OYSTER CREEK NUCLEAR GENERATING STATION

JCP&L 4GPU -

6936000 PO BOX 388 e FORKED RIVER » NEW JERSEY & 08731

September 2, 1981

Mr. Dennis M. Crutchfield, Chief
Operating Reactors Branch No. 5 e
Division of Licensing

U.S. Nuclear Regulatory Commission (—'
Washington,D.C. 20555

Dear Mr. Crutchfield:

Subject: Oyster Creek Nuclear Generating Station
Docket No. 50-219
Systematic Evaluation Program (SEP)
Topic [11-6, Seismic Considerations, and
I11-11, Component Integrity

The following enclosures are in response to your letter of March 20, 1981,
which requested information on the seismic design of the Oyster Creek plant:

1. Evaluation of CRD Return Line and Main Steam Piping
Seismic Analyses

r. Oyster Creek Nuclear Generating Station Recirculation
Pump Seismic Restraint Capability

3. Evaluation of Containment Spray Heat Exchanger Bolts

If you have any further questions concerning this matter, please contact
Mr. J. Knubel of my staff at (201) 299-2264.

Very truly yours,

1
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/w’}( T. Carroll, Jr. /r
//Acting Director - Oyefer Creek
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OYSTER CREEK NUCLEAR GENERATING STATION
RECIRCULATION PUMP SEISMIC RESTRAINT CAPABILITY

Introduction and Summa.y

This report presents tne results of a dynamic analysis which was
performed to determine the loadings on the Oyster Cree* recirculation
pmp seismic restraints during a Safe Shutdown Earthquake (SSE).

In summary, the analysis was performed >y the response spectra
method using PIPESD, Revision 6.1, Decensber 31, 1980. An entire
recirculatic.: loop was model: 1, includi-g the prop suction line
from its connection to the rvactor vessel. the pump discharge line
to its connection with the - actor vessel, and the pump itself with
seismic restraints.

The Safe Shutdown Earthquake was represented by three response spectra;
cne for the horizontal motions at the recirculation line connections to
the reactor ve.sel, a saparate spectrum for horizontal motions at the
pump restraints, and ¢ ¢hird spectrum for vertica. motions. A specific
description of each spectrum is described in a subsequent section of
this report.

The analysis was performed for the S3K acting in two horizontal (X,Z)
directions and the vertical (Y) direction simultaneousily. The contributions
from each direction were combined using the square root of the sum of the
squares (SRSS) of individual contributions.

The remaining sections of this report include:

. 8 Conclusions, which summarizes the results of the
analysis and the conclusions.

. k 18 Discussion, which ircludes a summary description
of:
-= A recirculation ivop zad the prmp restraints.

-~ The seismic response spectra.
-~ The analysis method.
-~ The analysis results.

. 4. References, which identifies the reference documents
used in the analysis.

. b 1 Figures, including Figure 1 which shows the recirculation
loop analysis model, and Figure 2, which gives the PIFESD

output.



Conclusions

The analysis indicates that the maximum loading expeiienced by any
single pump restraint due to an SSE is 13,270 pounds. Each of the

pump restraints has a nominal ratirg of 11,000 pounds, and a load
canacity at yie’ . strength of twice this value. As a result, an
acceptable load - for SSE conditions ic considered to be at least
twice the nominal . ting, or 22,000 pounds. Accordingly. the maximum
;estraint loading of 13,270 pounds is well below the acceptable loading
or SSE.

Discussion

a. Fecirculation Loop and Pump Restraint Description

Major features of each of the five recirculation loops are give:
in Reference (1), and are summarized a. follows:

The recirculation suction and discharge piping is 24.03 inches
inside diameter, 0.982 inch thick, a.<' fabricated of Type 316
stainless steel.

The pining runs are primarily vertical, except for short
horizontal runs and associated elbows (1) at the reactor
vessel suction line nozzle (el. 53.25 feet), (2) below the
pump (el. 12.25 feet), (3) at the pump discharge (el. 15.5
feet), and (4) at the reactor vessel discharge line nozzle
(el. 46.75 feet).

The maximum total weighct of pump anl motor is 47,000 pounds,
when the reactor coolant system is cold, and filled with
water. The weight of the motor itself is 13,000 pounds.

A valve weighing 10,000 pounds is located ia the suction
piping. A valve weighing 7,800 pounds is located in the

discharge piping.

Constant ioad hangers provide upward forces of (1) 46,300
pounds at the pump, (2) 28,300 pounds at the suction line, «nd
'3) 19,800 pounds at the discharge line. These hangers were
ignored for the seismic evaluation.

