GPU Nuclesr Corporation
Nuclear non Ofice Box 10

Route 441 South

Middietown, Penrsylvania 17067.0191

717 944.7621

TELEX B4.2386

Wiiter's Direct Dial Numbet

(717) 948-8005

October 12, 1992
C311-92-2170

U. §. Nuclear Regulatory Commission
Attn: Document Control Desk
Washiugton, D.C. 20855

Dear Sir:

Subject: Three Mile Island Nuclear Station, Unit 1 (TMI-1)
Operating License No. DPR-50, Docket No. 50-289
Submittal of BAW 2127, Supplement 2
Fatigue Stress Analysis of the Surge Line Elbows

Reference B&W Owner’'s Group lLetter dated June 11, 1992
(Letter No. 0G-1048) submittal in response to the SER for
Topical Report BAW-2127 and Generic Letter 88-11

The reterenced BA&W Owners Group letter transmitted to My, Joe Shea, USNRC Lead
Project Manager (MPA X-811) - Project Directorate 1-2, the subject Supplement ?
to B&W's Topical Report BAW-2127. The Supplement responds to the open iten
concerning surge line elbows as contained in the NRC Safety Analysis Report
(SER) on BAW-2127, dated July 24, 1991, GPUN has reviewed the subject document
and finds that B&W report, Supplement 2, is applicable to TMI-1. Hence it is
transmitted herewith for the purpose of docketing ano serves to close out the
last open item in the SER pertaining to the issues of GL 88-11.

Sincerely,

TG Bro'aht,on

Vice President an.' Director, TMI-1

GMG
Enclosure: 1) B&W Owners Group BAW-Z127, Supplement ¢, dated May 1992

cc: TMI-1 Senior Project Manager
Region 1 Adrinistrator
TMI Senior Resident Inspector
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U.f. Nuclear Regulatlory Commission
1 White rliit North
11555 Rockville Pike
Rockville, MD 20852

Attention: Mr. Joe Shea
Lead Project Manager, MpPA X-811
Project Directorate I-2
Division of Reactor Projects - 1/11

Subject: Safety Analysis Report (SER) for BAW-2127.
References: 1s B&W Owners Group Report, "Final Submittal -~
Pressurizer Surge Line Thermal

Stratification", BAW-2127, Dec. mber, 19%0.

~o

NRC Letter Dated July 24, 1991, From: Js
Shea, To: J. Tavlor, Subject: Pressurizer
SJurge Line Therma) Stratification (SER to BiW-
2127)

3, NRC ,/ B&WOG Meeting held in Lynchburg, VA on
January 15, 1992,

Dear Mr. Shea:

In response to the open item in the reierence 2 SER, please find
enclosed five (5) copies of the B&W Owners Group Summary report for
the Fatigue Stress Analysis of the Surge Line Elbows. This report
1s supplemant 2 to the reference 1 topical report,

Also please find attached a copy of Appendices A-1, A-2, A-3, A-7,
and A-8 of B&W Nuclear Technologies (BwNT) Document 32-1206920-00.
These appendices provide the detailed information requested at the
roference ) meeting. Please note that these Appendices are stamped
BWNT Proprietary and should be handled as such. An affidavit
gsupporting the proprietary claseificazion is attached to this
letter. The reference 1 report and the appropriate supplements



Mr.J.Shea,NRC
0G=1048
June 11,1992 P

-

provide the non-proprietary information contained in the
proprietary appendices. Therefore, no we do not plan tu submit any
additional non-proprietary information.

Should you require any further information, please contact me at
(813) B66~-4414, The B&W Owners Group Project Manager, A. W.
Robinsun at (B804) 385-3290, our the B&W Owners Group, Thermal

Stratification Working Group Chairman, G. L. Lehmann, at (201) 316~
7052,

D. N. Miskiewicz, Chairman
B&WOG Materials Committee

DNM/AWR

Attachment

ce: T. L. Chan - USNRC (w/2 copies)
H. K. Shaw ~ USNRC (w/2 copies)

R. B. Borsum -~ BWNS
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BAW-2127

SUPPLEMENT 2

MAY 1992

PRESSURIZER SURGE LINE
THERMAL STRATIFICATION
FOR THE B&W 177-FA NUCLEAP PLANTS

SUMMARY REPORT
FATIGUE STRESS ANALYSIS

OF THE SURGE LINE ELBOWS

Prepared for

Arkansas Power and Light Company
Duke Power Company
Florida Power Corporation
General Public Utilities huclear
Toledo Edisen Company

BAW Nuclear Service Company
P.0. Box 10935
Lynchburg Virginia 24506-0935
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aummary:
A re-evaluation of the surge line elbows was performed using the Code table
siress indices for elbows. The surge 1ine was reevaluated to include shakedown,

as described in NB-3228.4 of the ASME Code, and strain based fatigue of the surge
1ine elbows.

Detailed finite element analyses were performed on the liniting portions (the
elbows) of the surge line piping, as well as on the entire surge iine to
demonstrate shaukedown. Shak down was demonstrated to occur within 3 to 4 cycles
and resulted in @ maximum accumulated local strain of 1.07% compared to the 5.0%
of ASME Code Cases N-47-28 and N-196-].

