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Gentlemen:

On October 18, 1991, the Cleveland Electric Illuminating Company (CEI) informed
the NRC staff by letter PY-CEI/NRR-1374L of our plans to implement a snubber
optimization program for the Perry Nuclecr Power Pleat (PNPP), Unit 1, during
refueling outage 3 (RF03). The four major goals of our snubber optimization
program vero explained to the NRC staff at that time: improve safety, reduce
occupational radiatien exposure, decrease maintenance costs, and improve system
reliability. The RF03 snubber optimization efforts, which focused on systems
within the Unit I dryvell, including the Feedvater systein, have since been

i completed.

Tha October 18, 1991 letter also informed the NRC staff of the ASME code
guidance which would be utilized during implementation of the snubber
optimization program. One of the analytical techniques used for snubber
optimization was the application of ASME Code Case N-411-1, " Alternative
Dampirg Values for Seismic Damping of Piping, Section III, Division 1, Class

| 1. ,', and 3." Code Case N-411-1 is recognized in Regulatory Guide (R.G.) 1.84,
"Duign a.ad Fabrica tion Code Case Acceptabili ty, ASME Section III, Division 1. "
This Code Case was approved on February 20, 1986, and was endorsed by the NRC
in R.G. 1.84 Revision 25, dated May 1988. R.G. 1.84 contains five coriitions
which must be met to implement Code Case N-411-1. CEI committed to meeting!

these conditions, including the fifth condition which requires the performance
of a case-specific evaluation fc,r application of the Code Care on piping in
which intergranular stress corrosion cracking M SCC) has ocs 3.rred, and NRC
review of the case-specific evaluation. This evaluation was performed for the

,

Feedvater system because indications had been detected in the N4C and N4E|

Feedvater nozzle-to-safe nd veldments during the performance of Inservice
Inspection (ISI) ultrisonic examinctions during RF02,
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The Feedvater nozzle indiceitons vere previously reported to the NRr -taff by
letters PY-CEI/NRR-1204L dat November 26,.1990, with follovup inf..;ation,

provided by letters PY-CEI/NRR-133/L dated March 25, 1091, PY-CEI/NRR-1374L
dated October 18, 1991, and PY-CEI/N?R-1463L dated March 4, 1992 and by direct
presentations to the NRC staff on February 21, 1991 and April-15, 1992. Th;
Feedvater nozzle indications were re-examined during RF03 both prior to and
following application of Mechanical Stress Improvement Process (MSIP) in
accordince with the guidance provided in Generic Letter (GL) 88-01 and
NUREG-0313, Revision 2. The results of the post-MSIP examinations revealed no
significant change in the size of the existing indications and no new
reportabi indications. Although the presence of IGSCC cc ' not be
definitively confirmed, the Feedvater indications were conss 'atively assumed,
for analysis purposes, to have been IGSCC related, and the Code Case N-411-1
evaluation was performed.

The results of this evaluation, along with the results of the ultrasonic
examinations of the Feedvater nozzle indications obtained during RF03, vere
included in a Summary Technical Report, " Evaluation of Flav Indication (s) In
The Perry Feedvater Nozzle To Safe-End Velds Examined During RF03" which was
provided to the NRC staff by Attachment to letter PY-CEI/NRR-1491L dated May 8,
1992. Based on a request for additional information made by the NRC staff in
subsequent telephone conferences dated May 15, 1992, ve are hereby'

supplementing our prior response by providing a summary of the methodology
involved and the results obtained in the application of our snubber
optimization program to the Feed"?tec system (Enclosure 1). *

If you have any questions, please feel free to call,

t

Sincerely, }
ap, n

,_

o

Michael 0. Lyster

MDL: CJF : sc.

Attachment

| cc NRC Project Manager
NRC Resident Inspector Office

i NRC Region III
i
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OVERVIEV 0F PERRY FEEDVATER SNUBBER OPTIMIZATION

A. EVALUATION

The Cleveland Electric Illuminating Company (CEI) contracted General Electric
(GE) to perform snubber optimization analysis for several piping systems,
including the ASME Code Class 1 portion of the Feedvater system inside the

- dryvell. This analysis permitted the elimination of certain selected
feedvat.r system snubbers. The major purposes f this program are to reduce

,

occupational radiation exposure and to increase the overall safety and
reliability of the piping systems while reducing plant maintenance and
inspection costs. By eliminating snubbers located inside the dryvell, a
significant source _of occupational radiation exposure caused by periodic

,

functional testing and maintenance vill also be eliminated. Removal of these
active components vill also improve system reliability, by eliminating

: potential snubber problems such as inadvertent lockup, bleed rate variance and
hydraulic fluid leakage. The optimization results for the Feedvater system
piping has been field linplemented during RF03 (currently in-progress), with
-plans for. implementation of the remaining NSSS portions in RF04. A brief
synopsis of the snubber optimization methodologies used is provided below.
Refer to Attachment 1, " Perry Snubber Reduction' Project" (pages 13 through
21)', for a more detailed discussion on the GE vork scope.

