
TORREY PINES TECHNOLOGY 
P.O. Box 81608 
San Diego, California 92138 
Telephone: (714) 455-2654 

A DIVISION OF GENERAL ATOMIC COMPANY 

GEORGE L. WESSMAN 
Director 

March 24, 1982 

Mr. .D. J. Fogarty 
Executive Vice President 
Southe'nn California Edison 
P. 0. Box 800 
Rosemead, CA 91770 

Dear Mr. Fogarty: 

In our March 16th meeting two questions were raised by the NRC staff that 
I did not answer. The answers are as follows: 

1) How does the use of a factor of 2.5 instead of 1.5, as raised in 
PFR-F032, account for both D (dead load) and L (live load)? 

Answer: f = E'+D+L 

= (D+L) a'+D+L where a' = seismic acceleration = 1.5g 

= (D+L) 2.5 

and D+L = 561bs/ft 

2) Why aren't the calculations for the OBE reviewed? 

Answer: As indicated in the program plan and during the NRC review 
meetings in San Diego, the design review under TASK C is a 
selective review which is added to the reviews done in TASK 
B and TASK A to arrive at the comprehensive assessment of 
the seismic design. The selection criteria used for TASK C 
in general indicated review of the design for the SSE, not 
the OBE In certain cases where the OBE was clearly govern
ing it was reviewed in addition to the SSE. However in this 
case, the design criteria specifically excludes the OBE since 
the SSE requirements are more stringent for the cable tray 
support design.  

Sincerely, 

George L. Wessman 
Project Manager 

cc: Jack Adrian
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POTENT!AL FINDInrG REPORT REvilo S 10_to' 

SONGS 2&3 SEISMIC DESIGN VERIFICATION 

A. A V7 BY GA IN IT IATO 71 0. . .- ~ R---

C ECTED iTE: 
Piping Analysis for Segments 82, 78 

REQUIREME:JT REFERENCE DOCUMENTS: 

Bechtel's PIM Section 14.8, Filing, (Rev. 10 date 3-9-81) 

A - SONGS FSAR 14.2.1 Prerequisite (to startup testing) 

BASIC REQUIREMAENT: 

The original of completed calculations will be retained in the Project 
Calculation file.  

A -Systems shall be complete and verified prior to startup testing.  

DESCRIPTiON OF POTENTIAL FINDING: 

The original of 78 and 82 were not in the files.  

A -Bechtel's coment, C, states that PSG 78 and PSG 82 calculatio:ns are 
under revision by responsible engineer. The -calculations do not meet 
the basic requirement. . . .  

#PARED Y: cDATE: 2-19-82 (Task B Procedural ?es) 
REJECTION OF GA TASK LEADER COMMENTS BY: DATE: 

REJECTION OF ORIGiNAL DESIGN 0RG. COMMENTS 0Y: DATE: 

B. REVIEEW BY GA TASK LEADER COMMENTS 

~ 4 

AGREE PF IS VALID 8 ' DATE' 

REQUEST RE-REVIEW BY DATE 

DISAGREE BY DATE 

REVIEW OF ORIGINAL DESIGN ORGS. COMMENTS BY: ' - DATE:



C. REVIEAN BY ORIGNAL. DESIGN ORGANIZATION COMMENTS 

The subject. calculations -were completed by originator and checker prior to system startup. Group Leader and EGS were amiss in not signing in a timely manner.  

( AGREE PF IS VALID 

O DISAGREE 

BY: DATE: le' 

D. RECOMMENDATION BY FINDINGS REVIEW CO MMNi ITTEE 

DEFINITION ADEQUACY: E ADEQUATE 0 INADEQUATE 

VALIDITY: WVALID 0 INVALID 

CLASSIFICATION: ifOBSERVATION 0 FINDING 

JUSTIFICATION: 

CLASSIFICATION CRITERION NO. RESULTING IN "FINDING" 

COMMENT ON "OBSERVATION" CLASSIFICATION 

BY: DATE: _ _ 

E. GA PROJECT MANAGER 

ACCEPT 

o REJECT 

BY: DATE: & /J~



IMPACT ASSESSME NT 
2408 PFR NO. n 

FFECTED ITEMI: Piping Analysis for Segments 78, 82 

1. IS THERE THE POTENTIAL FOR REDUCING DESIGN MARGINS TO THE EXTENT 
DESIGN ALLOWABLES ARE EXCEEDED OR DESIGN REQUIREMENTS ARE NOT MET? 

N/A 

2. IS THERE THE POTENTIALTHAT THE ITEM MIGHT FAIL OR ENDANGER OTHER 
ITEMS DURING AN SSE ? 

N/A 

3. COU.D THE FAILURE OF THIS ITEM DURING AN SSE CREATE A SUBSTANTIAL 
SAFETY HAZARD? 

N/A 

4. COULD THE PROCEDURAL VIOLATION CREATE A SUBSTANTIAL SAFETY HAZARD ? 

Unlikely 

5. ARE OTHER SIMILAR DEVIATIONS LIKELY TO EXIST ? 

Yes, see PFR F097 

6. OTHER COMMENTS: The procedural violation is caused by an overcheck by Bechtel, 
see Attached telecopies (3/16/82, Part B and 3/19/82). This overcheck activity is 
not covered by Bechtel procedures but should enhance safety.  