The fatigue usage for all surge 1ine elbows was demonstrated to be less than 0.6
over the 40 year design 1ife of the B&W 177 fuel assembly plants. Thus, at all
surge line locations the 40-year cumulative fatigue usage factor remains less
than the Code allowable fatigue usage factor of 1.0

Conclusion:
Having previously demonstrated the fatigue usage of the nozzles and piping to be
acceptatle, excluding *he elbows, and having demonstrated the a.ceptability of

the elbows in this supplement, the BAWOG response o NRC Bulletin B8 11 is
complete.
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has confirmed that the thermal expansion stress criterion of NB-3222.3 does not
need to be satisfied since shakedown has been demonstrated in accordance with Ké-
3228.4(b).

A1l operating lowered loop plants have been shown to have acceptable cumulative
fatigue usage for the full 40 year licensed plant life. Similarly, the elbow
fatigue usage factors for Davis-Besse Unit 1, the only operating raised loop
plant, are within the allowable limit of 1.0 for the licensed 40 year plani
lifetime based on the design transients defined in BAW-2127, Supplement 1
(Reference 7). In all cases, the structural analysis of the surge line has
accounted for the thermal conditions (thermal stratification, thermal striping,
and thermal cycling) which are expe-ted to occur during the 40 year 1ife of the
plant.

Table 1-1 g*ves an overview of the highest Total Cumulative Usage Factors in the
Surge Line ~f the seven BAW 177-FA nuclear plants. These factors are based on 240
heatup and cooldown cycles over the 40 year design 1ife for all the plants except
for the three Oconee Units which are based on 360 heatup/cooldown cycles over the
40 year design life.

The Nuclear Regulatory Comnission has approved operation &f Uavis-Besse Unit |
through *he Sth operating cycle based upon a Justification for Continued
Operation submitted in September, 1991 (Reference 12). An updated cumulative
fatigue usage factor for Davis-Besse Unit 1, considering the modifications to be
completed prior to restart from the 9th refueling outage, will be provided at a
later date.

1-5
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2. SHAKEDOWN ANALYSIS

2.1 Generalities

The shakedown analysis has been performed to satisfy the ASME Code (Reference 6)
via use of NB-3228.4, which replaces the requirements of NB-3653.6(a) and/or AB-
3222.3 Thermal Expansion Stress intensity. The response to an ASME Code Inquiry
(Reference 14) has confirmed that the thermal expansion stress criterion of NB-
3222.3 does not need to be satisfied if shakedown can be demonstrated in
accordance with NB-32¢8.4(b).

NB 3213.34 of the ASME Code, Reference 6, defines shakedown as follows:

"Shakedown of a structure occurs if, after a few cycles of load
application, ratcheting ceases. The subsequent structural response
is elastic, or elastic-plastic, and progressive incremental
inelastic deformation is absent. Elastic shakedown is the case in
which the subsequent response is elastic."”

2.2 Shakedown Options
Shakedown of the surge line nas been demonstraied using two methods. The most
sophisticated method is the elastic-plastic analysis of the entire surge line

piping system. The second method utilized the Bree-Diagram for the surge line
Tocation which experiences the largest strain.

Since the Bree-Diagram only appears in the high-temperature Code Case N-47-28
(Reference 9), both the Bree-Diagram and the more sophisticated elastic-plastic
analysis were used., In this elastic-plastic analysis, the surge line was
analyzed as a system (surge line modeled from the pressurizer tc the hot leg)
with elastic-plastic properties for all elbows. This model was loaded with the

2-1
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around the cross-section. The elbow elements of ABAQUS have been experimentally
verified and lend themselves well to the shakedown analysis summi: ized in this
document .

The ABAQUS shakedown model has been verified by comparison with the ANSYS
mathematical model of the surge line (Reference 1), which was bench-marked to
actual surge line displacements measured during the Oconee Unit 1, February, 1989
heat-up. To demonstrate that the ABAQUS model yielded comparable displacements,
this verification was performed using two purely elastic computer analyses: the
100% power thermal expansion Toad case and the most severe thermal stratification
condition, Peak PV4 of HUlAl heat-up. For both load cases, the surge line
displacements using ABAQUS agreed with the ones using ANSYS. Figures 2-1 through
2-3 show the results of the comparison between the displacements for the Peusk PV4
load case.

2-4
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2.3.4 Shakedown Analysis Results
Shakedown has been demonstrated for the most severe ranges of thermal

stratification conditions (Peaks and Valleys) based on the following results
evaluated at the location of maximum plastic strain (within each elbow):

a.) Stress-strain Hysteresis and Stability Check
b.) Maximum Accumulated Local Strain developed through Shakedown
c.) Strain Range per complete cycle (used in Fatigue Analysis)

- in H i

The stress-strain hysteresis was stable after 3 to 4 cycles of lrading and
unloading.

