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~I. INTRODUCTION

.A.-- Purpose ~

This report presents-the results of a seismic reanalysis

of the Oyster Creek liquid poison system piping outside

-containment. The seismic reanalysis of the liquid

poison. system piping was performed in response to

~Section'4.ll(l)'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) perform seismic

reanalysis'of two randomly selected small diameter

piping systems.to demonstrate the adequacy of the-

original piping and piping support design. The other

_ piping system selected for seismic reanalysis is the

coreJspray system piping. Results of the seismic

reanalysis of'the core spray piping are presented in~

MPR Report MPR-777.

The Gyster Creek Facility Description and Safety

Analysis Report -(FDSAR) applied ' earthquake design

requirements- to two classes of systems and struc-
tures:- Class I for the more critical equipment

required' for safe shutdown and Class II for other

equipment essential to operation, but not required for

I.1



- . -- - .

,

4

i

shutdown._ The liquid' poison system was classified as
7. -

-Class I - Critical Equipment (Page V-3-6 of the FDSAR)

~under this method.

This classification.is-not equivalent to one resulting

from the more recent classification methods contained
~

in ANSI /ANS-52.1-1978, Nuclear Safety Criteria for the

Design of Stationary Boiling Water Reactor Plants, and

the 1980 Edition (including Summer 1981 Addenda) of the

ASME Code. In accordance.with ANSI /ANS-52.1-1978, the

liquid poison system piping is ASME Class 1 piping from
'the reactor vessel to the second isolation check valve,

which~is the first check valve outside containment.
The remaining piping is ASME Class 2 piping. . In

accordance with the 1980 Edition (including Summer 1981

: Addenda) of the ASME Code, Section III, Subarticle

NB-3630, Class 1 piping (Subsection NB) may be analyzed

to Class 2 requirements (Subsection NC) provided

certain fatigue criteria are met. The liquid poison

. piping meets these fatigue criteria.

Therefore, the seismic reanalysis of the liquid poison

system piping outside containment was performed in

accordance with the requirements of the 1980 Edition

(including Summer 1981 Addenda) of the ASME Code,

Section III, Subsection NC for Class 2 Components. The

I.2
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1980 Edition (including Summer 1981. Addenda) of the

ASME Code was used in the seismic reanalysis of the

liquid poison system' piping since the equations

required for evaluation by this Code are available

using an up-to-date computer program, PIPESD. Showing

that the liquid poison system piping meets the applic-

able requirements of the 1980 Edition-(including Summer

1981 Addenda)'of the ASME Code is considered confirma-

tion of the adequacy of the original piping and piping

. support design.

.

0

/

I.3

L-



)

M PR ASSOCIATES. INC.

II. SUMMARY AND CONCLUSIONS

A. Summary

The liquid poison system piping outside containment was

reanalyzed for load combinations including operating

basis, earthquake (OBE) and safe shutdown earthquake

(SSE) in accordance with the requirements of the 1980

Edition (including Summer 1981 Addenda) of the ASME

Code, Section III, Subsection NC. Results of these

analyses are summarized below.

1. Liquid Poison System Piping Stresses

Results of stress analyses for the liquid poison

system piping are presented in Tables II-1 and

II-2. Table II-l presents stresses at the highest

stressed locations of the liquid poison system

piping due to each load component, i.e., internal

pressure, deadweight, and seismic loads during OBE

and SSE conditions. Table II-2 tabulates the

ratio of the maximum calculated stresses in the
liquid poison system piping to the applicable ASME

Code allowables. Load combinations including OBE

are evaluated to Level B Service Limits. Load

combinations including SSE are evaluated to
.

Level C Service Limits. Use of Level C Service

II.1
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Limits is conservative for SSE load combinations

since Level D Service Limits were used and

accepted for piping reanalyses in the Systematic

Evaluation Program. As shown in Table II-2, all

calculated stresses are below the ASME Code

allowable values.

.

B. Conclusion

Based on the results of analyses presented in this

report and summarized in Tables II-1 and II-2, the

liquid poison system piping outside containment meets

the seismic stress analysis requirements of the 1980

Edition (including Summer 1981 Addenda) of the ASME

Code, Section III, Subsection NC for Class 2

Components. This confirms the adequacy of the original

piping and piping support design.

.