PREPARED BY: DATE: 

COMMENTS: 

BY> DATE:



General Atomnic Company 

QUALITY ASSURANCEE DEPARTMEN T 
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Gencral Atomnic Comnpany F 
QUALITY ASSUANCE DEPARTMENT 
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k General Atomic Company 

QUALITY AS:SURA::CE DEPARTMENT 

Rccord of Lona Distance Telenhore Call 
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TO: Mr. Fred Marsh 3/16/82o Page of I 

Bechtel Power Corp.  
Telecopy: 213/946-1644 L. <C 

FROM: Mr. George Wessman 
Torrey Pines Technology 
Telecopy: 714/455-2132 

We are requesting .the following information: 

A. In response to PFR-F073 related to the three subject junction 

boxes and CA coment on the inadequacy of attachment to 

structural steel supports, Bechtel has stated that the 

rigidity is shown to be adequate, etc. as shown by their 

calculations.  

-1. We need copies of Bechtel calculations related to the 

adequacy of supports for the following junction boxes.  

a. 2XB5RZTDO3 
b. 2B34RZT03 
c. 2AB 5RZTBO3 

B. To aid evaluation of PFR's please send documentation that 

describes the nature of the current revisions and co.pletion 

W date for the cal culations that are ideintified in ?FR FO24A 

and F097. This documentation should describe current 

revisions to piping analysis for segments 78 .and S2 and pipe 

support analysis for 167, 203, 826, 152, 209, 52, 116, 178, 

93, 77, 466 and 146.  

This documents a verbal request to M. Mitchhart. If practical, 

suggest docuen:s be telecopied to GA to the attention of 

H. C. Hopkins.  

RGW:cc 

-. * *
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POTENTIAL FIiNG REPORT vs R E cV 

SONGS 2&3 SEISMIC DESIGN VERIFICATION 

EPAR2ATIOt SY GA I NTIATOR 

M FFECTED ITEMS: Control Room Panels 2L-71 and 3L-71 

REQUIREMENT REFERENCE DOCUMENTS Quality Class II Specification for Quality Class II 

Panels, Relays, and Devices for the Southern California Edision Company San Onofre GeneratingIC 

Station, Units 2 and 3, San Onofre, California. Specification Number 5023306-1, SCE Number 

3274, July 31, 1975.  

BASIC REQUIREMENT: All SEismic Class I equipment must be qualified by analysis or test 

for the maximum design loading conditions to which it may be subjected.  

DESCRIPTION OF POTENTIAL FINDING: Addendum No. 2 to the referenced specification identifies 

equipment to be supplied by the vendor for field modifications by the Purchaser. Field 
modifications identified on the drawings do not provide for use of all such equipment, -but a 

do identify sbme open spaces. There is no requirement that the panel be qualified for all 

equipment that could be used on the panel during all future field modifications.  

L/, 

PREPARED BY: A. Schwartz DATE: 

REJECTION OF GA TASK LEADER COMMENTS BY: DATE: 

REJECTION OF ORIGINAL DESIGN ORG. COMMENTS BY: DATE:  

B. REVIEW BY GA TASK LEADER COMMENTS 

71 

&--GREE PF IS VALID BY <- DATE 

o REQUEST RE-REVIEW BY DATE 

O DISAGREE BY _ DATE 

0 AEVIEW OF ORIGINAL DESIGN ORGS. COMMENTS BY: DATE:



PAGE 2 PRN 

REV LSil 

C. REVIEW BY ORIGINAL DESIGN ORGANIZATION COMMENTS 

O AGREEPF IS VALID 

O DISAGREE .1xco r 

BY: __ DATE: ____ 

0. RECOMMENDATION BY FINDINGS REVIEW COMMITTEE 

DEFINITION ADEQUACY: Z ADEQUATE 0 INADEQUATE 

VALIDITY: 0 VALID INVALID 

CLASSIFICATION: 0 OBSERVATION 0 FINDING 

JUSTIFICATION: 

CLASSIFICATION CRITERION NO. RESULTING IN "FINDiNG" 

COMMENT ON "OBSERVATION" CLASSIF!CATION 

BY: DATE: AZ 

E. GA PROJECT MANAGER 

ACCEPT 

0 REJECT 

BY:_ _ _ _ DATE: 



POTENT!iAL FNDN R[PORT FEvi sio 
SONGS2&3 SESYuC D ESIGN VERIFICA1FIlC 

REPARATION EY GA IT0ATOR 

AFFECTED !TEMS: Control Room Relay Panels 2L-71 and 3L-71 

REQUIREMENT REFERENCE DOCUMENTS:Quality Class II Specification for Quality Class II 

Panels, Relays, and Devices for the Southern California Edison Company San Onofre 

Generating Station, Units 2 & 3, San Onofre, California. Specification Number 

S023-306-1, SCE Number 3274, July 31, 1975.  

BASIC REQUIREMENT: All Seismic Class I equipment must be qualified byanalysis or test.  

DESCRIPTION OF POTENTIAL FINDING: Paragraph 4.6.3.5 of the referenced specification states 

that the Purchaser will determine the specific panel configuration to be tested and will 

supply a representative sample of panel mounted equipment to be included in the panel cest 

program.  
1. There is no requirement or information furnished to assure that qualification of the reprE

sentitive equipment can be extended to cover all Seismic Category 1 equipment in tne nanel.  

