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1. INTRODUCTION

1.1 PURPOSE

This report presents the results of a seismic reanalysis of

Oyster Creek main steam and feedwater piping supports inside

containment. The reanalysis of the piping supports was

performed in response to Section 4.11(1) of NUREG-0822

(Integrated Plant Safety Assessment - Systematic Evaluation

Program - Oyster Creek Nuclear Generating Station) which

requested in part that licensee (GPU Nuclear /JCP&L) verify

the design adequacy of piping supports for the two large

diameter piping systems analyzed by the NRC (i.e., the main

steam and feedwater lines) .

In this report, the seismic reanalysis of main steam and

feedwater piping supports inside containment was performed

in accordance with the requirements of the 1980 Edition

(including Winter 1982 Addenda) of the ASME Code, Section

III, Division 1, Subsection NF for Component Supports.

Showing that the piping supports meet the applicable

requirements of the 1980 Edition (including Winter 1982

Adden da ) of the ASME Code is considered confirmation of the
adequacy of the original piping support design .

1.2 SCOPE

The main steam and feedwater lines were initially analyzed
by the NRC through their contractor EG&G Idaho, Inc. The

results of these analyses are presented in EG&G Report EGG-
EA-5211, " Summary of the Oyster Creek Unit 1 Piping

1-1
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Calculations Performed for the Systematic Evaluation1

Program" (Reference a). The South piping loops of the main

steam and feedwater systems were chosen by EG&G for analy-
sis. This report presents the results of analyses of the
piping supports on the South piping loops. Loads for these
analyses were generated using the EG&G firite element piping
models of the main steam and feedwater 1.nes. The EG&G
models were modified slightly to explicitly model the
drywell penetration support and the snubber supports. The
load paths of the piping supports were analyzed to the point
where the loads are transmitted to main structural members
of the containment or the biological shield. The analyses

are applicable to the piping supports on the North loops of
each piping system, which are mirror images of the South
loops.

1-2
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2. SUMMARY

The main steam and feedwater piping dynamic supports inside
containment were evaluated f or the safe shutdown earthquake

(SSE) seismic loads. Allowable stresses were based on
Level D Service Limits in accordance with Subsection NF of
Section III of the ASME Code.

Dynamic loads on the main steam and feedwater piping seismic
supports are tabalated in Tables 2-1 and 2-2, respec tively ,

along with the Level D allowable load for the snubbers. As

shown in Tables 2-1 and 2-2, all dynamic loads are below the

Level D allowable load for the snubbers. Results of detail

evaluations of the structural components of the main steam

and f eedwater piping supports are summarized in Tables 2-3
and 2-4, respectively. As shown in Tables 2-3 and 2-4, all

main steam and feedwater piping supports are judged to be
acceptable for seismic loading conditions, (i.e., calculated

stresses are below ASME Code allowables for Level D Service
Limits) .

2-1
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TABLE 2-1

SUMMARY OF SNUBBER LOADS
MAIN STEAM PIPING SUPPORTS

FINITE ALLOWABLE
SUPPORT ELEMENT MODEL SNUBBER LEVEL D

MARK NO.- NODE NO. LOAD SNUBBER LOAD
(kips) (kips)

(Note 1) (Note 2)

620 3.44 24.2

~X-2A-SS-1 (Note 3)

625 1.20 22.9

-(Note 4)

MS-R1A 50 5.17 24.1*
,.

MS-R2A 195 12.33 21.7~

MS-R3A 70' 7.71 24.1#

MS-R4A 285 9.95 23.6

MS-RSA 510 8.33 24.1

t

. NOTES:

1. Loads taken from Appendix E.
i

2. ' Allowable Level D snubber load is the minimum of the buckling
load of the extension pipe or turnbuckle. See Appendix E.

3.' Vertical Snubber.

4. Inclined Snubber.

- . - . - _ . _ . _ . _ _ . _ . _ , _ _ _ . . . _ - . . _ . . _ . _ . , . _ _ . _ . _ . . _ . . _ - . - - - . - , _ _ _ . _ -.
-
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TABLE 2-2

SUMMARY OF SNUBBER LOADS
FEEDWATER PIPING SUPPORTS

FINITE ALLOWABLE
SUPPORT ELEMENT MODEL SNUBBER LEVEL D

MARK NO. NODE NO. LOAD SNUBBER LOAD.