O
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Table II-1

STRESS ANALYSIS RESULTS FOR INDIVIDUAL
LOAD COMPONENTS

Liquid Poison System Piping Outside Containment

Piping Pressure Deadweight Occassional Load Stress
Incation Component Stress Stress (psi)
'(Note 1) (psi) (psi)-

OBE SSE

Pump Discharge Line From
Containment to Explosive Valves

132 Soc. Weld 2969 62 13582 21858
Elbow

~152 Soc. Weld 2969 405 14815 23842
Elbow

158 Containment 2969 175 8518 13719
Penetration

Pump Discharge Line From Explosive
Valves to Pumps

234 Check 2969 3916 3658 6000
Valve

250 Soc. Weld 2969 5936 3558 6008
Tee

402 Soc. Weld 2296 5474 5786 9463
Elbow

404 Soc. Weld 2296 5461 5363 8772
Elbow

466 Safety 2296 7514 4006 6596
Relief Valve

Pump Suction Line_

36 Test Tank 391 1587 480 981
Penetration

162 Valve- 275 1034 99 203

Notes:

(1) Location numbers are shown in Figures IV-1, IV-2, and IV-3.
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:SUBetARY OF STRESS ANALYSIS RESULTS
ASME CODE SECTION III, SUBSECTION NC

FOR CLASS 2 CONPONENTS
.

' Lieuld Poison System Piping Outside Containment

,

Equation (9)2
Piping Stress Ratio

Location Component'
(note 1)- oaE SSE

Pump Discharge Line From
Containment to Explosive Valves

132 -Soc. weld 0.74 0.74
- Elbow

152 Soc. Weld 0.al. O.80
Elbow

158 Containment 0.52 0.50
. Penetration

. Pump Discharge Line From Explosive
.

Valves to Pumps

~234 Check 0.47. -0.38
Valve

250 ~ Soc. weld 0.55 0.44
Tee-

,

402' Soc. weld '0.60 0.51
Elbow

404 Soc. Weld 0.58 '0.49
Elbow

466 Safety 0.61 0.49
_. Rollef Valve

Pump Suction Line

'36 ' Test Tank 0.11 0.09
Penetration

162 Valve 0.06 0.05

Notest

(1)' Location numbers are shown in Figures IV-1, IV-2, and IV-3.

(2) Equation (9)- is given in Section III of this report.
Allowable' stress ratio is 1.0.
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III. -DESIGN REQUIREMENTS

A. - ' Applicable Codes

ThL liquid poison system piping outside containment was

. originally furnished in accordance with the require-

ments of.the 1955 Edition of the American Standard Code

for Pressure Piping, ASA B31.1. The number and loca-

tion of the seismic restraints were determined using a

chart method (Bergen-Paterson Piping Support Catalog

ENo. G6, pp. 79-103).. In this report, the seismic

reanalysis of the liquid poison system piping will be

in accordance with the requirements of the 1980 Edition
,

(including Summer 1981 Addenda) of the ASME Code,

Section.III, Subsection NC for Class 2 Components.

B. Materials

1. All Piping SA-312 Type 316 SST or
SA-376 Type 316 SST

2. Socket Weld Fittings SA-182 Type F316 SST

C. Drawings

1. Piping General Physics Corp.
Drawing JCP-19435, Rev. 3.

Burns & Roe Drawings
2149, Rev. 3.
ISO M0177, Rev. O.
ISO M0178, Rev. O.

III.1
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~2. Piping _ Supports Bergen-Paterson DIawings -

331, Rev. 1 337, Rev. 1
331A, Rev. 0 337A, Rev. 0
331B, Rev. 0 406, Rev. 1
332, Rev. 1 406A, Rev. 0
333, Rev. 1 406B, Rev. O
334, Rev. 1 407, Rev. 1r
335, Rev. 1 407A, Rev. 0
336, Rev. 0- 410C, Rev. O
336A, Rev. 0 410D, Rev. 0

j_
' 336B, Rev. O

D.= Loads-
~ The design and operating loads for the liquid poison

system piping are summarized below.
.

1. Internal Pressure Loads
.

Pos. Design internal pressure load from the
reactor vessel safe end to the check valve.

Pa: Liquid poison pump actuation pressure load.

2. Deadweight Loads

Dr Deadweight load of the piping, including the
weight of water in the pipe, and the weight
of the valves.

3. Seismic Loads

E Loads generated by operating basis earthquake
(OBE).