2, For the resistor sub-panels specified in Section 4.8.6 of Addendum No. 2 of tie specica

ion: 
)there is no requirement f0'o their qualification as part of the panel 2LQ71, nor is h 

PREPARED BY: J RakowskI '* DATE: 

REJECTION OF GA TASK LEADER COMMENTS BY: DATE: 

REJECTION OF ORIGINAL DESIGN ORG. COMMENTS BY: DATE:

B. REVIEW BY GATASK LEADER COMMENTS 

AGREE PF IS VALID BY DATE _ 

O REQUEST RE-REVIEW BY DATE 

O DISAGREE BY DATE 

0 Rnw OR6IAL DESIGN n nRmGS. C MMENTS BY: DATE:



R F\V15 1Cj!' 

C. REVIEW BY ORIGINAL D ESIGN ORGANIZATION COMMENTS 

See attached sheet.  

0 AGREE PF IS VALID 

U DISAGREE 

BY: _ DATE: 3____ 

0. RECOMMENDATION BY FINDINGS REVIEW CO.1MITTEE 

DEFINITION ADEQUACY: O ADEQUATE O INADEQUATE 

VALIDITY: 0 VALID 0 INVALID 

CLASSIFICATION: 0 OBSERVATION 0 FINDING 

JUSTIFICATION: 

CLASSIFICATION CRITERION NO. RESULTING 171 "FINDING" . COMMENT ON "OBSERVATION" CLASSIFICATION 

BY: DATE: 

E. GA PROJECT MANAGER 

O ACCEPT 

OREJECT 

BY: -_DATE:



PFR No. 2408-PFR-058 

D~otion of Potential Findings (Continued) 

b) a required maximum in-panel g-level for separate seismic qualification 
of 

these panels.  

3. There is no requirement in this specification that the vendor mount the 

representative equipment at the cabinet locations having the highest response 

for all of the equipment which it represents. Therefore, this vendor could 

have placed it in a low response region of the structure and met the 

specification requirements while not properly exciting the 
equipment.  

4. There are no requirements for minimum contact chatter duration to be verified 

during qualification testing.



Bechtel Re:ponse 
to 2408-PE-P58 
Page 1 of 2 

References 

Attachments are excerpts from references and have the same number as references) 

1. Spec. S023-306-1 dated July 31, 1975 (Sheet 1 of 2) 

Spec. SO23-306-1, Add. 2 dated Feb. 2, 1978 (Sheet 1 of 2) 

2. Not Used 

3. Seismic Qualification of Relay Panels 2L-71 and 3L-71 NMC Control, Inc. 

S023-306-1-37-1 

4. Procedure for the Seismic Qualification of NMC Control, Inc. (with Field 

Changes 1) Control Room Relay Panels, 27-71 and 3L-71 - S023-306-1-43-0 

Acton Procedure No. 13844 

5. Acton Technical Report "Seismic Vibration Analysis of NMC Controls, Inc.  
Control Room Relay Panels, 2L-71 and 3L-71 (with Field Changes 1)" 

S023-306-1-44-0 Acton Report No. 13844 

6. "Functional Testing of Components Relay Panels 2L-71 and 3L-71" 

S023-306-1-32-0 

7. Spec. S023-306-1, Add. 2 SCN E-02 dated 7/18/77 

8. Component Layout of Panel Load GRP "B" - S023-306-1-34-6 

Responses 

1. Attachment 4, Sheet 8 furnishes the basic requirement for Seismic Cate

gory I qualification. Attachment 3, Sheet 2 shows the panel mounted 

equipment that were tested.  

Attachment 8, Sheet 1 and Attachment 7, Sheet 2 shows equipment that are

actually mounted on the panels. The tested equipment are identical or 

similar to those installed on the panels, and are representative of all 

Seismic Category 1 equipment in the panel test program. Test plan (in

cluding specimen for testing) have to be approved by design engineer prior 
to test.  

2. Attachment 4, Sheet 2 and Attachment 7, Sheets 1 and 3 shows that there is 

such a requirement. Attachment 5 Sheet 1 shows that the resistor panel 

was included in the analysis.  

Attachment 5, Sheet 4 provides the results of the analysis and tests and 

shows the G-level for the resistors.  

3. Attachment 4, Sheet 7, Sections 2.7 and 2.8 shows that there are require

ments for the structure excitation. Attachment 5, Sheet 4 shows that .the 

tested G-levels of the components in the panel at various critical loca

tions are equal to or greater than the response level computed from the 

analysis.



Bechtel F:.; onti 

to 2408-PR-FY53 
Page 2 of 2 

4. Attachment 6, Sheet 2 provides the basic requirements for verifying relay 

chatter. Attachment 3, Sheet 3 provides test procedures and criteria for 

monitoring contact chatter.  

Additionally, the relays with the chattering problem are not installed in 

the safety related sections ("A" and "B") of the panel but are actually 

installed in the non-safety related section (X) which should be excluded 

in the qualification test.  

'3\2 

or~ 

_7 '4 ,-: / 

07 1A~ 
d__ 
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e Attachment to PFR-F058 

The original PFR was based on paragraph 4.6.3.5 of the specification, which 
states that Purchaser will determine the specific panel configuration to be 
tested and will supply representative panel mounted equipment to be included in 

the panel test program. However, the specification also states that the vendor 
will supply and test all panel mounted equipment. Conversations with the 

original design organization and documents supplied as part of the response to 
this PFR and to PFR-059 (which covers the same panels) show the following: 

a) The purchaser did not supply representative panel mounted equipment for 
testing. All equipment was vendor supplied.  

b) The purchaser did not determine the specific panel configuration to be 
tested. All panels were qualified by analysis based on the as-installed 
equipment locations.  

c) The vendor qualification procedure specified that testing was to be 
performed for chattering. This was done.  

d) The vendor requalified the panel in response to Addendum No. 2 and 
preceeding documents for all equipment installed on the panel in the field, 
including the resistor sub-panels.  

