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1.0 INTRODUCTION

1.1 Background

In mid 1982, the San Onofre Nuclear Generating Station Unit § (SONGS 1) was
shut down for upgrading of safety-related structures, systems and components
to resist seismic loadings developed for the SONGS 1 aeisaic reevaluation. In

- 1984, the plant was allowed to return to service for refueling cycle, during

which further upgrading was to be planned and prepared for by the licensee,

In a meeting with the U.S. Nuclear Regulatory Commission (NRC) staff on

February 12, 1985 (Ref. 1), and through a letter dated March 12, 1985 (Rer.

25. the licensee (Southern California Edison Company) proposed their criteria

and analysis methodology for the Long Term Service (LTS) upgrading to ensure
adequate seismic design margins for those safety-related structures, systems

and components in the plant. A technical evaluation of the licensee's

proposed plans is needed in order for the NRC to reach a Gecision regarding -
approval of the Full Term Operating license for the plant. h

Assessment of technical adequacy.of the licensee's proposed LTS criteria and
analysis methodologies are given in the following three areas:

'1.

2.

Soil-structure interaction analysis.

Direct generation of floor response spectra accounting for the
interaction effect between the supporting structure and piping
systems considered in the spectrum generation, and the application
of the generated floor spectra to the response analysis of a

secondary system within the supporting structure with the response
spectrum method of analysis.

Modal and directional response combinations for the response

analysis of the secondary system with the response spectrum method
of analysis.



: ,;.'.-Il:_‘i_}‘_?- Ca e S g --v'?;;'_:.é'.:ce",‘.‘_;g-;-‘,-'e;:‘

1.2 Criteria of Review

-~

'SONGS 1 13 one of the NRC designated Systematic Evaluation Program (SEP)

plants.uhich was not designed to current codes, standards and NRC require-

aents.

It is therefore neceasary to perforam "more realiatic® or "best

astimate™ assesspents of the selsaic capacity of the facility and to consider

any conservatise associated with the oxistiné design. For the purpose of the

SEP plant aeismié:review, the NRC developed a set of review criteria and

guidelines, as follows:

NUREG/CR-0098, ®"Development of Criteria for Seismic Review of

'Selected Nuclear Power Plant,* by N. M. Newmark and W. J. Hall,

May, 1978.

®SEP Guidelines for Soil-Structure Interaction Review,"™ by SEP
Senior Seismic Review Team, December 8, 1980.

Letter from W. Paulson, WRC, to R. Dietch, SCE, *Systematic
Evaluation Program Position Re: Consideration of Inelastic Response
Using NRC NUREG/CR-0098 Ductility Factor Approach,® June 23, -1982.

Letter from W. Paulson, NRC, to R. Dietch, SCE, "SEP Topic III-6.
Seismic Design Considerations, Staff Guidelines for Seisaic
Evaluation Criteria for the SEP Group II Plants,™ July 26, 1982.

(Revision of Criteria (d) above, to be issued.) For cases that are
not specifically covered by the above criteria, the following SRP

sections and Regulatory Guides are used as the basis for our review:

1. Standard Review Plan, Sections 2.5, 3.7 and 3.8, 3.9 and 3.10.

2. Regulatory Guides 1.26, 1.29, 1.60, 1.92, 1.100, and 1.122.

In the event that the licensee's proposed methodology and criteria deviate

from the aforementioned review criteria and guidelines, we have reviewed,

-3..




based on 6ur experience and best cnglnoorxnx Judgment, the Justifications
presented by the lioenase. Ub resoognize that plant specific deviations on a
case-by-case basis may de nooesaary and may de found acceptable 80 long as
they reasonabdbly meet the fntents of the SEP review guidelines.

This technical evaluation report {TER) presents our conclusions on the
technical adequacy of the methodology proposed by the licensee for Task 3,
directional and mcdal response combination in the response analysis of
secondary systems. Our assesasment is accomplished by reviewing the pertinent
theory, methodologies, oomputer codes, and the licensee's planned applications
to SONGS 1. To help substantfiate our assessment, we also designed a test
problen that compares the solution from the iicensee's proposed methodology
with the solution from certain other lethodology.

