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Docket Nos.: 50-361/362

APPLICANTS: SOUTHERN CALIFORNIA EDISON COMPANY (SCE)
SAN DIEGO GAS AND ELECTRIC COMPANY (SDGAE)
CITY OF ANAHEIM, CALIFORNIA (ANAHEIM)
CITY OF RIVERSIDE, CALIFORNIA (RIVERSIDE)

FACILITY: SAN ONOFRE NUCLEAR GENERATING STATION, UNITS 2 AND 3

SUBJECT: SUMMARY OF SAN ONOFRE MEETING ON CONFIRMATORY ANALYSIS
OF PIPING SYSTEM DESIGN

On July 21, 1981, members of the NRC staff met with the applicant in Bethesda,
Maryland to discuss the above subject. Attendees at the mee*ing a»e given
in Enclosure 1. at the meeti lic

iven in Enclosure 2. In a ormation presen n Enclosure 2,
!ﬁi‘lﬁp11c¢ﬁ!§"1ﬂ!§3 that the spec1f1c piping system analyzed (the shutdown
cooling system. or SDCS) is representative of other safety-related piping

e NSSS. This conclusion is based on the fact that the
of safety-related piping systems attached to the NSSS

* Therefore, the results of the SCDS analysis are applicable
se systems. Further, the applicants stated that consideration of pipe
support flexibility will not significantly shift the riping frequency into

the range of the amplified building response spectra.

“Reo-

Harry Rood, Project Manager
Licensing Branch #3
Division of Licensing

cc: w/enclosure
See next page.
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ENCLOSURE 1

ATTENDEES aue 19 18
SAN ONOFRE 2 and 3 MTG - 7/21/81

NAME ORGANIZATION

H. Rood NRC/LB3

A. Caprpucct NRC/MER

M. Hartzman NRC/MEB

H. Fleck ETEC

Bob Bosnak NRC/DE/MEB
Derrick Mercurio SCE/Licensing

2. L. Cloud Consultant to SCE
R. P. Ellis Bechtel-Plant Design Staff
Salah Mohamed Bechtel/S0 2&3
Ed. Richardson Bechtel

L. G. Hersh Cechtel

H. L. Brammer NRC/MEB
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CONFIRMATORY ANALYSIS r auG 19 1981

OF PIPING SYSTEM DESIGCN ‘?

FOR SAN ONOFRE UNITS 2 & 3

JNTRODUCTION
The NRC engaged ETEC to perform an independent analysis of one of the ptpln.

systems for San Onofre Units 2 & 3. ETEC's charter was to perform a confirm-

atory snalysis utilizing the SRP criteris and snalytie techniques.

The piping system selected for this analysis waes the shutdown cooling system
from the containment penetration to the reactor coo.ant system hot leg (See

Figure 1).
Bechtel provided ETEC with the svstem design specification, response spec:ira,
histogram of temperature and preseure conditions, ifsometrics and as-built sup-

port configurations.

ORIGINAL DESIGN BASIS

The design basis and snalytic techniques utilized by Bechtel are summarized in
the SAR in Section 3.9.3 and Aopendix 3.7B. The three issues of pacticular
cencern are the seismic modal response combinstion technique, the method of
wodeling supports, and the approach for accommodsring multiple support excitation.
For seismic modal responJe combination, the square root of sum of squares (SR3S)
techoique was used (Paragraph 3.7B.5.1 of Appendix 3.7B). FPor support modeling,
the Rigid Support Methud was used with the design of the support structure

being limited by a deflection criteria. Mechanical snubber supports were also
modeled as rigid supports (Paragraph 3.9.3.4). Multiple support excitation was
accommodated by providing s single syeism support response spectrs which enve-
loped the various indeperident asupport response spectra (Paragraph 3.78.3.3

of Appeadix 3.78).
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ETEC ANALYSIS

ETEC has performed their analysis utilizing the Regulatory Guide 1.92 seismic
modal response combination technique (absolute summation of closely spaced
modes), considering snubbers to be flexible and structural steel supports
rigid, and using each of the various separaie support response spectra inde-
pendently but applied to all system supports simultaneously. ETEC's position
on the use of flexible snubbers is based on an ancillary statement in the pro-
ject SAR which states "Where necessary, the snubber spring rates are incorpo-
rated into the analysis”. The purpose of this statement was fo cover a one
time application of snubber flexibilities in the analysis of seismic anchor

motion for the main steam line.