On the basis of a) and b) above, potential finding 3 can be considered 
invalid . On the basis of c) above, potential finding 4 can be considered 
invalid. On the basis of d) above, potential finding 2 can be considered 
invalid. .Vb s0 - a-i.  

As originally written, potential /finding 1 can be considered invalid, but 
almost-be restated to require that the panel qualification consider all equiTment 

which may be mounted on the panelA This is particularly true since these 
panels are auxiliary and likely to undergo modification with time. Thus, the 
qualification should have been required to consider equipment on all mounting 
locations. The qualification procedure and report indicate that the panel was 
qualified only with the as-installed equipment. Fortunately, this filled up 
most, but not all, of the panel.



POTENTiAL FRIDING REPORT REViSION 

SONCS IZ&3 SE I SMNiIC DES!GN VERIFICATIC 

tP~~A! ONY",~ I lJihATUR 

AFFECTED iTEMS: CE Local Panels 2L123, 2L127, and 2L147 

REQUREMENT REFERENCE DOCUMENTS: 

IEEE 344-1971 ; Section 3.2.1 

BASIC REQUIREMENT: Seismic tests should be performed by subjecting equipment to 
vibratory motion which conservatively simulates that to be seen at the equipment mounting 
during a DBE.  

DESCRIPTiON OF POTENTIAL FINDING: 

. CE specification 1370 ICE 0005 specifies a 2g input in the range 5 - 35 Hz.  

CE document CEN-94S shows a summary that the representative cabinet was tested to 1g.  

PREFARED BY: Rakowski . DATE: 
PREFARE'D'~ DY ATE:-Z 

REJECTiON OF GA TASK LEADER COMMENTS BY: DATE: 

REJECTION OF ORIG1iAL DES!GN ORG. COMMENTS BY: DATE: 

E. REVIEW BY GA TASK LEADER COMMENTS 

K AGREE PF IS VALID SY / DATE 

O REQUEST RE-REVIEW BY DATE 

O DISAGREE BY DATE

O REVIEW OF ORIGINAL DES!GN ORGS. COMMENTS BY: DATE:-- -



PAG E2 7P)r"-G) 

C. REVIEW BY ORIGINAL DESIGN OCANIZATION COMMENTS 

The rack was tested to a 2g level (see Foxboro Test Report #1025 Attached).  

e Foxboro report shows a slight deformation of the rack base and the external base 
unting plate occurred during testing of a single rack in the side-to-side direction 

at 2g's. This would not be expected to occur in installations where two or more racks 

are joined together side by side. The SONGS racks are joined side-by-side, so this 

deformation is not expected to occur.  

O AGREE PF IS VALID The SONGS seismic requirements for this equipment are dictated by 
the plant soecific curves 's S023-SK-S-695, 696 Rev. A, transmi tted 

f DISAGREE in letter #LOG BC-2/3 Southern Cal. Edison to C-E, Response Spectra 
for Aux. Bldg., 7/24/73. These curves require testing to a g level.  

BY: __ DATE: 

0. RECOMMENDAT1ON BY FIN DIN S REVIEW COMMITTEE 

DEFINITION ADEQUACY: IV ADEQUATE 0 INADEQUATE 

VALIDITY: 0 VALID ( INVALID 

CLASSIFICATION: 0 OBSERVATION 0 FINDING 

JUSTIFICATION: 

CLASSIFICATION CRITERION NO. RESULTING IN "FINDING" 

COMMENT ON "OBSERVATION" CLASSIFICAT!0N 

BY: DATE: 

E. GAPROJECTMANAGER 

Q ACCEPT 

0 REJECT 

*l D



PFR No. 2408-PFR-083 (Continued) 

Therefore, the seismic documentation required for SONGS 2 & 3 (CEN94S) reported 
nly results to the lg level. However, the 2g input requirement of the C-E 

WK ecification was also met by the additional testing at 2g's.  

/Ve~ ve ~(6 7 
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The Fox-borcoCpany 
Test Repor"E. T4-1025I 

Revision I 
Seismic Vibration Tezt 

V of 
f-2ES Style : SEC 200 Pack / 

- Tested at 
Acton Environ>ental Testing 

Corporation, Acton, Mlass.  

Date of Test: Aug. 1974 
Date of Revision: June 1976 

Requested by: J. C. Childs, Dnpt. 162 Report Written by: Ly 
F. Riggs, Dept. 368 

Reviewed by .y ?. C. Childs, St ff Enginear Tests (niuctnd by: 
' 7 Nuclr Pc:.er Products L. W. Neway n J A 

Approved by: I". G. i"- s zId. Supervisor Q t.3 
Qual'ty Assurance L.boratory 
VDTpt. 162



1.0 Description of Items Tested 1 

2.0 Objective 1 

3.0 Test Procedure 1 

4.0 Conclusions and Recomendations 2 &3 

5.0 Test Results 4&5 

6.0 Index of Acceleration Vs Frequency Graphs 6 

7.0 Test Report from Acton Environmental 
Testing Corporation Attached 

Revision 1: 

(a) Modified Graph Nos. 1 through 48 to Acceleration Ratios vs.  
Frequency to correct for Seismic Table Variations and Error 
in reduction of data.  