B.)  Maximum Accumulated Local Strain Results

The maximum accumulated local strain was the maximum poak strain developed during
the shakedown analysis. The resulting maximum accumulated local strain occurred
at the peak stratification, PV4, and was 1../% for the most critical elbow
(Figure 3-1, Elbow B at the bottom of the riser).

Code cases N-47-28, approved July 27,1988, Appendix T (Reference 9), and N-196-1,
approved January 21, 1982, Condition No. 2 (Reference 10) provide a maximum
allowable accumulated local strain of 5.0%  These Code cases define the
applicability of this maximum allowable accumulated local strain to any
plastically analyzed locatinn at which the calculated local strain is the result
of cyclic operations. The maximum accumulated local strain anywhere in the
shakedown model of the surge 1ine was 1.07% (1.07% << 5.0%). Therefore, the
maximum accumulated local strain from the shakedown analysis is acceptable.

C.) Strain Range Per Complete Cycle Results

Shakedown occurred within three to four load cycies. After shakedown, the
resulting strain range at the most critical elbow (Elbow B at the bottom of the
riser) was 0.759%.

2-8






lowered loop plants provide a conservative demonstration of the shakedown for the
Davis-Besse surge line,.
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3.7 Elbow Fatigue Analysis Results

For the surge line elbows of the lowered loop plants, the highest 40-year total
cumulative usage factor occurred in elbow B of Figure 3-1 (vertical elbow at the
hottom of the surge line riser). It was equal to 0.50 for Oconee Unit 2, 0.49
for Oconee Unit 1, 0.48 for Ocoree Unit 3, and 0.40 for TMI Unit 1, Crystal River
Unit 3 and Arkansas Nuclear One Unit 1.

For the surge line elbows of Davis-Besse Unit 1, the shakedown fatigue was based
on the maximum strain range calculated in the surge line elbows of the lowered
loop plants. The strain range .of che most highly stressed elbow in the lowered
loop plants was cunservatively applied to each elbow of the Davis-Besse Unit |
plant. The remaining fatigue (post-shakedown) for Davis-Besse utilized Davis-
Besse loads and the elastic-plastic finiie element elbow results. Tiis resulted
in a maximum total cuulative usage factor of 0.59. The maximum total cumulative
usage factor for Davis-Besse U'nit 1 occurred in the vertical elbow at the bottom
of the pressurizer, el w A,

Table 3-1 on the following page gives the resulting Total Cumulative Usage
Factors for all elbows (see Figure 3-1 and Figure 3-2) and highlights the maximum
values for each plant.

3-8
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Bl SURGE LINC ELBOWS |
E1bows s==> Elbow A Elbow D Elbow £
Oconee Un.* 1 0.13 0.38 does not
(4 elbows) app]y,__q
Oconee Unit 2 0.13 0.39 does not
(4 ell Jws) apply.
TMI Unit 1 0.10 0.33 does not
(4 elbows) apply.
Cr. River Unit 3 0.10 0.33 does nol
(4 elbows) apply.
ANO Unit 1 0.10 n. 33 does not
(4 elbows) apply.
Oconee Unit 3 0.13 0.38 does not
(4 elbows) L : apply.
Devis-Besse Unit 1 0.5 | 0.44 v.1% 0.33
55 e1bows!
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Figure 3-1 Surge Line Mathematical M
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Figure 3-2 Surge Line Mathematical Model
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4. SUMMARY OF RESULTS
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PITUI ST STEUTISUSSSOCUTILIN NI IEROSSITT

%
E1bows ===> Elbow A

Oconee Unit 1 0.13
(4 elbows)
Oconee Unit 2 0.13
(4 elbows)
TMI Unit 1 0.10
(4 elbows)
Cr. River Unit 3 0.10
(4 elbows)
ANO Unit 1 0.12
(4 elbows)
Oconee Unit 3 0.13
(4 elbows) |
Davis-Besse Unit 1

155 elbowsz

Elbow D Elbow E
0.34 0.38 does not
apply.
0.35 0.39% does not
apply.
0.29 0.33 does not
apply.
0.29 0.33 does not
apply. i
0.29 0.33 does not
apply.
0.33 0.38 does not
apply.

The elbows are shown on Figure 3-1 and Figure 3-2.
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£ The American Society of
Sa2er 1ng Slanisies U)Y spechanical Eaginesrs

S3h e 15 Baraad
48 5 : . 78¢

JHS =18 3
New York N 10017

March 26, 1992

Donaid F. Landers

President

Teleyne Engineering Services
130 Second Ave.

wattham, MA 02254

Subject: Section lil, Division 1, NB-3228 4

File #: NIg2-8

Refersnce: Your letter dated Jecember 30, 1991

Dear Mr, Landers:

Qur understanding of the questions in your inquiry, and our reply, is as follows:

Question: In demonstrating shaxkecown in accorcance with NB-2228.4(D), « res the expansion stess
criterion of NB-3222.3 need tc be satsfied?

Repty: Pics
Very truly yours,
=
%\
Christian Sanna
Assistant Secretary, Boiler 4 Pressure Vessel Committee
(212) 8054708
A-4
IME * g ey * LRl i » $oave Quite aves MgAl Jract e g .



