support system. The significance-
of these events varies from plant..to plant. Since a total loss of
feedwater coul'd"a'ffect'he ability of the plant to cool down after
a reactor shutdown, the NRC is concerned about these events occurring,
even though an event with potentially serious consequences is unlikely
to happen.

Because of the continuing occurrence of water haamer events, the
NRC, in September 1977, informed all PWR licensees that water
hammer events due to the rapid condensation of steam in the feed-
water lines of steam generators represented a safety concern and
that further actions by licensees for Westinghouse and Combustion
Engineering designed nuclear steam supply systems are warranted
to assure that an acceptably low risk to public safety due to such
events is maintained. Accordingly, these licensees were requested
4o submit proposed hardware and/or procedural modifications, if
any, which would be necessary to assure that the feedwater lines
and feedrings remain filled with water during normal as well as
transient operating conditions. As 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 evaluation of the potential for steam generator water hammer at
the Turkey Point plants shows that the feedwater piping adjacent to

~ the steam generator consists of a favorably short run of horizontal
piping and that during five years of successful operation they have
experienced those conditions that might induce steam generator water
hammer but no water hammer has occurred.

2. 0 EVALUATION

Our consultant, EGKG Idaho Inc., prepared the attached evaluation of
steam generator water hammer at the Turkey Point Plants as part of
our technical assistance program. (Letter from J.A. Dearien, EGEG,
to R.E. Tiller, DOE, dated January 9, 1980.) We have reviewed
this report together with the licensee's submittals listed under
item 4.0.

3. 0 CONCLUSION

Based on our knowledge of water h'armer phenomena, and our review of
'helicensee's responses and the enclosed evaluation report, we

concur with our consultants'onclusion that the potential for steam
generator water hammer is sufficiently low to permit continued
operation of these facilities. However, even though steam generator





water hammer is not likely to occur, the licensee should be vigilant
and monitor for water hammers 'that might impose significant stresses
on. the, piping systems or their supports. We will continue to monitor
reports from this licensee for'ndications of possible water hammer.If such indications appear in the future, this matter will be
reexamined and may result in additional requirements to reduce
the probabili'ty of steam generator water hammer at these facilities.
We have concluded that steam generator water hanmer is not likely to
occur at these facilities and, therefore, we find no undue risk to
the health and safety of the public as a result of the continued
operation of the Turkey Point Unit Nos. 3 and 4.

4.0 REFERENCES

4.1 Robert E. Uhrig (FPL), letter to George Lear, NRC, Subject-
"Water Hammer in PWR Feedwater System" July 3, 1975.

4.2 Robert E. Uhrig (FPL), letter to George Lear, NRC, Subject-
"Water Hammer in PWR Feedwater Systems," January 3, 1978.

4.3 Robert E: Uhrig (FPL), letter to A. Schwencer, NRC, Subject-
"Water Hammer," December 26, 1979.
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I. INTRODUCTION

Ar, evaluation was pe'rformed for the Turkey Point Power Station
(TPPS) Unit Nos. 3 and 4 feedwater system. The purpose of this
evalution was to access the susceptibility-'of the feedwater system to
water homer during operating transients and situations that could
result in conditions conducive to water hamer.

Steam-water slugging resulting in water haraner in the steam

generator feedrings and adjacent feedwater piping was considered in =

this review. This type of water hammer is generally referred .to as

steam generator water hammer.

The information for this evaluation was obtained from:

1) discussions with the licensee, 2) licensee submittals to NRC of
July 3, 1.975 , and January 3, 1978 , 3) the "Turkley Point UnitI 2

Nos. 3 and 4 Final Safety Analysis Report, 4) "An Evaluation of PWR

Steam Generator Water Hanmer", NUREG-0291, and 5) "NRC r equi."enents

for Auxiliary Fe~dwater Systems at the Turkey Point Power Station ".

'A review of steam generator water hanmer events at TPPS is
presented in Section II. The means to r educe the potential for water
hamer at this facility are presented in Section III. Section IV

presents descriptions of the feedwater system geometry and operation
pertaining to the susceptibility of the system to steam generator
water hamer. Conclusions and recommendations are presented in
Section Y concerning the susceptibility of the feedwater system at
this facility to steam generator water hanmer.



II. MATER HAMMER EXPERIENCE

There are three known occurrences of water hamner prior to
feedring piping modifications in 1974 in the feedwater piping at TPPS

Unit Nos. 3 and 4.