E's Loads generated by safe shutdown earthquake
(SSE).

.

.

4. Thermal Loads

To: Thermal effects and loads generated during
normal plant operation.'

.

III.2
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.E. Acceptance Criteria .

1. Internal Pressure, Deadweight,_ and Seismic Loads

The stresses due to load combinations including

the OBE shall meet the requirements of Equation

(9) of the ASME Code, Section III, Subsection NC.

P D A+NB < l.2 Shmax O + 0.751
4e 3 -

n

The stresses due to load combinations including

the SSE shall also meet the requirements of

Equation (9), except the allowable stress for this

condition shall be 1.8 Sh.

The above equation is identical to the equation

used in the PIPESD computer program (Version 6.2),

based on the 1974 ASME Code.

2. Definition of Terms

Outside diameter of pipe, in.D =
o

Nominal wall thickness, in.t =
n

3Section Modulus of pipe, in ,Z =

Stress intensification factor.i =

Peak pressure, psi (design pressure used).P =
max

Resultant moment loading on crossM =
3 section due to weight and other

sustained loads, in-lb.

Resultant moment loading on crocs
MB

=

section due to occasional loads such.

as earthquake.

Basic material allowable stress atSh =

maximum (hot) temperature.

III.3
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The design temperature of the liquid poison system (.. .

;; ,(piping outside containment is 150'F. The material
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-

Sh, psi
. . ' .

.

.",/ (Material 150*F ..

.,..v

' . ,
'

SA-312 Type 316 SST 18,800 .~
, + . - .

SA-376 Type 316 SST 18,800 .? . :
r. . .

SA-182 Type F316 SST 18,800 [%
*?,

..

~

_ $-

'. 4: f-

, v: <,

' - p,

,
',

' ..; , (. .-. ..

,,*t.

., ..

,; :
. , .

:, , -
,

, . , . .

:: ' ,

. . . .

._3, _

s. - :
.,

%- p
'

'^b..

,. .. ,

. h;,
w .- -

F' L

.: .. ,
'

5-

*<ba _ -
- ,

>

..

4 . '.
< ;

'.I-
.,

.

. yr '
A ' . . .n.

_ ,

. +.
._

,

, .c . .
.-t .

. ,' ,.

goi-

III.4 i7 h ;. ,.
> .

.

. .h'

'.. _ ,

|
,

. . . <
.

fs
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Y



, . . . .- .

M PR ASSOCIATES. INC.
,

IV. DESCRIPTION OF ANALYSES

This section of the report describes the analyses that were

performed on the liquid poison system piping. The detailed

calculations are given in Appendices A through E. Micro-

fiche of the computer output data is given in Appendix F.

A. Model

The liquid poison system piping was evaluated using the

finite element computer program PIPESD, Version 6.2. A

total of three finite element models were used to model
the liquid poison system piping outside containment.

The finite element models are shown in Figures IV-1,

IV-2 and IV-3. Joint coordinates and support locations

are summarized in Appendix A.

1. Spring Supports

The springs hangers indicated in Figu,re IV-1 were

modeled by specifying the preload and spring

stiffness. The cold spring preloads used in the

liquid poison system piping analyses are tabulated
below and are based on data from the spring hanger

drawings listed in Section III.C.2 of this

report. (In 'the PIPESD seismic stress analyses,

the cold spring preloads were reduced by the loss-

in spring load due to anchor displacements of the

IV.1
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pipe end at the containment penetration during i

1

heatup of the containment from cold shutdown to- !

- normal' operating temperature as determined from-

- the spring hanger relaxation analyses.)

;

Loss In
Cold Preload Due Spring-

Spring- Spring to Thermal Preload Spring
Designation Preload Expansion for Analysis Stiffness

(Note 1) (1bs) (lbs) (lbs) (lb/in)

NP-1-H2 32.0 -6.1 25.9 26.7
.

.NP-1-H3 69.0 -1.2 67.8 26.7

Notes:
1

(1) Spring designations refer to General Physics
Corp. Drawing JCP-19435.

. ,

2. Valves
,

As shown in Figures IV-1, IV-2, and IV-3, the>

liquid poison system piping models contain 20

valves. The valve weights and the distances from ;

the valve c.g. to the centerline of the pipe that

were used in the analyses are tabulated in

Table IV-1.