1. Dynamic Methods

Key cciteria used in the analysis are tabulated below:

Item Criteria

- Damping For the Feedvater piping, the'

ASHE Code Case N-411-1 (Reference 1)
damping values were applied with the
Uniform Support Motion (US 'i esponse
spectra analysis method in rdance >

vith Regulatory Guide (R.G. 2.84,

Rev. 25 (Reference 2). Closely spaced
modes were combined in accordance with
R.C. 1.92 (Reference 3).

Code Case N-411-1 was not mixed with
R.G. 1.61 (Reference 4) damping-
criteria for the same load case.

<

- Cutoff Frequencies Seismic - 33 Hz
Acceleration Responce
Spectra (ARS) Other dynamic loads - 60 Hz

- Combination of 3 . Square Root of the Sum of the Squares
' ~ Direction Components (SRSS)

- Response Spectrum Peak P'.s or minus 15% per R.G. 1.122
Broadening ( terence 5)

.

m ._ m,,. _ - ., .- , . - - , - - . - , - 5_,.
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2.- Loadings

The Perry Updated Safety Analysis Report (USAR) defines transient
events and~ combinations of these events which the affected piping
systems must withstand (Reference-6).

-The Feedvater piping system analysis considered the following loading
conditions:

Deadveight-

Internal Pressure-

Thermal Expansion-

= Seismic Events - Operating Basis Earthquake (OBE) and Safe Shutdown+

Earthquake-(SSE)

Pool Hydrodynamic Loads-

Annulus Pressurization Loads--

..

Dynamic Effects of Postulated Pipe Ruptures from other systems (jet-

impingement)

Fluid Transients-

NOTE: Load combination criteria remains the same as the existing
system design specification / Perry USAR.

3. Miscellaneous Considerations

' Additional ~ considerations included:

; Pipe Rupture. Adequacy-

|
..

4 Piping Displacement Envelope

Valve Evaluations-

'EquipmentLNozzle Loads--

Anchor / Penetration Loads-

Appendage Evaluations-

Pipe Support Evaluation-

Velded Attachment Evaluations-

Small Diameter Branch Piping Evaluation-

L
o i

!
u

I i

|

| |
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4. -Use of Code Case N-411-1

Damping per Code Case N-411-1 meets the requirements as specified
within Regulatory Guide 1.84, " Design and Fabrication Code Case
Acceptability, ASME Section III, Division 1," Revision 25 through 27.
R.G. 1.84 lists ~five (5) conditions which must be met in order to use
this Code Case. Perry's Feedvater system snubber optimization complies
with all five conditions,

a. Condition 1

Reanalysis of the Feedvater piping system for snubber optimization
was done in full-compliance vith Condition 1. The Code Case
damping was used completely and consistently,

b. Condition-2

p Code Case-N-411-1 damping values have only been used in those-- - -

analyses in1vhich current seismic spectra and procedures have been'

enployed. Such use-has been limited only to response spectra
analysis. The Feedwater system reanalysis for snubber optimization
has utilized response spectrum methodologies, thus fully satisfying
the requirements of Condition 2.

c. . Condition 3

The snubber _ optimization analysis for the feedvater system has
considered the effects of increased motion on existing clearances
and on-line mounted' equipment. During startup testing, the piping
-system vas valked down to verify existing clearances. The system
-vas reviewed for maximum design movements plus one (1) inch
additional clearance. All pipe support designs-vere reviewed to
ensure that sufficient gap exists to accommodate'the revised

.

-movement.= The new movements were compared to1the old movements at
' critical locations such as elbows and tees. This movement reviev

is_ formally documented and verified. _Only-when the new movements-
-are 1/2--inch larger than;the existing movements is a field walkdova
performed. For small bore piping (2 inches in diai..eter c.nd-
emaller, i.e., root valves) when attached to a large bore pipe, the
movemant review of the large bore piping governs and thereforeg

;enve:.jes the small attached-piping.
!