Section 2.0 discusses the licensee proposed methodology and associated
‘computer codes. Section 3.0 describes the test problem and resulta of the
comparison between the proposed and the independent methodologies. Section
4.0 presents our éonclusions. Details of the test problem and ahalysis
reaults are provided in Appendix A. Additional analysis results from Impell
Corporatlon are included in Appendix B.

2.0 DISCUSSION OF LICENSEE'S PROPOSED HETHODOLOGY

2.1 Methodology

For the analysis of the piping systems, the licensee proposed two options for
the response calculation and response combination as explained in the
following:

Option A —- The piping System is analyzed once using a single envelope
spectrum input, which envelops the floor response spectra at all support
locations. The CQC (Complete Quadratic Combination) method developed by
Wilson et al. (Ref. 3), is proposed by the licensee to perform the combination
of modal responses (Ref. 4). The CQC method was derived based on the random
vibration theory with the assumption of a stationary white noise input. The
method calculates the maximum combined modal response considering the

-y -
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correlation between modes and the algedbraic sizn: of the modal reaponses. As
an illustration, the CQC sethod combines the responses from two modes, R, and
Rz. as follows: ’

The correlation coefficient, c,z. is a function of thernodal damping and
frequencies. For two very closely spaced modes, the correlation coefficient
approaches 1.0 and the ocombined Fesponse approaches the algebraic sum, f.e,,
R,*RZ. For two modes having frequencies far apart from each other, the
correlation coefficient approaches zero and the combined response approaches
the SRSS of the modal responses Ri© < RZ .

Option B — The piping aystem is analyzed by the multi-level response spectrum
(MLRS) method implemented n SUPERPIPE. In other words, the piping system is
analyzed as many times as the number of support levels. In each analysis,
only supports belonging to a support level are subJected to the correapondihg
floor response spectrum. |

For each mode in each earthquake direction, the responses from all level
analyses are then combined by the absolute sum method. The final result is
obtained by combining modal responses and directional components according to
the Regulatory Guide 1.92. ’

- For the methodology of Option A, the acceptability of the CQC method for the

modal response combination is assessed in this TER based on the results of the
following test problem. As to our understanding, the proposed CQC method is
not suitable for modes of high frequencies because the CQC method does not
take into account the fact that the higher the modal frequencies, the stronger
the correlation between modes becomes.

The acceptability of the methodology, Option B, is addressed in Reference 5.



3.0 TEST PROBLEM

The test problem was designed to assess the acceptability of the theory of the
CQC modal comdination method and its computer code 1-plenen1ation. In order
to achieve this goal, we ocalculated the piping responses dy uslng the time
history analysis method and the response spectrum method with the CQC modal
combination technique. The tipe history analysis method is acceptadle to the
NRC. The response spectrum method using the cQCc nodal combination techniques
was intended to gain further confirmation with the code 1lplenentatlon of the
licensee proposed CQC modal combination.

3.1 Description

A piping model selected from the Zion Nuclear plant was analy>* to test the
* CQC method. The piping aystem is shown in Fig. 1. The figur so indicates
the locatlons where the resultant moaments uere nalculated for the comparison
utudy. The detajled description of the test ; ;em is {n Appendix A.

"Both the licensee and we calculated the piping resultant moments and support -
reactions independently by the response apectrum method of analjsis with the
CQC method of the modal combination. In addition, we calculated the same
response quantities using the time history analysis.

The comparison of the results {s discussed below.
3.2 Results

Table ' summarizes the statistical mean and standard deviation for the
resultant moment and support force ratios between the licensee's analysis
(Ref. 6) and NCT's time history analysis. Thirty-one resultant moments and
twenty-four upport forces were considered for each direction of earthquake
input. Table 2 summarizes the corresponding statistics for the ratios between
NCT's response spectrum analysis using the CQC method for modal combination
and time history analysis. The results of Tables 1 and 2 show good agreement
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and are in line with othar publichez comparison results between the CQC
rssponse spectrum analysis methoc¢ and the time history analysis method (Refs.
3 ana ®).