(b) Changed Model No. to conform to latest Model No. coding 
(no d2sign change).



1.0 Descriotion of Items Tested 

Seisrnic design, double sided SPEC 200 Pwack, Iodel N-2ES Style A, c2pable 
mounting 19" equipment on both front and back.  

2.0 Objective 

Determine the effect of seismic vibration on a dummy loaded N-2!S rack.  

3.0 Test Procedure 

3.1 Stage 1 -- Resonance Search 

a. The duffnny loaded rack was vibrated at a constant accnlerai;on 
of 0.5g 3t 1 oCtave/min from 1 to 35 Hz in three mutuali 
perpendicular axes. The rack and its load were o.:nitcre 
with triaxial accelerom.eters located as in Diagram. No. 7.  

load conficurations were tested in each plane. See D Io.  
for a drawing of both loads.  

3.2 Stage 2 -- Sine Beat 

a. This test ccnsists of vibratinq the rack in three mutlly 
perpendicular axes from 1 to 3; Hz. At each test frequency, 
sine beats (.:1 plitude modulation of the test frequency o
peak acceleration correscndira to levels shown in DiasEgr 
t o. 2 are applied such that each beat contains ten c 
of the test fre-quncy.  

The test period for each frequency was 10 beats fol ed b 
a pause bet;een beats of 10 tires the beat period. See 
Diagram No. 3. The rack was lcaded in the u alanced con
figuration for all sine beat tests. All tests WEre monitoed 
with a videc tape system.



2.2 

4.0 ConclusinCrs and oO;endation 

The rack was suLjected to a resorant soarch at 0.5q, 1 to 35 Hz, and to 

sine boat acceleration of 1.0 and 2.Og pe'k amplitude applied at th: case 

of the rack.  

Test results at the 1.Og level were satisfactory in all respects.  

The results indicate that with minor mdifications the rck will be 

suitable for seismic environments of up to 2.0g's for the oadng cofig
urations tested.  

Slight deformation of the rack base and of the external base mounti - Diate 

occurred during tesLirg in the side-to-side direction- at 2g's. irs would 
not be expected to occur in installations where two or more racks are 

joined together side-by-side.  

Strengthening of these members may be required. Alternatively, rersion

ing the external Lase mounting plate such that the l ate covers the I e te 

base mounting area and moving the outside mounting holes further outward 

(towards the side of the rack) are suggested for consideration.  

Also, the door latching mechanisms proved to be a problem as well as 
doors themselves.- The latching mechanisms at the top and bottom of the 

door became bent. Spot welds on the door stiffener broke due to fat 

under vibration, necessitating removal c' the doors for the remainin tests.  

Other than the above, the integrity of the rack structure, of the mounting 
hardware for the rack-mounted mcdules, and of the modules (nests, csris, 

power sucolies) was maintained throughout the test. That is, no s. ng 

or sliding of tha rack-m.ounted Lc ouirmnt or internal mcanica Ta2 

of individual modules were noted.  

The predominant resonance of the rack in the front-to-back and side- o

directions occurred at 22 Hz and 13 Hz, respectively. during the rc t 

search at. 0.5g input. There was no obvious resonance in the vertica, pi 

.within the 1 to 35 Hz frcuency range. The i:axmum a;pification o 

as measured at the top of the rack itself was 10, occurring at 13 H: 

The continuous sine input applied during the resonant search would, of 
course, be expected to produce greater amplification factors than the sine 

beat inputs applied at the 1.0 and 2.0a levels.  

During the tests at the 1.0g level, the predominant resonant freuencies in 

the front-to-back and side-to-side directions dropped to 1B Hz and :i to 

11 Hz, respectively. The maximum amplification factor measured at the top 

of the rack itself was 6 and 8 at these frecuencies. resoectively. At 
the rear of a nest located at the top level of the rack, a:ilification 
factors of 8.5 (front-to-back) and 10.0 (side-to-side) were obtained.



4.0 Concluiond, anu por:-*( t 

Significant ,mplificatio factor, .\lre aVt :- ac o : oin t 

rear of a pcowe,,r s u-,ply 1 oc,-,d at teeve I lfrorlt O 

This is the h i-t si ion antic iprE dfor l oat ion sj u p'i 

racks for 5%ic asp) CL0f. ide O a'r pl i a on and 0 vric 2 0: 

(front-to-back, lul Hz) , 6.7 (side-tcO-side 11 Hz), and C 0 (L 2 r 

Testing at the 2.0g level produced a marked lowering of resona r 

quencies measured or. the rack itself. The predomi na nt rraor:4-e 

front- to- ack direction occurred at 15 Hz width an inpiif catio n Faee r of 

6 measured at the top of the rack.  

In the side-to-side direction the most significant resorarice occurrel at 

8 Hz with an amplification factor of 5.3 at the top of 0he ck. n!; 

nest located at the top level of the rack, amplification factors of E.0 

(front- to-back) and 6.5 (side-to-side) were obtained. The maximum 

amplification factor measured on the po.er supply was 4.5 (in the Front-to

Back direction).  

The damping of the rack was found to be approximately 0.05 during 

resonant search and approximately .010 during t4 sine bat tests at 1 

and 2g's.  

It should be noted that one rack was subjected to the en tire te sti a 

sequence (three series of single frequency tests -r each of thre s:uce at 

three acceleration levels). The endurance testing as ct of this secuEnce 

of tests should be taen i ntc aCount in evaTuating tnee test 

relative to a short duration selsmic event.