.d. Condition 4

Condition 4 does not apply since the types of-supports at issue
[ Code Case N 420-(Reference 7) supports] are not used at PNPP.

i 'e. ' Condition 5

-Vith respect to Condition 5, a-case-specific evaluation is
required, with NRC review, when Code Case N-411-1 is used on piping

| in which stress corrosion cracking has-occurred. This
' case-specific evaluation has-been performed for the Feedvater
| piping system even though the presence of IGSCC could not

1

- ~s- _-._ _ . . - . . . . , - , ,i.w y -w - - . . + -
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definitively be-confirmed as the source of the indications
previously identified in the N4C and N4E nozzle to safe-end velds.
A summary of the-results of this evaluation was documented in
Summary Technical Report, " Evaluation Of: Flav Indication (s) In The
Perry Feedvater To Safe-end Velds Examined During RF03," which was
provided to'the NRC staff by attachment to letter PY-CEI/NRR-1491L
dated May 8, 1992 (Reference 8). A more detailed discussion of
this evaluation is provided herein.

5.- Coda Compliance

All piping and pipe supports re-analyzed due to snubber optimization
vere required to meet the ASME Boiler and Pressure Vessel Code, Section-
III, Division 1 code of record vithia the existing system design
specification or as otherwise provided within the pertinent design
input for the specific scope of work.

!The Feedvater system piping was originally analyzed to the 1977 Edition
of'the ASME Code (Reference 9), and the pipe supports vere designeo and-

installed to the 1974 Edition through Vinter 1975 Addenda
(Reference 10). The system was reanalyzed for snubber optimization by
utilizing Gt'- ANSI-7 computer program, which had been updated to the
1983 Edition through Vinter 1984 Addenda (Reference 11). The-code of
record-for the Feedvater supports remained unchanged for snubber
optimization.

A review of the 1983 aad 1977 Editions of the ASME Section III piping
analysis rules has been performed and independently verified. Any ,

differences are " state-of-the-art". improvements in tne understanding of
piping failure modes and component _ stress distributions. The changes
are neither more nor less conservative, but represent real improvements

.in knowledge of piping system behavior. None of the changes are linked
I to design; the component design standards B16.9, B16.11,_B16.28, etc.,
, did-not change from 1977 to 1983, nor are the changes in-stress-rules
'

linked to material, fabricati n or-inspection changes between 1977_and
|- 1983.

In summary, the snubber optimizativr piping analysis for the Feedvater
system was performed in accordance vith ASME Code Section'III, 1983

I Edition through Vinter 1984 Addenda. ASME Code Section III
subsubarticle NCA-1140 allows such use of later coda editions.

In view of the above, ve find that the use of the 1983 Edition of the

|- ASME Code Section III is justified. The 1983 Code represents a more
current " state-of-the-art"_ view and understanding of piping and piping
systems and is approved for use by the NRC. Because the 1977 Edition

j of the ASME Code is considered neither more nor less conservative than
E the 1983 Edition, it-is considered acceptable-to use the later code

edition.

For purposes of the case-specific evaluation of the Feedvater system as
discussed above (item 4), the following additional information
concerning the Fe dvater piping system is provided:

. _ - .. . - _ - - . - - -
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Snubber _ type / size (pre and post snubber optimization) - See Table 1,-

"NSSS Feedvater Snubbers" (page 9).

Snubber Optimization Analytical Model (page 10) which includes the-

evisting' location and orientation af snubbers.

-Summary o^ Feedvater piping peak stresses showing the calculated to-

allovable ratio - See Table 2, "Feedvater Piping Loop A Haximum
Stresses (After Snubber _0ptimization)" (page 11).

' Summary of Feedvater snubber design loads prior to and after en.ibber
optimization - See Table 3, " Comparison of Feedvater Snubber Loop A
Design Loads (Prior to and After Snubber Optimi?ation)" (page 12).

NOTE: The Feedvater piping consists of two lorps designated Loop A
and Loop B. These two loops are mmet: ic. Loop A vas
analyzed, and therefore it is the Loop'A analysis results
which are-presented in proprietary GE-Design Report 23A6987,
Revision 1, "Feedvater System Loop 'A' Piping and Equipment
Load" (Reference 12). _Due to symmetry, the results of the
Loop A analysis are directly applicable to Loop B.

,

Summary of T*sults (Post-optimization):-

- All piping meets the requirements of ASME Boiler and Pressure
Vassel Code, Section III,-Division 1, 1983 Edition through Vinter
1984 Addenda.

All pipe supports meet the requirements of ASME Boiler and-
|- Pressure Vessel Code, Section III, Division 1 1974 Edition3

through Vinter 1975 Addenda.

The analysis performed by GE for the Feedvater System was reviewed by CEI to
ensure complianceLvith.all' pertinent licensing _ basis documents for PNPP

-Unit 1 1 This review included a verification of the following items: design
interface requirements,-design conditions, break _ locations, fatigue, and

; loading conditions. CEI also utilized the Feedvater Analysis results to
' evaluate items such as: penetrations, supports, branch line connections, and

the:RPV-nozzles._ The PNPP Feedvater System vas. originally analyzed by GE.
Only those changes recessary to perform snubber optimization vere made.