(kips) (kips)
(Note 1) (Note 2)

345 1.34 14.0
X-4B-SS-1 (Note 3)

350 2.34 23.6
(Note 4)

RF-R1A 160 1.30 24.2

RF-R2A 180 1.60 24.1

RF-R3A 180 2.20 24.5

RF-R4A 140 4.19 24.3

RF-R5A 115 4.72 23.3

RF-R6A 115 2.84 24.5

NOTES:

1. Loads taken from Appendix E.

2. Allowable Level D snubber load is the minimum of the buckling
load of the extension pipe or turnbuckle. See Appendix E.

3. Inclined Snubber.

4. Vertical Snubber.

_ _ _ _ _ _ - - - _ _ _ _ _ _ _
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I TABLE 2-3

SUMMARY OF EVALUATIONS

MAIN STEAM PIPING SUPPORTS

ASME CODE
SUPPORT BERGEN-PATERSON SUBSECTION NF

,

MARK NO. DRAWING NO. RESULTS
l

X-2A-SS-1 111 Accepta bleI
MS-RlA 716A Acceptable

.

MS-R2A 717A Acceptable

I
MS-R3A 718A Acceptable

MS-R4A 719A Acceptable

MS-RSA 720A Acceptable

I

I

I

I
'

l

l

i

i
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TABLE 2-4

SUMMARY JF EVALUATIONS

FEEDWATER PIPING SUPPORTS
.

ASME CODE
SUPPORT BERGEN-PATERSON SUBSECTION NF

MARK NO. DRAWING NO. RESULTS

X-4B-SS-1 116 Acceptable

RF-RlA 1849 Acceptable

RF-R2A 1850 Acceptable

RF-R3A 1851 Acceptable

RF-R4A 1852 Acceptable

RF-R5A 1853 Acceptable

RF-R6A 1854 Acceptable

|
-

1
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3. DETAIL EVALUATIONS

3.1 DESCRIPTION

The piping supports analyzed in this report are shown in
Figures 3-1 and 3-2 for the main steam and feedwater pipes,
respectively. The main steam piping supports consist of six

support locations utilizing seven snubbers. The feedwater

piping supports consist of seven support locations utilizing
eight snubbers. Analyses were performed for the piping

supports on the South loop of each piping system. The

analyses are applicable to the piping supports on the North

loop of each piping system, which are a mirror image of the
South loop.

3.2 REFERENCE DRAWINGS

The main steam and feedwater piping supports are shown on

the following drawings.

Company Drawing No. Rev. Description

General Physics 19442 Sh. 2 2 Main Steam Piping
19443 Sh. 2 2 Feedwatcr Piping

Bergen-Paterson 716A 2 Support MS-RlA
717A 1 Support MS-R2A
718A 3 Support MS-R3A
719A 3 Support MS-R4A
720A 2 Support MS-RSA
111 1 Support X-2A-SS-1

1849 2 Support RF-RlA
1850 2 Support RF-R2A
1851 1 Support RF-R3A
1852 2 Support RF-R4A
1853 4 Support RF-R5A
1854 1 Support RF-R6A
116 1 Support X-4B-SS-1

3-1

--
. . - - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - - _
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1

1

Company Drawing No. Rev. Description

Bergen-Paterson 64101 5 EA1 - Attachment
64108 6 EA2 - Attachment
E602 0 Supplementary

Hanger Supporting
Steel

Burns & Roe 4069 4 Reactor Building
Radial Beam Framing

3.3 APPLICABLE CODE

The main steam and feedwater piping supports were evaluated

in accordance with the 1980 Edition (including Winter 1982

Addenda) of the ASME Code, Section III, Division 1, Sub-

section NF for Component Supports.

3.4 MATERIALS

All structural steel was assumed to have the material

properties of SA-36 carbon steel:

Yield strength - 36 ksi (min.)

Ultimate strength - 58 ksi (min.)

3.5 LOADS

The loads used in the analyses of the main steam and feed-

water piping supports were generated using the finite element

models in EG&G Report EGG-EA-5211, " Summary of the Oyster

Creek Unit 1 Piping Calculations Performed for the Systematic

Evaluation Program," dated July 1980 (Reference a). A review

of the original EG&G analysis indicated the following:

* The drywell penetrations were not modeled as
support locations, and

* Main steam support X-2A-SS-1 and feedwater support
X-4B-SS-1 were not modeled explicitly.