An additional item included in the ETEC analysis was the use of final as-built
support configurations. This resulted in the identification of three eccentric
snubber installations which were not included in the original Bechtel analysis.
This is not unusual in as much as at the time of the initial analysis the
actual system supports have not been designed. Many times, during the detailed
support design and/or installation procedure, variations in design concept are
dictated by physical conmstraints witliin the plant. These variations are sub-
sequently evaluated by the analyst for their impact om local stress conditions
as well as ovarall system response. Such variations can have a significant
influence on local stress conditions, and in all cases a detailed local anal-
ysis is performed. However, for the as-built changes judged to be significant

to the overall system response, a system reanalysis was performed.

One final difference between the two analyses is that the Bechtel model includes

all tributary or branch line and one blind flange which were all excluded from
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the ETEC model. This is judged to have little overall affect but results in

some variation in system response characteristics.

ETEC's analysis coneidering as-built support configurations, Regulatory Guide
4 AaDTT T S ey,

1.92 combination techniques, snubber flexibilities and the NSSS nozzle response

spectra results in 2 elbows being overstressed and 9 snubbers exceeding rated
e ——

capacities for DBE conditions.

DISCUSSION

A parametric study to determine the influence of the various alternatives in
analytic approach indicated that when the response spectra was decoupled to
accurately model support eicitation, the inclusion of support flexibilities had
little affect on the overall system response. This is consistent with various
studies reported in the literature which conclude that piping systems and sup-
ports designed by either the F’gid Support Method or the Flexible Support Method
would be adequate to resist the predicted response patterns during a seismic
event “without any anticipated failures being predi~ted using either analysis

tcchniqu.'.(l)

The reason for this conclusion rests with the particular characteristics of
the response spectra used in this analyeis as shown in Figures 2 through 10.
The typical building response spectra is characterized by a single band, low
frequency, high amplitude response between | hz and 4 hz, a secondary moderate
amplified region between 4 hz and 12 hz and little or no amplified rec.onse
above 15 hz. On the other hard, the NSSS nozzle interface response spectra
exhibit a secondary amplified response region of between 2 to 6 times “he ZPA

levels between 14 hz and 25 hz.
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Clearly, utilizing a single enveloped response spectra (Bachtel Approach) or
NSSS response spectra applied to all support points simultaneously (ETEC
Approach) unduly penalize the results since the point of application of the
NSSS response spectra .s in fact limited to the single nozzle interface and
its degree of influence is greatly reduced as you move away from this inter-
face point. This phenomenon is further accentuated by the fact that as sup-
port flexibilities are introduced ints the apalysis the overall system fre-
quencies are reduced, thereby increasing the number of system frequencies

which could interact with this secondary amplified region.

The incorporation of onl) the snubber flexibilities into the analysis for this
system is inappropriate since the stiffness characteristics of the remaining

system supports are of the same order of magnitude as the snubber stiffnesses.
Therefore if snubber flexibilities are to be included in analysis, all support
flexibilities should be included for consistent methodology. The significance

of this fact can be seen in Figure (9).

The parametric study also showed that incorporation of Regulatory Guide 1.92
modal response combinaticn criteria or as-built support configurations into
the analysis had significantly less affect on the total system response than
the use of snubber/support flexibilities in conjuntion with the application of

& response spectra with the NSSS spectral shape at all support points.

The following additional conservatisms in the original initial design analysis
should also be taken into conaideratio;:
1. Defined Allowable Stress Level

The original piping system design was based on an allowable stress level

of 1.80 Sh for equation (9) of NC and ND-3600 of the ASME Code for the



DBE condition. Code Case 1606, applicable to all projects since June 1974,
specifies an allowable stress for the DBE condition of 2.4 sh. This means
that an inherent 33 percent margin exists in the original design.

Use of 2X OBE Response ac DBE Response

In general, DBE responses were taken to be twice the calculated OBE response.
This is conservative since the DBE ground motion iaput level is twice the
OBE input level while at the same time the associated IBE damping levels
(soil-structure interaction, structural and subsystem) are also higher.
Therefore the resulting DBE responre would be less than twice the corre-
sponding OBE response (Refer to Figure 10). The implication of this con-
servatism 1s a minimum of 10 percent additional margin in the original
design and a potential range as high as 40 percent depending upor the sub-
system damping and the applicable frequency range.