5.0 Summry of Te,;tPrsults 

5.1 Resonajnceu Search 

a. Vertical Plane 

1. Balanced Configuration (refer to Diagram 1 No. 1) 

Refer to Graph No's. 6, 12, 18 & 24 

2. Unbalanced Configuration (refer to Diagram No. 1) 

Refer to Graph No's. 5, 11, 17 & 23 

b. Horion~t;l Plan2 (Front-to-Eack) 

1. Balanced Configuration 

Refer to Graph No's. 2, 8, 14 & 20 

2. Unbalanced Configuration 

Refer to Graph No's. 1, 7, 13 & 19 

c. Horizontal Plane (Side-to-Side) 

1. Balanced Confiouration 

Refer to Graph No's. 4, 10, 16 & 22 

2. Unbalanced Configuration 

Refer to Graph No's. 3, 9, 15 & 21 

5.2 Sine Beat at 10 

a. Horizontal Plane (Front-to-Back) 

Refer to Graph No's. 25, 28, 31 & 34 

b. Horizontl Plane (Side-to-Side) 

Refer to Graph No's. 26, 29, 32 & 35 

c. Vertical Plane 

Refer to Graph No's. 27, 30, 33 & 36



5.0 Sum Iry of Te t tul ts (Cont. ) 

5.3 Sine Pnat at 20's 

a. Horizortal Plane (Front-to-Lack) 

Refer to Graph No's. 37, 40, 43 & 46 

b. Horizontal Plane (Side-to-Side) 

Refer to Graph No's. 38, 41, 44 & 47 

c. Vertical Plane 

Refer to Graph No's. 39, 42, 45 & 48 

e9



GRAPH N0. I".1 VFX 

foll1owinrv 
Point of Table Accol'rtior 

Acclertior Maurrent Excitation 0 5q 1___ 

Front Top Center 
of Rack F-B 1, 2 25 37 

Front Top Center 
of Rack S-S 3,4 26 38 

Front Top Center 
of Rack V 5, 6 27 39 

Center Side 
of Rack F-B 7, 8 23 40 

Center Side 
of Rack S-S 9, 10 29 41 

Center Side 
of Rack V 11, 12 30 42 

Rear of Top Nests F-B 13, 14 31 43 

Rear of Top Nests S-S 15, 16 32 44 

Rear of Top Nsts V 17, 18 33 45 

Rear of Power 
Supply F-8 19, 20 

Rear of Power 
Supply S-S 21, 22 35 47 

Rear of Power 
Supply V 23, 24 36 48
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RACK LOADI.C c ,yr 
TEST NO. T4-1025 SEPT. 24, 1974 
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Attachment to 2408-PFR-FQ83 

CE Specification 1370 ICE 0005 gives Generic- site seismic requirements 
for all CE supplied instrumentation and controls.  

CE received a set of response spectra for the Auxiliary Building 7/24/73 
(transmittal letter No. Log BC-2/3, SCE to CE). The specific curves for the 
30' level of the control area of the Auxiliary Building are S0230-SK-S-695, 
696, 719 and 720 Revision A (i.e., Node 5).  

Per Foxboro Seismic Test Report T4-1025, the panels were tested in August 
1974. A resonance search was conducted over the frequency range 1-35 Hz with a 
constant acceleration input of 0.5g in three axes. The predominant resonance 
of the panel when vibrated in the front to back mode was 23 Hz. and 13 Hz in 
the side to side mode. There was no obvious resonance in the vertical plane 
within the 1 to 35 Ez frequency range. The damping of the rack was found to 
be approximately 0.05 (i.e., 5%) during the resonant search.  

The panels were then tested at lg (sine beat) over the frequency range 1 to 
35 Hz in three axes. The panel and contents performed satisfactorily 
throughout the Ig test (i.e., no apparent damage of any kind).  

Since all of predominant resonances are above 10 Hz, examination of the 
specific response spectra (S023-SK-S 695 and 696, Rev. A) show the curves for 
5% damping are down essentially to the ZPA (i.e., approximately Ig). Thus, the 
panels have been qualified to operate in this specific location.  

Further testing was carried out, with 2g (sine beat) from 1-35 Hz and three 
axes. During the side to side test, some slight deformation of the panel base 
occurred. Also, a weld failed on a door stiffener and the top and bottom door 
latches became bent. The door was removed for the remaining vertical test.  
Apart from the slight damage, the integrity of the rack structure, of the 
mounting hardware for the rack-mounted modules, and of the modules (nests, 
cards, Power Supplies) was maintained throughout the test.  

Although there was no redesign of the panels, they are mounted in plant in 
pairs side by side (i.e., bolted together). They are also bolted to mounting 
racks in the control room floor.  

I believe these panels are reasonably conservatively designed for their 
specific location in the Auxiliary Bldg. Also CE summary document CEN-94S 
(Data Sheet 6), that these panels are qualified to Ig is correct.  

I believe we should declare this PFR invalid.  