L Based on the review of information provided by GE, CEI determined
-the re-analysis _to be acceptable. 1his information was used (on a-partial
basis) for determining the adequacy and acceptability of the piping, supports
and structures following snubber optimization. All piping and supports meet
ASME Code allowables and are in compliance with the PNPP Unit I licensing

i' basis.
f
\

l

|

{

_ _ _ . _ _ ._ _. , _ _ _ _ ._ . , _ _ __ _ _ . _ _ _ ._ ____ ____ _ _
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B. FEEDVATER SYSTEM CASE-SPECIFIC EVALUATION
,

The following is a.listii.g of information previously submitted to the NRC
staff by letter PY-CE!/NRR-1491L dated May 8,1992:

-_

-RF03 ultrasonic-examination results of the N40 and N4E Feedvater
nozzle indications.

-Mechanical Stress Improvement Process (MSIP) vas applied to the
subject N4C and N4E Feedvater nozzle to safe-end velds containing the
indications.

-Confirmatory ultrasonic examination results following application of
MSIP showed that the indications remained within the acceptance limits
provided within NUREG-0313, Revision 2 (Reference 13), (max. "a/t"
< 13%).

-Veldment reclassification from category "F" to category "E" in
accordance with NUREG-0313, hevision 2.

Fracture analysis was n.. formed by CEI'prict to the third refueling outage
with the interface _ loaa*.igs of snubber optimization fully considered. This
analysis projected flav sizes based on NRC constant crack growth rates and

_

EPRI variable crack growth rates assuming 12,000 hours of operation until the
fourth refus11ng. outage. The acceptance criteria for flav analysis was based

.on'ASME Section XI, Appendix C., subparagraph C3320(c), 1986 Edition

.(Reference 74) The acceptance-limit was demonstrated to be at an "a/t" equal
to 60% and considered the normal, upset, emergency and faulted piping loads
from the Feedvater-piping snabber optimization analysis.

In summary, our case-specific evaluation concerning the Feedvater nozzle flavs
has found

-The flav _ sizes'are <13% a/t, which is well within the ASME Code
acceptance limit of 60% a/t.

-The-ASME Code acceptance limit considered normal, upset, emergency and
faulted piping snubber optimization loads.

-Hechanical stress improvement has been applied to mitigate future flav
growth.-

Based _on_the above,_ve have' concluded that_an adequate level of safety has
been demonstrated and assured. Additionally, the veldments containing the
mitigated flavs vill be reinspected in the future in accordance with the
schedule provided in NUREG-0313, Revision ?e

i

C. CONCLUSIONS'

a

Based on:the-information provided above, the folloving conclusions have been
reached:

-The NSSS snubber optimization analysis, as performed by GE and CEI,

.- , . . . - -- -.
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conforms to all Perry USAR allovable limits and all other pertineat
design basis loading conditions.

-Code Case N-411-1 has been properly applied, with all conditions
sp;;ified within Regulatory Guide 1.84 fully satisfied, including the
case-specific evaluation for the Fetdvater system due to the potential
presence of IGSCC-fnduced flavs.

-The evaluation of the RPV Feed ;ter nozzle indications reveals ample
design (structural integrity) margin. This evaluation included proper
consideration of revised vorst-case loadings resulting from Feedvater
snubber optimization. Further, mechanical stress improvement has been
applied during RF03 to the subject feedvater nozzle to safe-end velds
to mitigate future flav propagation.

-Trere vill be no adverse effect en overall plant safety due to
implementation of snubber optiinization. On the cc,,trary, it is
strongly believed that system / plant safety and reliability is enhanced

. _due to the removal of components that have the potential for " failure"
| during normal' plant operating conditions.

D. REFERENCES

1. ASME Boiler and Pressure Vessel Code, c de Case N-411-1, " Alternativeo
Damping Values for Seismic Analysis of diping, Section III,
Division 1, Class 1, 2, and 3."

USNRC Regulatory Guide 1.84, Revision 25 - Design and Fabrication Code
Case Acceptability ASME Section III, Division 1.

~

;

3. USNRC Regulatory Guide 1.92, Revision 1 - Combining ".odel Responses
-and Spatial Components in Seismic Response Analysis.

4. USNRC Regulatory Guide 1.61 - Damping Valves for Seismic Design of
Nuclear Power Plants, October 1973.

5. USNRC Regulatory Guide 1.122 - Developmer.t of Floor Design Response
Spectra for Seismic Design-of Floor Supported Equipment for
Components.