Thermal Stresses

Assuming rigid supports in a thermal enalysis results in higher thermal
loads than when support flexibility is considered. If actual support
stiffnesses are included in the model, deflection of the support would
occur and the resulting load would be reduced proportionally. Also
thermal analyses generally use the design temperatures which would re-
sult in higher loads than would be obtained if maximum operating tem~-
peratures were used,

Seismic Anchor Motions

Seismic anchor motions are typically established for the worst case
combination of anchorage attachment points on adjacent structures. This
results in an overstatement of the stresses and support loads resulting
from seismic anchor motions. Consideration of actual support flexibili-
ties would further reduce the stress levels and support loeds resulting

from seismically induced differential building motions.



In order to present the conclusions of the parametric studies several figures
are included to summarize these results. A comparison of the design bases
used in the state of the art analysis to those used in either the original
project analysis or the ETEC confirmatory analysis are provided in Figure li.
In brief, the srate of the art analysis utilized as-built support configura-
tions, Regulatory Guide 1.92 combination techniques, support flexibilities
for all supports and independent multiple support excitation techniques. The

results of this analysis are presented in Figures 12 through 17.

CONCLUSIONS
ETEC's confirmatory analysis utilized a different approach and results in

different answers. A reanalysis using current day state of the art techniques

show that ETEC's analysis cverstates the actual stress conditions. This re-
A ——— e

snalysis further shows that all the ASME portions of the shutdown cooling sys-

‘tem, both piping system and supporis, meet the specified dcoi;g criteria. Two

small snubbers on a connected none-safety related ANSI B31.1 line have design
loads slightly in excess of rated capacities. The worst of these is a 184 1b.
overload of a 2100 1b. capacity snubber., Stresses in the associated ANSI B31.1

line and all other supports and snubbers meet the specified design criteria.

The principal factor influencing the differences in results between the original
analysis and the ETEC confirmatory analysis is the application of the NSSS nozzle

response spectra simultaneously at all support points, which is excessively conser-

vative. Incorporation of Regulatory Guide 1.92 modal response combination techniques

or as-built support configurations or the incorporation of sanubber flexibility

ecch have significantly less influence on the total svstem response.
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The results of the state of the ar® analysis of the shutdown cooling line would

be applicable to #11 other ASME piping systems attached to reactor coolant sys~

tem because of the follcwing reasor.: -

1.

2.

3.

5.

The same design basis and analytic techniques were used for all ASME
piping systems.

Similar margins to allowable exist for all ASME piping systems. {i.e. lo-
calized waxinum primary stresses have 10 percent or more margin to allow-
able whereas in general the primary .~ stresses have 40 to 60 percent
margin to allowable.

Seismic stresses typically rcprcncnf less than 10 percent of the total
pléin; system primary stress and in all cases less than 30 percent of the
total piping system primary stress. Therefore variations in seismic
response levels of the magnitude shown have minimal effect on the overall
piping system response levels.

Structural steel supports tend not to be affected by vafintiono in anal-

ytic assumptions due to the self compensati 1 diastri-

bution i.e. high support stiffness results in higher thermal loads and
o ———————

lower seismic loads while lower support stiffness results in lower thermal
loads and higher seismic loads.

A8 shown in Figure 17, the imposed loads on the large highly loaded snub-
bers changed very little between the original analyeis and the state of
the art analysis. Further, the large snubbers all have significant mar-

gins to rated capacity.

As is clearly shown by Figures 14, 15, and 17, the stresses and loads developed

[

by a "Sl"Jlilil of the nrtl.naljlio using consistent methodology differ but

little from the loads and stresses calculated in the original design analysis,.
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Therefore, the results of this work Serve to verify the original analysis. -~

In cml-uion,tln specified design for the San Onofre Units 2 & 3 project is

sufficient basis to assure public health and safety under zll credible design

basis events.

