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Dear Mr. Bauer: RBosnak
SHun

Qualification or Safety Related Lquipment for Hydrolynamic Loads
(Limerick Units 1 and 2)

Subject:

The General Electric Company is currently in the procest of qualifying
safety related equipment for NTOL B4R plants. Recent discussions and
meetings on BWR plants indicate that the effects of a large number of

cycles of dynamic loading due to suppression pool hydrodynamic loading

are not being adequately accounted. When jualificatfon is performed by
analysis, it is necessary to demonstrate that, for aging consideration,

the accumulated fatique "damage factor” is less than one. For qualification
performed by testing, ft is nece- ¢ ensure that the input motfon used
to test the equipment simulates sected loading environment including
the number of cycles of loading.

The concerns of the NRC staff in regard to equipment qualification for
#ydrodynamic Toads are expressed in greater depth i Enclosure 1 to this
letter. It is requested that you advise the project manager, within seven
days after receipt of this letter, when we may exrecteto recefve your
response to Enclosure 1. Your cooperation in this regard will be most

apprecfated,
Sincerely,
A, Schwencer, Chief
Licensing Branch No. 2
Division of Licensing
Enclosure:
As stated
cc: See next nage
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Mr. Edward G. Bauer, J~.

Vice President & Genera) Lounsel
Philadelphia Electric Compcny
2301 Market Street '
Philadelphfa, Pennsylivania 19101

cc: Troy 6. Conner, Jr., Esquire
Conner and Wetterhahn
1747 Pennsylvania Avenue, N. W.
dashipgton, D. C. 20006

Mr. Robert W. Adler

Assis*ant Counsel

Commonwealth of Penncylvahia, DER
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P. 0. Box 2357

Harrisburg, Pennsylvania 17120

Honorabl1é Lawrence Coughlin
House of Representatives
Congress of the United States
Washington, D. C. 20515

Roger B. Reynolds, Jr., Esquire
324 Swede Street
Norristown, Pennsylvania 19407

Lawrence Sager, Esquire
Sager & Sager Associates
45 High Street :
Pottstown, Pennsylvania 19464

Joseph A, Smyth

Assistant County Solicitor
County of Montgomery -
Courthouse

Norristown, Pennsylvania 15404

Eugene J. Bradley

Philadelphia Electric Company
Associate General Counsel

2301 Market Street
Philadelphia, Pennsylvania 19101

Mr. Vincent Boyer

Senfor Vice President

Nuclear Operations

Philadelphia Electric Company
2301 Market Street
Philadelphia, Pennsylvania 19101

Mr. Marvin 1. Lewis
6504 Bradford Terrace
Philadelphia, PA 19149

Frank R. Romano, Chairman
Air & Water Pollition Patro)
61 Forest Avenue

Ambler, PA 19002

Charles W. Elliott, Esquire
Thomas & Hair

123 North Fifth Street
Allentovt, PA 18102

Judith A. Dorsey, Esquire
Limerick Ecology Actfon

131% Walnut Street, Suite 1632
Philadeiphia, PA 19107

Mr. Karl Abraham

Public Affai-s Officer

Region 1

U.S. Nuclear Regulatory Commission
631 Park Avenue

Kiny of Prussia, PA 19806

Mr. Jacque Durr

Resident Inspector

U.S. Nuclear Regulatory Commission
P. 0. Sox 47

Sanztoga, PA 19464

James M. Neill, Esquire
Associate Counsel for Del-Aware
Box 511

Dublin, PA 18917

Joseph 4. White 111
11 South Merion Avenue
Byrn Mawr, PA 16801
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Thomas Gerusky, Uirector

Bureau of Radiation Protection
Dept. of Environment2] Resources
S5th Floor, Fulton Bark Bldg.
Third & Locust Streets
Harrisburg, PA 17120

Director, Pennsylvania Emergency
Management Agenty

Basement, Transportation &

.. Safety Building

Harrisburg, PA 17120

John Shniper
Meeting House Law BYHg. & Gallery
Mennonite Church Road

Schuykill Road (Rt. 724)
Spring City, PA 19475

Robért L. Anthony

Friends of the Earth of the
Delaware Valley

103 Vernon Lane, Box 18,

Moylan, PA 19065

W. Wilson Goode
Managing Director

City of Philadelphfa
Philadelphia, PA 19107

William A. Lochstet
119 E, Aaron Drive
State College, PA 16801

Walter W. Cohen

Consumer Advocate

0ffice of Attorney General
1425 Strawberry Square
Harrisburg, PA 17120

Steven P, Hershey, Esquire
Consumers' Education & Protective

‘ Association

Sylvania House

Juniper & Locust Streets

Philadelphia, PA 19107

Alan J. Nogee

The Keystone Allfance
3700 Chestnut Street
Philadelphia, PA 19104

Sugarman & Denworth
Suite 510

North American Building
121 South Broad Street
?hilade1phia. PA 19107

Donald S. Bronstein, Esq.
The Natfonal Lawyers Guild
Third Floor ..

1425 Walnut Street
Philadelphia, PA 19102

Lawrence Brenner, Esq., Chairman*
Administrative Judge

U.S. Nuclear Regulatory Commission .