§.0 CONCLUSION
The methodology proposed by the licensee for the modal (CQC) response
coabination in the onvelope response spectrun method of analysis appears

sufficient.
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FIGURE 1  RHR Piping Model, Problem II
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. APPENDIX A
DETAILS OF TEST PROBLEM ANALYSIS _ _

A.1 Problem Description

This problem involves the testing of the CQC modal combination method by
analyzing the residual heat removal and safety injection piping systea (RHR)
of the Zion nuclear plant. For this problem, a listing of SAPA input files
presenting the geometry and properties of the RHR piping system is given in
Tadle A.i. An isometric view of the piping system is shown in Figure 1. The
figure iﬁdicateb the locations where the output resultant -omenté are to de
determined by both licensee and NCT Engineering for comparison study. Table
A.2 18 a 1listing of output locations of thg pipe moments. Thirty-one
resultant soments and all twenty-four aupport,rorces are considered in each
direction of earthquake input. In addition, 3% modal dampings are used for
‘both response spectrum analysis and time history analysis.

A.2 Lieensee Analysia

The licensee is 1nvolved in the calculation of piping resultant moments and
support forces for the RHR piping system using the CQC method for modal
response combination. The program’SUPERPIPE is used to perform the response
spectrum -gthod of analysis. In order to obtain equivalent compariaon between
the results from SUPERPIPE and our analyses, the licensee has performed this
task using the CQC method for modal combination without the consideration of
missing the mass effect from higher modes.

. The seismic input is a 3% damping horizontal and a 3% damping vertical floor
spectra. The same horizontal spectrum is used for the two horizontal
directions. Plots of input spectra are provided as shown in Figure A.1 and
A.2. The piping resultant moments and support forces are calculated for each
of the three earthquake inputs. The directional combination among the
components is not performed. The results from the licensee using the CQC

method for modal response combination are as shown in Table A.3. °~

A.3 NCT Analysis
In the analysis performed by NCT Engineering, the same RHR piping model is

analyzed using the SAPY time history method of analysis. The seismic input

-1 -
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contains a horizontal and a vertical floor time history corresponding to the

. spectra shown §n Figures A.l and A.2. The same horizontal-time history 1a

used for the two horizontal directions. Plots of time history inputs are
provided as shown in Figures A.3 and A.4. The resultant moments and support
forces calculated using the SAPH time history analysis are shown in Table

A.3. In addition, NCT Engineering also calculate the piping resultant moments
and support forces by the response spectrum analysia using the CQC method from
RESCOM for the modal response combination. The input spectra are identical to
those provided to the licensee as shown in Figures A.1 and A.2 in each
earthquake direction. A comparison study among the three aets of response,

>name1y. the licensee CQC. the NCT CQC, and the SAPA time history results are

discussed in the text. The statistical means and standard deviations of the
response ratios of the licensee CQC to time history and the NCT CQC to time
history are shown in Tables 1 and 2 in the text.

- 12
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TABLE A.2

. : Output Locations of Pipe Moment Resultants
KNo. Pipe Element No, * Node No. *

E 1 1 5
B 2 3 6
K 3 4 8
g 4 6 9
Ej 5 9 12
i 6 1 © 15
- 7 14 17
8 15 18
5 9 - 16 19
10 17 o 21
11 .19 22
12 20 ' 23
13 21 25
- ‘ '14 22 26
. - 15 aa 28
16 28 32
| 17 32 35
- ‘ 18 33 36
19 34 38
20 36 39
21 39 42
- 22 42 | 45
23 44 48
24 47 50
25 51 55
26 54 57
27 57 60

28 60 25 )
29 61 67
30 62 68
31 66 73

. *Refer to the SAP4 input listing of the RHR model.