3. Material and Section Properties>

. Material properties for.the liquid poison system
J

piping are given in Appendix B and summarized
-

below. All liquid poison system. piping materials
,

are-Type 316 stainless steel. For stress analysis

IV.2
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purposes all material properties were evaluated

at a temperature of 70*F for the portion of the

liquid peison system piping outside containment.

(Note: Material allowabic stresses were taken at -

~

the design temperature of 150*F.)

6
~ Modulus of Elasticity -- 28.30 x 10 psi*

~

Coefficient of Thermal -- 8.42 x 10-61n/in/*F*

expansion
,

Poisson's Ratio -- 0.3*

Pipe section properties for the liquid poison

system piping are calculated in Appendix B and

tabulated in Table IV-2.
-

B. Loads

The liquid poison system piping was evaluated for the

following loads.

1. Internal Pressure Load, Pa

Liquid Poison Injection

! P = 1250 psig reactor vessel to pump dischargea

= 150 psig pump suction to poison storage tank
|

!.
'

2 Deadweight, D

The deadweight consists of weight of the liquid

poison system piping, including weight of fluid in
the pipe, and valve weights. The total weights of

the liquid poison piping runs are tabulated below.
,

= IV.3
|
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Total Piping
System Weight

(lbs)

Containment to 395
. Explosive Valves

Explosive Valves 1145
to Pump Discharge

Pump Suction to 849
Poison Storage Tank

3. Thermal Load, Tb

The thermal load results from the displacement of

the pipe anchor at the containment penetration

during heatup of the containment to normal

operating temperature. The thermal load is based

on the assumed conditions shown on the following

table. The calculation of the anchor displacement

for the assumed conditions is given in Appendix C.

Pipe
Temperature

Thermal Drywell Outside
Load Temperature Containment
Case ('F) ('F) (Note 1)

Normal
. Operating
Conditions 135.0 70.0

! NOTES:

(1) Reference temperature for pipe. thermal
expansion = 70'F. Pipe temperature outside
containment is 70'F.

,

IV.4
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The thermal load (i.e., the forces and moments in

the liquid poison system piping due to thermal

expansion of the pipe and anchor displacements) is

not evaluated explicitly in Equation (9) of the

ASME Code, Section III, Subsection NC. However,

the anchor displacement affects the deadweight

stresses in that it reduces the springs hanger

loads during normal operating conditions as

discussed in Sectian'IV.A.2 of this report. The

stresses in Equation (9) due to deadweight are

determined for the reduced spring hanger loads

during normal operating conditions.

4. Seismic Loads, OBE and SSE

Seismic analysis was performed using the response

spectra method. Seismic loads consist of the

Operating Basis Earthquake (03E) and the Safe

Shutdown Earthquake (SSE). Seismic loads are

defined by horizontal and vertical response

spectra as shown in Figures IV-4 and IV-5 for the

OBE and Figures IV-6 and IV-7 for the SSE. The

response spectra shown on these figures are based

on the response spectra generated by Lawrence

Livermore Laboratories in the revis6d Appendix B

of NUREG/CR-1981.
'

IV.5
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Damping values of 1% for,OBE and 2% for SSE were

used, in accordance with USNRC Regulatory Guide

1.61.t Response spectra obtained from NUREG/CR-1981

were extrapolated to obtain values at 14 and 24

damping. The response' spectra given in
'

Figures IV-4 through IV-7 envelope the extrapo-

lated response spectra from elevations of 38'-3"

to 95'-3" of.the reactor building in accordance

with Section 3.7.3 of the Standard Review Plan,

.(NUREG-0800).

The horizontal and vertical response spectra for

ithe OBE and SSE conditions were multiplied by

0.165/0.22, based on a zero period acceleration

(ZPA) at the ground of 0.165g's for Oyster Creek

'versus the ZPA at the ground of 0.22g's used in

NUREG/CR-1981. Calculations of the enveloped

response spectra are given in Appendix D.

C. Analyses

The seismic analysis of the liquid poison system dis-

charge line from the containment penetration to the

explosive valves is performed in two PIPESD computer

runs: one spring hanger relaxation run and one stress

analysis run. Analyses of the discharge line from the
.

explosive valves to the pumps and the pump suction line

IV 6
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were performed in one PIPESD computer run per model: a

stress analysis run since there are no spring hangers

.on these lines. !
i

)

1. Spring Hanger Relaxation Analyses
..

The spring hanger relaxation analyses determine

the loss in spring preload due to the anchor

displacement at the containment penetration during

heatup of the containment from cold shutdown

(70*F) to normal operating temperature (135'F).