Alan Middleton 3/22/82 

U2. -
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GENERAL ATO11C COMPAY  

From: __ Date: z 

To: 

TELEPHONE COMMUNICATION RECORD 
(Please hand letter l in black or red ink) 

Call Initiated by: at GA Other 

Call Received by: at GA Other 

Dther Particicants: 

Date Time Program Name/No. Task or 189 No.  

ubject: 

ummary 

4X ~ ~ C rIrZ/~ S ~ TfM) 9!-r Srzc L Ca- P/J~-r- u -- iAr~ 
__I 

Mon Items: Date Rec'd Respnsbic _ 

ce 1I.J ~ CoPy o- nr Lb 

File No.  
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. 2408 PFR NO. F097 

POTENTI AL FIND ING IF)PO RIT REVISION 
SONGS 2&3 SEISIC D ESIGN VERIFICATION 

A. PREPARATION BY GA INITIATOR 

. ECTED ITEMS: Pipe Support 167, 203, 826, 152, 200, 52, 116, 178, 93, 77, 466, 146 
PFR No. F068 and Bechtel's comment.  

REQUIREMENT REFERENCE DOCUMENTS: 

PIPM Section 14.6 Checking and Review, Last Paragraph 

BASIC REQUIREMENT: "Prior to system startup, pipe-routing changes and pipe-support 
interface modifications will be documented on updated isometrics, and a final 
stress-analysis calculation will be completed, including detailed, independent check" 

DESCRIPTION OF POTENTIAL FINDING: 
Bechtel's comment to PFR F068 states that "Calculation P-450-1.44 and P-450-1.50 are 
currently under revision". This violates the requirement that calculations will be 
complete prior to startup. A similar concern is noted in PFR 024A for specific 
piping analyses.  

* EPARED BY: \ A DATE: 2 
REJECTION OF GA TASK LEADER COMMENTS BY: DATE: 

REJECTION OF ORIGINAL DESIGN ORG. COMMENTS BY: \A C - DATE: 3 9 

B. REVIEW BY GA TASK LEADER OMMENTS 

AGREE PF IS VALID B DATE 

0 REQUEST RE-REVIEW 
BY 

DATE 

O DISAGREE BY ' ITE 

f REVIEW OF ORIGINAL DESIGN ORGS. COMMENTS BY: ! - L DATE: 31 L)



2403 F~ ' r'(Prr 
E V!: I ~_______ 

C. REV'EW I Y ORIGINAL DESIGN ORGANIZATION COMMENTS 

The subject calculations were completed prior to system startup. There is no reqjuiremnt 
ithe PIPM prohibiting calculation revisions after system startup -since design changes in 

* system do occur after the system has been turned over to startup.  

The calculations were complete on 7/3/80 for both systems BBB and BHA. Both systems were 

turned over for system startup after this date; system BRA on 7/8/80 and system BBS or 

9/6/80.  

O AGREE PF IS VAUD 

M DISAGREE 

BY: DATE: 

D. RECOMVENDATION SY FINDNGS REVIEW COMMITTEE 

DEFINITION ADEQUACY: 19 ADEQUATE O INADEQUATE 

VALIDITY: t VALID 0 IRVALID 

10J CR 21;m-- 0 1OT07 APPL E 0 A.FL-AP~E+6A~Pt? -

CLASSIFICATION: E OBSERVATION 0 FINDING 

& IP CATIO0N: 

CLASSIFICATION CRITERION NO. RESULTING IN "FINDING" 

COMMENT ON "OBSERVATION" CLASSIFICATION 

BY: DATE: 3/2 

E. TPT PROJECT MANAGER 

ACCEPT 

0 REJECT 

By:,// ~' '~- DATE- _________



IMPACT ASSESSMENT 
2408 P FR NO 07 

Pipe Support: 167, 203, 826, 152, 200, 52, 116, 178, 93, 77, 466, 146, 

ECTED ITEM: PFR F068 and Bechtel's Comment 

1. ISTHERETHE POTENTIAL FOR REDUCING DESIGN MARGINSTO THE EXTENT 
DESIGN ALLOWABLES ARE EXCEEDED OR DESIGN REQUIREMENTS ARE NOT MET? 

N/A 

2. ISTHERETHE POTENTIAL THAT THE ITEM MIGHT FAIL'OR ENDANGER OTHER 
ITEMS DURING AN SSE ? 

N/A 

3. COULD THE FAILURE OF THIS ITEM DURING AN SSE CREATE A SUBSTANTIAL 
SAFETY HAZARD ? 

N/A 

4. COULD THE PROCEDURAL VIOLATION CREATE A SUBSTANTIAL SAFETY HAZARD ? 

Unlikely 

5. ARE OTHER SIMILAR DEVIATIONS LIKELY TO EXIST ? 

Yes,see PFR F024 

6. OTHER COMMENTS: The procedural violation is caused by an overcheck by Bechtel, 
see Attached telecopies (3/16/82, Part B and 3/19/82). This overcheck activity 
is not covered by Bechtel procedures but should enhance safety.  

PREPARED BY: DATE: _ z 

COMMENTS: 

BY: ! DATE:
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TO: Mr. Fred >arsh 3/16/32 Page 1 of 1 

Bechtel Power Corp.  
Telecopy: 213/946-1644 9:JC 

FROM: Mr. George Wessman 
Torrey Pines Technology 
Telecopy: 714/455-2132 

We are requesting the following information: 

A. In response to PFR-F073 related to the three subject junction 

boxes and CA comment on the inadequacy of attachment to 

structural steel supports, Bechtel has stated that the 

rigidity is shown to be adequate, etc. as show-n by their 

calculations.  