o
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SAN ONOFRE 2 & 3

| s o e a— e —
SUMMARY OF CRITERIA AND ASSUMPTIONS
BE CHTEL ETEC STATE-OF-ART

PRESENT DAY CRITERIA

Support |All snubbers and structrual |Considered minimum stif-|Considered minimum stiff-
and steel supports assumed rigid.|fness of snubbers (sup~ [ness of snubbers (supplied
Snubber plied by vendors). All |by vendor). All structural
Sctiffoness structural steel sup~ steel supports used actual
ports assumed rigid. stiffness.
Seismic |[Square Root of Sur of Squares|Absolute sum for closely Absolute sum for closely
Inertial |(SRSS) of all modal responses|spaced modes only. SRSS|spaced modes only. SRSS
Modal of balance of modal re~ |of balance c{ modes with
Response sponse with Pseudo modes|Pseudo modes created by
Combina~- created by absolute sum.|absclute sum. (Reg. Guide
tion (Reg. Guide 1.92) 1.92)
Spectrum |[Envelope of the building and |Separate Building or Re~|Used two spectrum curves,
Curves the Reactor Coolant System actor Coolant System one for RCS interface and
Used in |spectrum curves. Spectrum Curves applied |the other an envelope of
Seisaic indepentently to all building spectrum curves.
Inertial supports (worst case The absolute sum of the two
Analysis considered). responses is used.
Damping |[R.G. 1.61 damping values used|{R.C. 1.6]1 damping values|R.G. 1.6]1 damping values
Values for OBE. For DBE, the OBE used for OBE or DBE as [used for OBE and DBE. How~
Used in |load values were doubled applicable. (DBE NSSS |ever, no DBE spectrum curve
Inertial |without consideration of not considered) is availiable for the RCS
Seismic |higher damping. and accordingly double OBE
is used wirh lower damping
than allowed b’ R.G. 1.61.
Thermal, |Assumed rigid supports. Utilized .:iffnesses as |Utilized stiffness as des~
SAM described above. cribed above.
[ 0
Analyses
Eccentric|Are not considered in the Are considered in Are considered in model.
Snubbers [model. Local stress check model.

is nerformed at interface.
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Mr. Robert Dietch

Yice President

Southern California Edison Company
2244 Walmut Grove Avenue

P. 0. Box 800

Rosemead, California 91770

Mr. D. W. Gilman

Vice President - Power Supply
San Diego Gas & Electric Company
101 Ash Street

P. 0. Box 1831

San Diego, California 92112

cc: Charles R. Kocher, Esq.
James A. Beoletto, Esq.

! Southern California Edison Company

2244 Walnut Grove Avenue
P. 0. Box 800
Rosemead, California 91770

Orrick, Herrington & Sutcliffe
ATTN: David R. Pigott, Esq.
Counsel for San Diego Gas & Electric Company &
Southern California Edison Company
600 Montgomery Street
San Francisco, California 94111

Mr. George Caravalho

City Manager

City of San Clemente

100 Avenido Presidio

San Clemente, California 92672

Alan R. Watts, Esq.

Pourke & Woodruff

Suite 1020

1055 North Main Street
Santa Ana, California 9270)

Lawrence (. Garcia, Esq.

California Public utilities Commission
5066 State Building

San Francisco, California 94102

Mr. V. C. Hall

Combustion Engineering, Incorporated
1000 Prospect Hi11 Road

Windsor, Connecticut 06095
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Mr. Robert Dietch -2 -

Mr.

D. W. Giiman

Mr. P. Dragolovich

Bechtel Power Corporation

P. 0. Box 60860, Terminal Annex
Los Angeles, California 90060

Mr. Mark Medford

Southern California Edison Company
2244 Walnut Grove Avenue

P. 0. Box 800

Rosemead, California 91770

Henry Peters

San Diego Gas & Electric Company
P. 0. Box 1831

San Diego, California 92112

Ms. Lyn Harris Hicks

Advocate for GUARD

3908 Calle Ariana

San Clemente, California 92672

Richard J. Wharton, Esq.

Wharton & Pogalies

University of San Dieg- School of Law
Environmental Law L1iric

San Diego, California 92110

Phyllis M. Gallagher, Esq.
Suite 222

1695 West Crescent Avenue
Anaheim, California 92701

Mr. A. S. Carstens
2071 Caminito Circulo Norte
Mt. La Jolla, California 92037

Resident Inspector, San Onofre/NPS

c/o U. S. Nuclear Regulatory Commission
P. 0. Box 4329

San Clemente, California 92672