The first occurrence was indicated by body-to-bonnet leakage and

slight elongation of some body-to-bonnet bolts on the 3B feedwater
check valve.

The second occurrence was indicated by the same kind of leakage
and bolt elongation on the 48 feedwater check valve.

The third occurrence was indicated by the following deformations
discovered inside containment during an outage of Unit No. 4. They

occurred on the "A" steam generator feedwater piping.

1. Some expansion bolts for two hydraulic pipe restraints had

been ~lied approximately one inch out of a concrete wall.

2. Two spring hanger mounting plates had been deformed.

3. A 90 elbow located in the piping leading to the steam0

generator feedwater nozzle experienced plastic deformation.

Subsequent to the 1974 feedwater piping modifications, no steam

generator water hammers have occurred.
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III. MEANS TO REDUCE THE POTENTIAL FOR WATER HAMMER

In 1974'the effective horizontal length of main feedwater piping
adjacent to any steam generator was modified not to exceed eight feet.

The corrective action was to minimize the length of feedwater

piping which could drain into the steam generator through the

feedring. This was done by shortening the horizontal length of pipe
at the level of the feedring inlet nozzle., As a result of these

modifications, the piping turns downward through a 90 elbow

approximately five feet from the steam generator. These modifications
were performed on the "A" and "8" steam generator feedwater piping for
both units. The feedwater piping for the "C" steam generator was not

modified because the eight foot horizontal length at the nozzle

elevation was evaluated and found to be acceptable. There has been no

evidence of water hamner occurrences in any steam generator feedwater

piping since completion of the modifications.

Auxiliary feedwater flow is manually controlled to the Wa imum

necessary to meet operating requirements. However, specific
administrative means, or other positive means, such as top discharge

feedrings or administrative auxiliary feedwater flow limitations, have

not been incorporated into plant design or procedure.

8ased on past experience, steam generator water hammer would be

most likely during startup, shutdown, and low power situatiops when

feedwater is under manual control and the flow rates are insufficient
to maintain uncoyered feedrings full of water. To avoid admission of
steam and possible slugging. during these operational conditions, the

feedrings must remain covered with water.





IV. OPERATING EXPERIENCE AND MATER HAMMER SUSCEPTIBILITY

The conditions most conducive to steam generator water banner

occur when the steam generator feedrings are uncovered and steam

enters the feedrings and attached hor izontaI feedwater piping.
Steam-water slugging and subsequent water haneer may occur when

incoming feedwater mixes with the steam in the piping and rapid
condensation occurs. These conditions could conceivably occur during
certain operating conditions for facilities with bottom discharge
feedrings because of large drainage rates.

Since the piping modifications in 1974, TPPS Unit Nos. 3 and 4

have experienced numerous reactor trips. A reactor trip almos always

results in feedring uncovery in all steam generator s. The drop or
".shrinkage" in water level and subsequent feedring uncovery is the
result of interrupted reactor power production causing the collapse of
s earn voids within the secondary side of the steam generators. A

similar situation would be experienced during events such as loss of
main feedwater, ',oss of offsite power, steam line break, or
loss-of-coolant accident. Normal startups and shutdowns with
feedwater under manual control could also result in a substantial
number of feedring uncovery events even with the administrative s earn

generator water level controls.

Our review of the operating history shows that drainage of the
feedrings and adjacent piping has been experienced at TPPS Unit Nos. 3

and 4. Although we would expect steam generator water haneer to occur

under certain operating conditions, no steam generator water hamer
has be n experienced at the facility since. 1974. This has

demonstrated that subsequent to the feedwater piping'modifications,
the acility at .the Turkey Point site has an apparently Iow

susceptibility to steam generator water hanmer under all conditions.



V. CONCLUSIONS AND RECOMMENDATIONS

Me have reviewed the operating history of the TPPS Unit
Nos. 3 L 4 pertinent to steam generator water hamner 'and the,.re1ated.
operational and procedural characteristics of the feedwater system.

The review has shown that conditions conducive to steam generator
water hammer have occurred at the TPPS Unit Nos. 3 5 4 but no water
hanmer events have been observed subsequent to the 1974 steam

generator feedwater piping modifications. The conditions have been

encountered during normal operating transients and startup and

shutdown operation. Such conditions would also be expected in the
future during the normal and accident operating situations addressed

in the revie~. 8ased on this review we have concluded that the

potential for steam generator water hammer is sufficiently low to
permit continued operation of this facility.
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