- 17 -



PROJECT

comrsreoey ). O

SUBJECT
ORCXEDBY

NCT EN NEERING

Wmm

[T NN S e

e

oate £[16[85 .. —

TABLE A.3  RHR PIPE nonm Reéumms (uufr = §-FT) - B -
NP4 ] - wopl. pR Y- VERT. PIR. "~ - HOR? PIR.
R S R g I e g e
VLT e 134 1w | e [z 396 | 392 [no)
2| 59| 418 (138 435 | 168 [0 | 2hv | 348 |pq
4| 4% | 330 115611414 138 - {.07 169 1- 33-| o086
e| #o | 460 i) uso | w2 | iis| a7 | 52 [gar
- 1] %41 6% (of2]| 194 | 144 | 1oo 219 1 130 | 122
] ose | oo 1o | aor | 1z | e 195 | 631 | 115
14 _.“62 a7 [ 12T 114 | 140 | 14| §fr ;. 137 .20
" 15| 108 1085 (102 | a0 | 23| 102] 452 | 562 pgo
a | €| 1ol 1o ftoo| “4a8 | 433 049 40] | 435 | p94
* ‘ | 3363 2404 |099] 156} 1141090 4911 43¢ 1.3
19 1eT| 1420 |o.f2]| 450 2071 084] 331 394 | 0.84
|20 i4fo| 1o3[ogT| elo | e82]089| 265 393 | 043

dh| 2510 TKE|0%1 | A4 | arp 299 463 - Flp | oo

~ et 6RTY 1398|089 2801 | 2104 | 090 T g4 | 149
24 | 17090 149511082 6018 “Ael] 1o) lfé‘ui 1990 | 046

25‘ 5948 038 0.83 | 1615 24151 108! qp4 , 114 | 1.96

22 | 4548 4477)0.83 204 | 2141 o.%’; %75 lo|§ | o4z

2| AL 6uEi083) vag | 1441 098] 1014 | 10ap | 0ar

=4 446;3,; 9463, 082 | 2166 | 2060 ke2] 1037 - 6o | 0.9

. 76 4318! 80856 1146 1152 1.04 |26'1£ 1395 | 09|
231 1957 5638|081 2555 | 358/| paq| 1012 1279 | 0.79

42| az| 1090931 4135 ga40l nal wer | ol .




T

PROITCTY
CONMPUTED BY

-501469

0.

£H.

o—

NCT ENGINEERING
sunsect 0B oML bars LELD
CHECKED BY

P T e R

MEAN

M

STANDARD peY. &

(oY

-19 -

2774 Y- HoR?. DR Y VERT. PR, |~ T-HopZ.»R.
m’. ol JZ?TH. IIC{.H. "Z‘a‘é 1.::;1T~$T % "'fgcu 1;; Iw'if 'gr&'rcl;
44 | 841% | 10650 | 0.80 | 4056 | 3913 | 104 1641 | 1148 094
471 1638 | 1boT102| 909 | #61 |1.0b] 30 | 286 |01
a1 | 255 1599]0a8 | 1516 | 1516 {101 633 | s | 013
G4 | 45| 46510811 3| 355 loM| 4% | 198 | 015
51| 455| 6%0|1.40| 1217 | 1409 | 093] 223 | Jo6¢ | ot
6o | 2746 | 41t4|0.88| 1510 1648 | 092 1099 13%'0.82
405 | 2607|042 1058 | 1060 [1.00| €14 | 939 |0bb
67| 18711| 2249|086 nd2| nTe|{0a8| 613 | iz |e.e]
66| 4%0] 1938|126 1161 136) )] 04T 192 (0T
X = L.olB ° Y = o1 T - 0433
& = 0.29| < = 0.0971 & = 0.19]
(ov: = 0.148 o = 0-0%6 COVe = 0.194



] ' NCT EN NEERlNG
ma__ﬁndfﬁ._ susJECT

comrvroay L), € cucexeony _<ppnR] FORCES pat .:q'.ﬁ REV. ___
EABLEA3 RHR SUPPORT FOPCES (UNIT = LB) ‘
¥- HORT. DiR. Y- izl PR ~ Z-Ho. PIR.