Major features of the sui mic restiaints for each recircuiation pump are
given in Reference (2), and are summarized as follows:

Two horizontal cnubbers are provided for the pump casing. T.ey are
attac-ed to the reactor vessel concrete support wall at el ution

14 feet, 11 inches.






peak acceleration of the applicable response spectrum. It is
noted from the reactor building floor response spectra in
Reference (4) that at all periods below 0.13 seconds, the
acceleration is less than the value at J.13 seconds. Further,
all vibr-tior rodes of the reac:tor vesrel will be at periods
lower than the fundamental period of 0.13 seconds. Accordingly,
the peak of the reactor vessel response spectrum is the
acceleration at a period of 0.13 seconds.

In summary, the horizontal response spectrum at the reactor
vessel is the response spectrum for a single sinusoidal
forcing functio: with C.13 second period and peak acceleration
of 1,5 x 0.47, or 0.71g. A damping of 3 percent was used in
accordance with Regulatory Cu de 1.61 for large piping systeme.

-~
L]
'

Horizontal Cpectrum at Pump Supports

The horizontal response spuctrum at the recirculation pump supports
is obtained from Reference (4). iu particnlar, the response
spectra for the reactor building at elevation 23 feet, 6 inches

are employed. This elevation is approximately midway berveen the
elevation of the rump casing supports (14 feet, 11 inches) and the
pump motor supports (29 feet, 11 inches).

Again, since the response spectra in Reference (4) were based on a
ZPA of 0.22g, rather tha~ on a ZPA of 0.165g, the response spectra
of »ference (4) were multiplied by a factor of 0.75. The spectrum
for 3 percert damping was used, in accordance with Regulatory Guide
1.61 for lacge piping systems.

(3) Vertical Spectrum

The reactor building vertical response spectrum in Reference (4)
for elevations -19 feet, 6 inches to 119 feet, 3 inches and

3 perzent damping was emp.dyed. This spectrum was multiplied
by 0.75. This vertical spectrum is employed at the reactor
vessel nozzles, and at the pump vertical restraint.

Analysis Method

The analysis was performed using FIPESD, Revision 6.1, December 31, 1980.
This version of PIPESD includes a "Multiple Support Excitation' option
(MSE), which permits use of different response spectra for different
support locations. This option of PIPESD /as used with the specific
spectra identified in Secti-n 3.b above. The physical wcdel emploved
for the analysis is shown in enclosed Figure 1, "Oyster Creck
Recirculation Loop, Sheets 1 and 2".
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Other major features of the analysis are as follows:

All modes with frequencies under 100 cycles
per second were consid-red.

Model responses were coembined using the "closely-
spaced frequency'" method in WKegulatory Guide 1.92.

The earthquake was assumed to occur in two horizontal
(X, Z) directions and the vertical (Y) direction
simultanecusly. The X, Y, Z responses were combined
using SRSS.

The responses due to employing different excitation
at various supports were co.bined using SRSS.

Each of the hovizontal pump restraints was assumed to
prevent translation in the horizontal directions

(X, 7., but to provide no rotational restraint or
trans!ation restraint in a vertical (Y) direction.

The vertical pump restraint was assumed to prevernt
translation in a vertical direction, but to provide no
rotat.onal restraint or translation restraint in the
horizontal (X, ) directions.

The PIPESD output for each horizontal restraint is a
rvaction load in the X and Z directions. Tre total
restraint load is the SRSS of the X and Z loads.

The PIPESD output for the vertical restraint is a
reaction load in the vertical direction. Since this
restraint is inclined 20 degrees from vertical, the
reaction load is the Y load divided by the cosine of
20 degrees.

Analysis Results

The reaction loads at each pump restraint are given in the
PIPESD output which is enclosed as Figure 2. The total
reaction load for each of the pump restraints is as follows:

(1) Pump casing horizontal restraints
First restraint load: 12,360 pounds
Second restraint load: 13,270 pounds

(2) Pump motor horizontal restraints
First restraint load: 2,730 pounds
Second restraint load: 3,520 pounds

(3) Pump vertical resi.raint
Restraint load: 4,850 pounds



4. References

(1) General Eiectric Company drawing 107C 5076, Revision 1,
"Stress Analysis Recirculation Piping"

(2) General Electric Company drawing 237E 907, Revision 3,
"Suspension System for Recirculating Loops"

{3) John A. Blume Associates, '"Jersey Central Reactor Project -
Earthquake Analysis: Reactor Pressure Vessel,'" March 16,
1966.