Results of the spring hanger relaxation analyses

are given in Appendix E and tabulated in Section ,

IV.A.1 of this report.
,

2. Seismic Stress Analyses

The seismic stress analyses determine.the stresses

in the liquid poison system piping due to the com-

bination of internal pressure, deadweight, and

seismic loads (OBE and SSE). Results of seismic

stress analyses are given in Appendix E and sum-

marized in Section II of this report. Deadweight

stresses are evaluated at the reduced spring

hanger loads determined from the spring hanger

relaxation analyses. Stresses are calculated in

accordance with Equation (9) of.the ASME Code,
.

Section III, Subsection NC. Load combinations

IV.7
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including OBE are evaluated to Level B Service

Limits. Load combinations including SSE are

evaluated to Level C Service Limits.

Computer output for the seismic stress analyses

are given in Appendix F.
'

.

e

9

b
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Table IV-1

~ LIQUID POISON SYSTEM PIPING VALVE PROPERTIES

Valve C.G.
Valve to Centerline

Designation Weight of Pipe
(Note 1) Valve Type (1bs) (inch)

Pump nischarge Line - Containment to Explosive Valves
-

V-19-16 1-1/2" Check 20.0 2.0
V-19-25 1-1/2" Gate 100.0 10.0

,

Pump Discharge Line - Explosive Valves to Pumps

V-19-7 1-1/2" Gate 100.0 10.0
V-19-8 1-1/2" Gate 100.0 10.0
V-19-37 1-1/2" Check 20.0 2.0
V-19-38 1-1/2" Check 20.0 2.0
V-19-36 1-1/2" Globe 24.0 5.0
V-19-35 1-1/2" Globe 24.0 5.0
V-19-41 1" Globe 16.0 5.0
V-19-23 1-1/2" Globe 45.0 8.0 at 45'
V-19-44 1-1/2" Explosive 40.0 NA
V-19-45 1-1/2" Explosive 40.0 NA
V-19-42 1"x2" Pressure Relief 40.0 5.0
V-19-43 1"x2" Pressure Relief 40.0 5.0

Pump Suction Line

V-19-4 2-1/2" Gate 95.0 10.0
V-19-11 2-1/2" Gate 95.0 10.0
V-19-10 2-1/2" Check 55.0 3.0
V-19-5 2-1/2" Gate 95.0 10.0
V-19-6 2-1/2" Gate 95.0 10.0
V-19-9 1" Globe 16.0 5.0

Notes:

(1) Valve designations refer to Durns and Roe Valve List
Drawing 2075 and General Electric Drawing 148F723.



Table IV-2

LIQUID POISON SYSTEM PIPING SECTION PROPERTIES

Weight
0.D. t (lb/in)

Component (inch) (inch) (Note 1)

1-inch 1.315 0.179 0.207
Sch 80

1-inch
Socket Weld 1.392 0.179 0.223

'

Elbow

1-inch
Socket Weld 1.722 0.196 0.316

Sleeve

1-1/2-inch
Sch 80 1.900 0.200 0.366

1-1/2-inch
Socket Weld 1.995 0.200 0.391

Elbow

1-1/2-inch
Socket Weld 2.351 0.218 0.517

Sleeve
,

2-inch
Sch 80 2.375 0.218 0.525

2-inch
Socket Weld 2.448 0.218 0.559

Elbow

2-inch
Socket Weld 2.882 0.238 0.723

Sleeve

2-1/2-inch
Sch 80 Pipe 2.875 0.276 0.791

1-1/2-inch
Welded Flange 7.000 2.750 10.455

,

Notes: i

!
!
!

(1) Includes weight of fluid in pipe.

1

|

i
!

.
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APPENDIX F

MICROFICHE COMPUTER OUTPUT

COMPUTER
RUN DESCRIPTION

Poison 2 Poison System Piping Model 2
Operating Thermal Relaxation

Poison 4 Poison System Piping Model 2
ASME Code, Class 2 Seismic Stress
Analysis

Poison 5 Poison System Piping Model 3
ASME Code, Class 2 Seismic Stress
Analysis

Poison 6 Poison System Piping Model 4
ASME Code, Class 2 Seismic Stress
Analysis

|
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