e [ mee | wol [ese] e | et @ | | MeT [
| 36 | 54 e a6 | i [e8f| 14 | 64 |249
T )| ABT14] 13 | ug]to9]| £2 | 161 108
3 | 604 | 440l a7 94| 66 |109 £15 | 4140 |11
4 | 59t | 619.1| 093] 2717 | 2565 | 1ob] 270 | 217.1|0.85 |
51119 | 659|212 30U | 3142|093 % | 498|251
6| 1av | 1913 | too| §5 | a4e|0d0| 503 | 6992|033)
1| 8o | ne3 {o15] 141 | 2948 | 1o1| 220 | 2146|045
| 287 | 1o |16q] 194 | meq |47 A | 115|406
4 | 43 013|141 81| 533|151 263 | 2685|099,
0] 298 | 28 |0aa| 149| kAl | 0a4| 435 | 511|034 |
| R | 49831105 | 46 | ol | 43| 290 | 15| 135
2| 217 1913 1.5 ap 19 | 130 108 | 1h18|ofv
121 51191 2151089 | 14L | 1893 | 04V| 444 | H1.6{084
4| 186%| 1T1010al| 66| 1053|108 190 | 1FA6| 119 .
15| i41T| 2204|064 60T | & boT| 164 | 239|084
161 1991 ¢A.6' 091 | 294 | 2585|099| 281 | 4u8|3% |
11 1609 22020073 | £65 | £125] 09| 145 | 2005 | 082
8| 404 | a314007] 220 | 2403|091 466 | 4149|084 |
9| 1| lwo4 ol 616 | 24|99 16| 1937 ¢
(/) 169 | 1245(1%% 47 gb.2| 147 1oTo | 1303 D.?v_:
21| 1522 1111 240 | b AL | 1.04] 282 | 1963 "'Oi
27.1 a1l 222611400 a1l 29951 nqul -5 | 20 ;;5/;‘




gy T e R A S A e e
i o

U | NCT ENGINEERING
- mm_ﬁléfzﬁj__ susct P08 @ CopiPrgsas) Pe/ Q) seerrmo
comruteDsY ___ L) £ CHECKED BY ; omdzw REV. ‘

—

TABLE A.3 RHR SUPPORT FORCES (UNIT = LB)

- [pp—

5AP4 X-Hopl. PP X- veeT mR ~ T-HoRY. TR,
el e | T

wPEU | NCT JaeC ] et | nceT e C
ND e | T, ‘C’?.H. ¢oc | 1. 1111 coec T4, | 1.A.

23 | 8456 |g945]081] 319 | 3.8 o8| 248 | 6a14|oR
1| W& | B3.6[137] 334 | 5312 01| 135 11.] |0

X = w212 Y = to70 Z = 145

3. = 0.4%5 & = 0499 ¢ = 1016
COV¢« = 0.400 : oy = 0.196 cov; = 0»10’ o
OVERALL  XAY+ T PicTio 11 EuneTs

MEAN r M = '-7’44

STANWVARD PEV , & . 0.619

coy. = 0.54¢6

- 2] -



Acceleration (g)

N

0

10
15
0

Frequency (Hz)

— — -
-l

u .

o e
FIGURE A-1

History 2. Top of Sacrificial Shield (Horiz-XdZ) 3%

- 22 -

N

30

35

40



Acéeleration (9)

~D

-~
—— 2 g v A A v o
- af
- -
- -
/,
- -
t
e oy
/ — T~
S S — 1 A " "

0
5
10
15
20
25
35
40

30

Frequency (Hz)

FIGURE A-2 History 2. Top of Sacrificial Shield (Vert-Y)\3‘z

- 23 -



[0 ] -0 ' .t
Qo (€ () o

e weccms vl v D ons e emd.. .

-

———

4

] .
mnllllsJKc‘o - D ST e - o ve 0w g..-.. .

(¥ 7] (A )

(6) uojjeuaadoy .

BRI AL T

uia:

. [ ] .D

X Ad0ESIN Inig guo)

H

Horizontal Flow Time History

FIGURE A-3

- 24 -



—

@

4
1

-

(=2

. e cwmewaD o e con wo lt.l'lv L 21X _THEY

o

iy

[ ) (@)

HIQ-X AUOLSIH IWLL HOO )

Vertical Flow Time History

FIGURE A-4

- 25 -



APPENDIX B

, . ‘ IMPELL ANALYSIS RESULTS

The Analysis Results data transmitted by Impell for the test problem include:
; o Piping moment resultants for the pipe element specified in the text.

. ° All pipe support loads of the piping model.
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