6. -Pt ry naclear Pever Plant, Updated Safety Analysis Report-(USAR).

7. ASME Boiler and Pressure Vessel Code, Code Case N-420, " Linear Energy
-Absorbing Supports for Subsection NF, Classes 1, 2, and 3.

Construction, Section III, Division 1."

8. -PY-CEI/NRR-1491L, "Feedvater Nozzle Veld Indications.(TAC No. 81879),"
L May 8, 1992. I

_

l

L 9. ~ASME Boiler and "rassure Vessel Code, Section III, Division 1, 1977
Edition. !

i

l

l'

!
I ,

'

1
,

r. ._ % . . . - - , , ,.,,a .a i 4



. -. . .-. - - _ . _ - .- . - - . _ _ _ . - - .. -- . _ . . . _ . ._ _ _.- . ..- .. - ,

I
,

PY-CEI/NRR-1499 L
'

Enclosure 1
Page 8 of 21 - i

|

10. ASME Boiler and Pressure Vessel Code, Section JII, Division 1, 1974
. Edition through Vinter 1975 Addenda. |

|

11 ASME Boiler and Pressure Vess( Code,~Section III, Division 1, 1083 |

Edition through Winter 1984 Ac enda.

12. GE Design Report 23A698'<, Pevision 1, "Feedvater System Loop 'A'

Piping and Equipment Load" (Proprietary).

13. NUREG-0313 Revision 2, " Technical Report on Material Selection and4

Processing Guidelines for ;VR Coolant Pressure Boundary Piping ".

' 14. ASME Boiler and-Pressure Vessel Code, Section IX, 1986 Edition.

: -

!

>

.-

|.

.

4-.- - -_ m -._ _ _ _ _ _ _ _ . _ _ _- .._s - -.- -% vo-



. . . _ . _ _ _ _. ._ _ .

.

PY-CEI/NRR-1499 L
Enclosure 1
Page 9 of 21

TABLE _1

NSSS PEEDVATER SNUBBERS

Mark Number Loop ' Size Deleted

1N27H0001 A 50 KIP No

IN27H00Ci A 50 KIP Yes
1N27H0004 A 50 KIP No

IN27H0005 A 50 KIP No

IN27H0006 A 70 KIP No

1N27H0007 A- 70 KIP No

1N27H0008 A 30 KIP Yes
IN27H0009 A 30 KIP Yes
1N27H0025 A 70 KIP Yes

1N27H0013 B 50 KIP No

IN27H0014 B 50 KIP Yes
1N27H0016 B 50 KIP No

IN27H0017 B 50 KIP No.

1N27H0018- B 70 KIP No

1N27H0019 B 70 KIP No

1N27H0020 B 30 KIP Yes
t

IN27H0021 B 30 KIP Yes

| -1N27H0026 B 70 KIP Yes

;-
!

Notes : All snubbers are "E-Systems" Hydraulic Snubbers

.-

!
!

|

_ _ _ _ _ _ _
_ _ .
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|
FEEDUATER PIPING ILOP A hAXIMUM dtxE55Ed (After Snubber Optimization)

|

| Maximu--
Limiting Allowable Calculated Node

Cr'teria loading Stress Type Stress (psi) Stress (psi) Location

Based on ASME B
& PV Code, Section
III, Subsection NB for

SA-106 GR B @ 575'F
S = 26,500 psi

YS = 17,700 psi

F"r Normal a.M L % to
Condition: Normal and Upset Ioads: Prinary 26,550 18,680 110 t

1 Weight of Structure Menbrane
2. Pressu:? Plus Bending

S = 1. 5 S, 3. Operating Basis F rthpake
4. SRV
5. Etydraulic

i

For Emergency Condition: Emergency Loads: Primary 39,7bd 22,140 110
1. Geight of Structure Membrane
2. Pressure Plus Bending e

.

S = 1.5 S 3. Operating Basis Earthge
* ' " ' *' 4. SRV

5. !!ydraulic

For Faulted Condition: Faulted Icads: Primary
1. Weirft of Structure Menbrane 39,750 33,090 110

?ressure Plus Bending
S. = 1.5 S a. Operating Basis Earthgaake t

' " ' .* Y 4. Annulus Pressurization
5. Hydraulic

Cumr:ulative Usage Factor (filx) U = d.64 Allowable: 1.0 tbde Iocaticn: 110 ;

.
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COMPARISON OF FEEDVATER ThUBBER LOOP A DESIGN LOADS
(Prior to and After Snubber Optimization)