(4) NUREG/CR-1981, UCRL-53018, "Seismic Review of the Oyster
Creek Nuclear Power Plant as Part of the Systematic

Evaluation Program," R, C. Murray, T. A. Nelsen, S. M,
Ma, J. D. Stephenson

5. Figures

Figure 1 -- Oyster Creek Recirculation Loop, Sheets 1 and 2

vigure 2 -- PIPESD Output
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PIPESD VERSILw »,l] 0v.12.01, 06716781 Faue 35,

RECIRC Fu=«P AHALYSIS
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EVALUATION OF CONTAINMENT SPRAY
HEAT EXCHANGER ANCHOR BOLTS

Purpose:

To evaluate the adequacy of the Oyster Creek containment spray heat exchanger
anchor bolts for seismic loads due to the Safe Shutdown Earthquake (SSE).

Backgrnund:

Paragraph 6.3.1.3 cf the Senior Seismic Review Team (SSRT) report on Oyster
Creek (NUREG/CR-1981) indicates that:

(1) The calculated horizontal and vertical seismic accelerations from
Figures B-le and B-2b are 0.36g and 0.25g, respectively.

(2) The design analyses performed by the heat exch nger manufacturer
(Reference 73 of NURJIG/CR-1981) used seismic inputs of 0.24g
herizontal and 0.145g horizontal.

(3) The incrcased seismic loads result in a maximum bolt shear stress
of 32.6 ksi for the worst N-S and E-W loading, as compared to an
allowable for the 1" A325 bolts of 30.4 ksi.

Evaluation:

The basis for the acceleration values of 0.38g horizontal and 0.25g vertical
determined in the aforementioned NUREG are not clear. The report correctly
assumes that the cor inment spray heat exchangers are located at the 23'-6"
elevation in the reaccur building and that their response will be essentially
as rigid bodies to the floor motion. However, the report figures noted
(Figures B-le and B-Zb) are not applicable to the 23'-6" elevation of the
reactor building. (See attached figures from NUREG/CR-1981). The correct
figures for horizontal and vertical accelerations appear to be Figures B-2a
for horizontal accelerations and B-2d for vertical accelerations. These
figures show rigid body accelerations of 0.30g horizontal and 0.25g vertical.

The heat exchanger manufacturer's design calculations have been revised for
these accelerations. The revised loads are shown in the attached Figure 3
from his original report (Reference 73 of NUREG/CR-1981). The maximum
horizontal shear loads for the worst loading case arc as follows:

Radial Load, P = 7.66 kips

Circumferential Load, Ve = 14.47 kips

Boit Area = 0,551 in2
- 2 2
Bolt Shear Stress ﬁ/;166 + 14.47 = 29.71 ksi

0.551



Tis value is less than the allowable givenin NUREG/CR-1981 of 30.4 ksi.

The maximum tensile stress in the bolts is increased from 36.3 ksi in the
original design calculations to 36.3 x 23.51, 42.6 ksi, which is still well below
the original allowable of 70 ksi. 20.01

From the above analyses, it can be concluded that the heat exchanger bolting is
acceptable for the seismic loadings calculated by Lawrence Livermore Laboratory
(LLL) and presented in NUREG/CR-1981. However, it is significant to note that
the ground motion spectra used by LLL in their evaluation was a 0.22g Reg. Guide
1.60 spectra. This 0,22g Reg. Guide spectra significantly exceeds the Site
Specific Spectra developed by both JCP§L (URS/Blume) and the U.S. NRC. The Reg.
waide 1.60 spectra which envelopes the NRC Site Specific Spectra at all periods
is one which is anchored at 0.165g. On this basis, the floor response spectra
developed by LLL and included in NUREG/CR-1981 can be reduced by the ratio 0.165g
or 0.75. This reduction will further reduce the containment spray heat 0.22g
exchanger bolt stresses below applicable allowables. In addition, if the hori-
zontal acceleration of 0.38g noted in paragraph 6.3.1.3 of NUREG/CR-1981 is
correct, the scale factor reduction of 0.75 would reduce the actual predicted
acceleration to 0,75 x 0.3, g, or 0.285g, which is less than the value of 0.30g
ised in the above evaluation. Therefore, the containment spray heat exchanger
bolts are acceptable for the corrected acceleration values given in paragraph
6.3.1.3 of the NUREG, as well as those accelerations shown on the attached floor
response spectra.
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FIG. B-1, Spectral curves (horizontal and vertical components) with selected
percentages of damping used in reanalysis of equipment in the turbine building.
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