3-2
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The finite element models were reconstructed and modified to
account for the support at the drywell penetrations and

f explicitly model the main steam and feedwater supports. The
drywell penetrations were modeled as vertical and horizontal

(transverse) supports. No horizontal (axial) support for the

pipe is provided by the drywell penetration design. Main
steam support X-2A-SS-1 and feedwater support X-4B-SS-1 are

truss supports. These supports were modeled explicitly by

using additional piping elements to represent the tru's

arrangement.- New loads were then generated. Results of

these analyses are contained in Appendix A. The loads

consist of safe shutdown earthquake (SSE) seismic loads for

both the main steam and feedwater systems with additional

relief and safety valve discharge (RV and SV) loads for the

main steam system. No deadweight or thermal loads are

considered in the seismic analysis of the piping supports.

The piping analyses documented in Reference a were performed
using seismic response spectra generated by Lawrence Livermore

Laboratories in revised Appendix B o? NUREG/CR-1981, " Seismic

Review of the Oyster Creek Nuclear Poder Plant as Part of the

Systematic Evaluation Program," dated April, 1981 (Refer-

ence b). A damping value of 3% was used. Piping models were

developed for the main steam and feedwater South loop piping

inside containment. The North loop piping inside containment

are mirror images of the South loop piping and therefore were

not analyzed. The same analysis methods were used in the

generacion of the new loads mentioned above.

The piping support loads calculated using the finite element

models of Reference a were then multiplied by 0.165/0.220 =

0.75 to adjust for'the site specific zero period acceleration

(ZPA) of 0.165 g's for the Oyster Creek site versus the ZPA

3-3
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at the ground of 0.22 g's used in References a and b.

Calculations of the revised piping support loads are also

given in Appendix A.

3.6 ACCEPTANCE CRITERIA

The stresses in the piping supports due to SSE seismic load-

ing conditions were evaluated to the requirements of Level D

Service Limits of the ASME Code, Section III, Division 1,

Subsection NF. The allowable Level D stress limits are
calculated in Appendix B and summarized below.

3.6.1 Tension (Net Area)
f < P
t t

where Ft = 40.6 ksi

3.6.2 Tension (Net Area at Pin Holes)
f < P
t t

where Ft= 32.4 ksi

3.6.3 Shear

f < Fy y

where F = 24.4 ksiy

3.6.4 Shear (Coped Beam)

f < Fy y

where F = 21.6 ksiy

3.6.5 Bending

fb< Fb
where Fb = 40.6 ksi

3-4
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3.6.6 Compression

Limited to 2/3 Critical Buckling

f, 4 F,
where:

/3 (1 - (Ef) /2 C2} 8For Kl/ r < C , F =
c a c y

2For Kl/r > C , F = 2/ 3 ( w E/ ( Kl/ r ) 2 )c a

,

3.6.7 Axial Compression and Bending

E ta g
+ < 1.07 p

a b

Note: Due to the geometry of the supports, equation

(20) of Article NF-3322.1(e) is not used, and

equations (21) and (22) reduce to the above

interaction equation for Level D Service Limits.

3.6.8 Axial Tension and Bending

f
t b+ <7 p 1.0
t b

Note: Because the reaction loads can act in both

directions, the compressive interaction equa-

tion will always be controlling in this

analysis.

3.6.9 Weld Shear

f < Fy y

where F = 24.4 ksiy

3-5
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3.6.10 Nomenclature'

Cc =. slenderness ratio of compression elements

/
2*2 E/S=

Y
E = modulus of elasticity

3= 29.2 x 10 ksi @ 135'F.
Fa = allowable stress in axial compression, ksi.
Fb = allowable stress in bending, ksi.
Ft= allowable stress in tension, ksi.
F = allowable stress in shear, ksi.y

K = effective length factor.

f = yield strength, ksi.y
fa = calculated axial compression stress, ksi.

fb = calculated bending stress, ksi.

ft = calculated tensile stress, ksi.

f = calculated shear stress, ksi.y

1 = actual unbraced length of member, in.

r = governing radius of gyration, in.

3.7 SPECIFIC EVALUATIONS

The detail calculations for the main steam and feedwater

piping supports are given in Appendices C, D, and E of this

report. A summary of the calculations is given in Tables

2-1 through 2-4 and discussed below.

.

3.7.1 Main Steam Piping Supports

Based on the calculations given in Appendices C and E, all

structural components of the main steam system piping seismic

supports are considered acceptable.

3-6
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3.7.2 Feedwater Seismic Supports

i

Based on the calculations given in Appendices D and E, all

structural components of the feedwater system piping seismic

supports are considered acceptable,

d

*

3-7
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