Previous New
Pesign Loads, Kips Design Loads, Kips

Mark (Flior te Snubber (After Snubber Ratio
Number Optimization) Optimization) Previous /New

,

IN27H0001 34.6 (U) 10.8 3.2
45.0 (E) 19.3 2.3
62.3 (F) 31.0 2.0

IN27H0004 34 ' (U) 22.3 1.55
45.0 (E) 26.5 1.70

g 62.3 (F) 47.0 1.33

1N27H0005 54.2 (U) 19.2 2.8
-72.0 (E) 26.0 2.8
97.5 (1) 45.3 2.2

IN27H0006 45.8 (U) 15.8 2.9
60.9 (E) 29.8 2.0
82.5 (F) 48.6 1.7

1N27H0007 70.0 (U) 28.6 2.4
93.1 (E) 30.4 3.1

142.1 (F) 82.2 1.7

,

(U) = Upset
' (E) - Emergency

(F) - Faulted

i

n

, -_ .w. ~ - - . _ - - - . . . ,,
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INTRODUCTION

Hydraulic and mechanical snubbers are used extensively in Nuclear Power Picnts to
provide support to pi ing in the event of an earthquake or other namic transient
such as a Loss-O -Coclant-Accident OCA) or a Safety Re

ecause of(SRV)
Valve

discharge. Manyy ants have installed a arge number snubbers past
conservative reqmrements. The significant number sm bers in nuclearplents add
to plant congestion and decrease pipmg systemflexi lity.

Becaus.e of the large numbe,rs of snubbers and the com_ plex.ity of their mechanisms,
extensive inservice inspections nctional testmg and maintenance programs !.,ve
been established to ensure relia e smibber p imance. These exterisive programs
result in increased levels of occupational ra ation exposure (ORE) and mcreased

.

plant operationa: costs.

Concernfor these increases in exposure and in costs have led to the organization of
Technical and Steering Committees by the Pressure Vessel Research

piping,ttee (PVRC) with active NRC and industry carticipation. Other Tesk GroupsCommi
on Seismic Design and namic Load / Load Cbmbination under an NAC Pipmg
Review Committee have a o recognized the needfor more current and realistic
methods of dynamic analysis.5

As a result of work by these committees and others, acceptable methods are now
available to optimize nuclear plant p' ' g suspension configurations. timization
programs have now been performe numerous utilities in which snu bers have
either been eliminated or replaced by rigid struts.

(CEI) has secured the services of GECleveland Electric illuminating Company,th CEI in the permance of such an
,

Nuclear Energy (G to work jointly wi
optimization program r the Perry Nrocicar Power Station. te major purposes of
this program are to reduce occupational mdiation exposure and to mcrease the
overall safetj of the piping systems while r un ing plant maintenance and inspection

i costs. ;

This document describe.t the scope of services, the analytical methodology and
criteria used and the results achieved by CEI and GE in the performance of the
snubber reduction program.

1.0 ANALYSIS SCOPE

~7:e scope of, services for this program included reanalysis of the primary pressure
boundary pipmg m thefollowmg systems:

o Main Steam
o RCIC branch piping to Main Steam
o Recirculation
o RHR branch piping to recirculation
o idVCU
o Feedwater
o Inclined Fuel Transfer System

-1-
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The scope ofservices included a review and evaluation ofinterface loadsfrom the '

piping to the supports and equipment attached to the piping in each system. This
includes:

o Supports,(e.g. hangers, snubbers, rigid struts)
o Penetrations
o Guides
o Valves
o Pum / motor
o |es

Once anal ses and interface evaluations were shown to satisfy Code requirements,

ths reanab; sis work. This included:pdate of all drawings and documentsase of the p,rogram included an uthe final
afected

o Pipi,ng Design Specification
o Pipmg Data Sheet and Cernfication:

| o Pipmg Stress Reports
o Suspension Drawings
o Support Calculations
o Pipe Break Destyn Report

'

fce Contro DrawingsoI

Additional documentation such as Field Disposition Instructions (FDL) and

of the program. fety Evaluations were prepared as n:cessaryfor the implementation
10CFR 50.59 Sa

2.0 DYNAMIC METHODS

eliminanon of snubbers. ystems listed above with the intent of recommending theAs an alternate to : limb.ation, when displacements wereGE analyzed the piping s
,

|
a snubber could be replaced by a rigid strut. Replacement strut stfi nesses

minimal,lize the same stifness asfor the snubber they would replace. The bases forwould uti
achieving the snubber reduction was the application of current piping technology and
methods acceptable to the NRC.