Washington, D.C. 20555

Dr. Richard F. Cole*
Administrative Judge

U.S. Nuclear Regul:tory Commission

Washington, D.C. 20555

Dr. Peter A. Morris*
Administrative Judge

U.S. Nuclear Regulatory Commission

Washington, D.C. 20555
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Consideration of Suppression Poc!
Hydrodynamic Loading In Boiling Water Reactors
For Qualification of Safety Related Equipment

Background

Hydrodynamic loads associated with the suppression pool is global in nature,
in that it excites the whole reactor building. Such excitation, in turn,
subjects the equipment supported within the reactor building to a vibratory
motion which is transmitted through tne building floors and walis.

Many simplifying assumptions are made in the process of arriving at the
hydrodynamic load, for equipment qualification, from the analysis of the
reactor building. The reactor building is generally represented by axi-
symmetric geometry and the asymmetric nature of the loading is accounted

for by Fourier decomposition. It was evident from tests at the Kuosheng
reactor that correlation batween the test and the prediction was reasonably
good for vertical motion, but not so for horizontal motion. The implication
is that there is some uncertainty associated with the structural response
calculation under the effects of the hydrodynamic load. - - = ...
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The effect of the hydrodynamic load in equipment qualification is considered

in terms of a response spectrum plot much the same way that earthquake load-
ing is charactarized. However, there are important differences between the
earthquake motion and the hydrodynamic load. In case of earthouakes the
effective number of cycles of motion may be several tens, whereas the hydro-
dynamic load cycles are at least two orders of magnitude higher. The objective
here is to ensure that equipment qualification for hydrodynamic loads addresses
these con.erns adequately.

Uncertainty in Hydrodynamic Loads

The use of axisymmetric model, variations in the properties of the structure
and its foundation, inability of analytical medels to accurately predict higher
natural frequencies of the structure may cause uncertainty in the frequency and
amplitude of the response spectrum characterizing the hydrcdynamic loading.

The method of accounting for the uncertainty in hydrodynamic load amplitude and
frequency should be clearly defined and appropriately accounted for.

Input Load For Equipment

The input load for equipment which is either supported by a structure or a
mechanical system is the response of the structure or the mechanical system.
Equipment loads from the s2ismic and hydrodynamic effect of the suppression
pool are thus resporses of the support points and are combined before their
use in qualification of equipment. NUREG-0484, Revision 1, "Methodology

For Combining Dynamic Responses,” studied this issue, and provides generic
guidance for combining responses from any two dynamic loads. Provisions

of NUREG-0484, Revision 1 are based on the premise that the individual
responses are obtained from time history analyses. Results of such time
history analyses may then be used to establish individual response spectra



for input to equipment. These individual response spectra should be modified
to account for the uncertainty in the frequency and amplitude of the hydro-
dynamic 1oad spectra and for the uncertainty in the seismic response spectra.
The modified response spectra can then be combined using the criteria approved
in NUREG-0484, Revision 1.

Hydrodynamic loads induced by various accident and transient conditions vary
in their amplitude and frequency content. Various hydrodynamic loads then
combine with either the SSE or the OBE. These combined hydrodynamic and
seismic input for equipment qualification must be clearly defined and the
Justification for each combination used should be indicated. If the equip-
ment is to be qualified for only a few enveloped spectra to reduce the number
of tests to be performed, the bases for establishing the enveloped spectra
should be discussed.

Many equipment, electric and mechanical, behave nonlinearly and testing should
pe the preferred method of qualification for such equipment. Where equipment
sceptible to nonlinear behavior is to be qualified by methods other than
fu]l scale testing, a detailed discussion of the acceptab111ty of the proposed

approach should be provided. - =

Effect of Number of Cycles

When input for equipment qualification is defined in terms of response spectra

for the combined earthquake and hydrodynamic loading, it is necessary to con-
sider the large number of cycles expected from the hydrodynamic load. If

1

qualification is done by analysis, all stress cycles on critical sections from

lant normal, abnormal, and accident conditions 1rc1Jding the effect of therma’
cles and hydrodynamic and earthquake load cycles should be considered. If
aa~f1ca.1on is performed by testing, shake table using random motion is

patible with the required response spectra per IEEE Std. 344-1975 is prefer ed.
Prior to the operating basis and safe shutdown earthquake tesing, shake tests
simulating the hydrodynamic load cycles shculd be performed as a part of the
equipment aging process. The approach to be used should be described using
typical examples.
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Remarks

Sections of the FSAR dealing with qualification of safety related mechanical
and electrical equipment for seismic and dynamic loads should be revised to
address the subject concerns. Thus the revised FSAR should include the
following:

a description of the method used to account for the uncertainty
in the frequency and amplitude in the hydrodynamic load spectra,

a discussion of what loads are being combined and the basis for combining
the input spectra,

a confirmation that individual spectra were developed n .7r‘ory
analysis including a clear definition of each dynamic

a description of the approach used

an approach is used to 1imit the
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(e)

(f)

by “ests or the number of analyses for equipment qualified by analysis,
a description of the method used to account for hydrodynamic load cycles
using typical examples, -

a detailed justification of approach need to qualify equipment with

potential for nonlinear behavior where full scale testing if not
used.
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