I The load definitiens and combinaticns that were used in the existing analyses and are
| documented in the Pe Updated Safety Analysis Report (USAR) were applied to the

snubber reducnon es.(

GE analyzed all required seismic and hydrodynamic loads by thefollowing method:
|

'

ASME Code Case N411-1 damping values were applied wi:h the Umform
Su USM) response spectra analysis method in accordance with
R.pport Motion (25. Closely spaced modes were combined in accordance withG.1.84, Rev.
R.G.1.92.

recommendations or SRP 3.7.2. frequency modes per NUREG 1061, Volume 4,The total combined response to high-fr:quency
The above method included highi

-2-
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* modes is combined by the SRSS method with the total combined responsefrom.

lower-frequency modes to determine the overall structuralpeak response.

Response spectnan peaks were broadened 15L
These methods were applied to selected pipin" systems as an al crnative to thet
corresponding Regulatory Guides. When Code Case N-411-1 was usedfor
earthquake or other dynamic loads, it was not mixed with R.G,1.61 damping citeria
for the same load case.

3.0. PIPING MODEL

GE utilized the piping models as were used in the existing as-built analysesfor each
piping system except that reviews of current piping as-built documents were utilized
to update mcdels wherepeld changes had been made. Only minor modipations to
moaels resultedfrom these reviews.

The mathematical model of the p,iping system used in the ana * sis included the piping |
piping as applicable. Sm~ propnate, the suspension systernaller lines (<1/3 diameter ofe main pipmg) such as
valves, pump / motor as ap the piping and branc

sample lines and instrument lines do not affect the main piping response and
therefore, were not included in the model.

The piping system is mathematically modeled to realistically repect the static and
dynamic reacilons af the piping. The
model as a series ofmass pomts (nodes) piping and equipment are represented in theand mterconnecting weightless springs. The
maa points are generally selected so that their location comcides with the location of
large masses. Masspoims are spaced so that the elements benveen them will be of
no greater ten th than a simple supported beam with umformly distributed mass
havmg a natura equency e I to the cut-offrequency of the analysis. The . nature
of the seismic ads (low requencv is sucn that th reach the Zero Period
have reached the ZPA by 60 Hz.ydroa9)namic loads are hi hfrequency in nature andAcceleration (ZPA) by 33 H

The seismic and hydro nanuc loads are combined
in accordance with the load combinations as spec' d in the piping Design
Specification.

4.0 ANALYSIS

GE's proprietary computer program, PISYS was used to calculate the response of
the p,tping, system to all of the static and dynamic loads defined in the Design
Specification. The outputfrom the PISYS program was evaluated by another GE
proprietary computer program, ANS17, to solve the stress intensity equations of
ASME III, Subarticle NB-3650 and to calculate the combined interface loads on the
applicable pipe moimted/ attached equipment.

Thermal gradients are conservatively calculated using the ANSI 7 computer program
by assuming an infinite heat transfer film coefficient with a linear processpuid
temperature change equal to the . step C.iange definedfor the load set. 'Ihe radial
gradients are computed idealizing the pipe wall as apat plate. Longitudinal
gradients are computed separately analyzing nvo sections and selecting the greatest
temperature dference that occurs during the transient.

3

. _ - _ _ _ .- -. .~



. . . - _ - _ . _ - _ . . - - . ~.

PY-CEI/NRR-1499 L. .

Enclosure 1
Page 18 of 21

Fatigue re utrements are satisfic * according to ASME Section 111 analysis Subsection
NB-3650, uation 14, and according to MEB 3-1 criteria.

S.0 LOAD CO.*!BINATIONS

Load combination criteria used were in accordance with the existing as-built design
specifications and the Perry USAR.

6.0 LOAD CONSIDERATIONS FOR PIPING ANALYSES

The snubber reduction analyses uti!ined thefollowing loads as were used in the
existing piping analysis and as documented in the PerryTJSAR or design documents:

6. I Weight, Pressure and Thermal Expansion, and/or Contraction

6.2 Pressure-Temperature cycle charts (Load Histograms) |

| 6.3 Dynamic loads inertia spectra used in the existing a:talyses were converted to
- ASME Code Case N411-1 damping values. |

.

6.4 Fluid Transients:

For those systems where applicable, GE considered transient loads due to
valve opening or closure and steam discharge.

6.5 Jet Loads:

| Piping analyses includedjet load considerations in the same manner as were
'

performedfor the existing as-built analyses.

6.6 Functional Capability:
'

Functional Capability and Operabil ofpipt d comgnentsfollowingopumization were con rmed m accor ice wi 0-21

| 7.0 CONSIDERATIONS AS A RESULT OFPIPING ANALYSES

7.1 Pipe Rupture:

Pipe rupture was evaluatedfor the snubber reduction analysis results to
assi.:e that MEB 3-1 criteria were satisped.

'

These reviews demonstrated that there were no changes in the locations of
previously postul
pip 'a hip protecn.ated breaks and that alterations to the previously designedon were not required.

Arbitrary Intermediate Break (AIB) ding the Perry USAR were revised, aslocations were iden:ipedfor deletion andthe applicable documents inclu
appropriate.

-4-
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7.2 Jet Impingernent:

Jet impingement calculations were not affected by the snubber reduction
analyses.

7.3 Piping Displacemenu:
4

New piping displacements (thermal + inertia) were limited to the existing
displacements plus 1/2" in order to assure that an adequate space envelope
exists around the installedpipe.

7.4 Valve Evaluations:

The new valve accelerations were compared with the present design
allowables to assure that the existing valve quahfication was maintained.

For MSIV and SRV qualipcations, revised required response spectra (RRS)
will be generated using GE's proprietary computer program ERSIN. The
revised RRS will be cornpared to the existing TRS to assure the validation of
the present quahfications.

7.5 Equipment Nozzle Loads:

Loads applied to equipment nozzles were evaluated and their acceptability
documented in the stress reportsfor thepnal configuration with the optimized
suspenston.

7.6 Anchors and Penetrations:

Anchor and penetration loads after optimization were shown to be less than
the Design Allowable Load (DAL)for all analyzed loading conditions.

7.7 Appendages:
1

Accelerationsfor allinertialload cases were supplied to CEIfor root valve
and I/C branch line qualifications. Three components of~ acceleration,
rotation and displacementfor each analyzed load case were provided. These
accelerations were then unlized by CEl to venfy the root valve arulI/C branch
line quahjications.

7.8 Welded Attachments:

All welded attachments for the piping systems were qualified and the
quahfications documented in the applicab~le stress reports.

8.0. SUPPORTEVALUATIONS

Calculated loads to supports were submitted to CEIfor review and evaluation.

follows: g criteriafor loads as depned by CEI to GEfor support loads were as
Screenin

-5-
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Governing Load Casef r DAL Load Case Restrictions

. F & J.80 ((N)E & 1.33 N)
1. Normal or Upset (N)

2 Emergency (E) N < 0. 752 )
F X 1.353

3. Faulted (F) N < 0.556
E X 0. 739

Reviews by CEI demonstrated that structural steel and support loads did not
exceed design allowable loads.

9.0. CODE COMPLIANCE

The following listing (but not limited to) of codes, standards and regulatory
reqmrementsformed the basesfor the snubber reduction program:

9.1 Codes and Standards:

9.1.1 ASME Boiler and Pressure Vessel Code, Section :ll, Division 1,1983 Edition
with Winter 1984 Addenda (Class 1 Piping).

9.1.2 ASME Boller and Pressure Vessel Code, Section 111, Division 1,1983 Edition
with Winter 1984 Addenda (Class 2 Piping and Class 1 and 2 Supports).

9.1.3 ASME Boiler and Pressure Vessel Code, Code Case N-122, Stress Indicesfor
Integral Structural Attachments, Class 1 Section III, Division 1.

9.1.4- ASME Boller and Pressure Vessel Code, Cado Case N-319, Alternate

Section 111,for Evaluation of Stresses in Butt WeTa' Elbows in Class 1 Piping,Procedure
Division 1.

9.1.5 ASME Boiler and Pressure Vessel Code, Code Case N-411-L Alternative
Damping Valuesfor Seismic Analysis of Piping, Section 111, Division 1, Class
1, 2, and 3.

9.2 Regulatory Requirements:

9.2.1 10CFR21, Reporting ofDefects and Non-Compliance.

9.2.210CFR50, Appendix. B, Quality Assurance Criteriafor Nuclear Power Plants
and Fuel Reprocessmg Plants.

9.2.3 USNRC Regulatory Guide 1.84, Revision 25 - Design and Fabrication Code
| Case Acceptability, ASME Section illDivision 1.

9.2.4 USNRC Regulatory Guide 1.92, Revision 1 - Combining Modal Response and
|. Spatia' Components in Seismic Response Analysis.

-6-
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9.2.5 Standard Review Pfar. NUREG 0800.

10.0 RESULTS AND CONCLUSIONS

Thn analyses completed have been shown to satisfy all requirements of the ASME-

Code Section Ill, Subsection NB 3600. Interfaces to all attached and mounted
equipment have been shown to satisfy Code requirements. Loadin s on nozzles have
been reviewed and demonstrated to be acceptable. Eristing quali cations have been
maintained. Affected documents and drawings have been up ated to reflect the
suspension changes resultingfrom the snubber reduction ana'yses.
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