1. We need copies of Bechtel calculations related to the 

adequacy of supports for the following junction boxes.  

a. 2X35RZ7DO3 
b. 2B3L R ZTf03 
c. 2A5RZTEO3 

B. To aid evaluation of PFR's please send documentation that 

describes the n.ture of the current revisions and completion 

date for the calculations that are identified in P?R F024A 

and F097. This documentation should describe current 

revisions to pipin- analysis for segments 78 .and 82 and pipe 

support analysis for 167, 203, 826, 152, 200, 52, 116, 178, 

93, 77, 466 and 146.  

This documents a verbal request to M. Mitchhart. If practical, 

suggest documents be telecopied to CA to the attention or 

H. C. Hopkins.  

RGW:cc
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QUALITY ASSURANCE DEARZTMENT 

!Record of Loine Distarc Teler'nonc Call 
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General Atomic company 

QUALITY ASSURANCE DEPARTMENT 

Record of Lon7 Distance Telekone Call 
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Calling O Time: Compic ted I I 
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QUALITY ASSURANCE DEPARTMENT 
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PFR NO 240- -10 

POTENTIAL FIE7Pli E REPO T REV I _o1n 

SONGS 2&3 S SMIC D GN VERIFCATION 

T10A - ~Y G A 17,1IT 0 R 

AFFECTED ITEMS: Low Pressure Safety Injection Pump 8x20WDF 

REUIFR.EMENT REFERENCE DOCUMENTS: Project Specification for. Safeguard Pumps for 
Southern California Edison Company San Onoire Units 2 and 3, Specification No. 1370-PE-410, 
Rev. 7, Nuclear Power Systems Combustion Engineering, In. Section 4.2.7.2.  

BASIC REQUIREMENT: 4.2.7.2 The lowest natural frequency vibration of the pump assembly 
and its components that are necessary for pump operability shall be greater than 33 cps.  
The Seller shall demonstrate this by analysis.  

DESCRIPTION OF POTENTIAL FINDING: The independent modal analysis performed by TPT of the 
LPSI pump support mount with a rigid model of the LPSI pump indicates a fundamental frequency 

of 24 Hz. This differs substantially from the 112 Hz originally calculated by BPC*. Due to 

the flexibility of the support mount and the possible coupling motion with the pump assembly.J 
the resulting lower natural frequency (less than 33 Hz) is not consistent with the CE

prepared pump specification requirement.  

S.E.B. Structural Design-Equipment Supports, File No. C-259, Calc No. C-259-2.03.14.  

PREPARED BY: Fu Kong Tzung DATE: 3-5-82 

REJECTION OF GA TASK LEADER COMMENTS BY: DATE: 

REJECTION OF ORIGINAL DESIGN ORG. COMMENTS BY: DATE:.  

B. REVIEW BY GA TASK LEADER CO M M ENTS 

Q<REE.PF IS VALID BY DATE 

O REQUEST RE-REVIEW Sy DATE 

SDISAGREE BY DATE 

O REVIEW UF ORIGINAL DESIGN ORBS CCIMENTS BY: DATE:



PAGE 2 PR NO.- 

REV I S IOul;__ 

C. REVIE' !Y ORIG I NAL DESIGN ORGANIZATION COMMENTS 

SEE ATTACHMENT I 

0 AGREE PF IS VALID , however, no impact on design.  

O DISAGREE 

BY: ,~' ~ <~DATE:__ 

0. RECOMMENDATION BY FIND!NGS REVIEW COMMITTEE 

DEFINITION ADEQUACY: X ADEQUATE 0 INADEQUATE 

VALIDITY: OVALID 0 INVALID 

CLASSIFICATION: iOBSERVATION 0 FINDING 

JUSTIFICATION: 

CLASSIFICATION CRITERION NO. RESULTING IN "FINDING" 

COMMENT ON "OBSERVATION" CLASSIFICATION 

2Y:DATE:
E. GA PROJECT MANAG ER 

R ACCEPT 

0 REJECT 

BY D AT E:f/.



ATTACHWE)1 I 
Page 1 of 1 
PFR #F10I 

A more rigorous analysis of the LPSI pump support confirms the TPT observation 

that the fundamental frequency of 112 Hz as originally calculated is too high 
and not valid.  

The new analysis by BPC consists of an eigenvalue solution through a finite 

element model of the support instead of the original hand calculation. The 

three columns and beams of the support were represented by beam elements, in

corporating the diaphragm action of the pump by rigid plate elements which are 

pin-connected to the upper end of the columns. The masses considered were the 

mass of the pump lumped at the top and the mass of the structure uniformly 

distributed at each element. The fundamental frequencies calculated for lat

eral modes were 33 Hz and 12 Hz considering the boundary condition at the col

umn base as fixed and pinned, respectively. The accepted approach is to con

sider the lateral stiffness to be in between the fixed and pinned extremes, so 

that the actual frequency is estimated as 20 Hz (considering freq. as propor

tional to sq. rt. of stiffness). This frequency is outside the region or am

plification exhibited by the floor response spectra (FRS) per Sketches No.  

S023-SK-S-927, -932 and -937 (attached). Therefore the seismic response for 

the pump-support system, which in the lateral direction may be properly ide

alized as a single degree of freedom system, is estimated from the FRS at 

20 Hz to be less than 1.5 g's. This low amplification with respect to the ZPA 

is deemed to be consistent with the purpose of the CE-specified requirenent 

for support frequencies Z 33 Hz. The lower frequency of 20 Hz is not in close 

proximity to the fundamental frequencies of the piping connecting to the pump 

which are 8.0, 10.2, 11.4, 12.2, 12.6 and 15.5 Hz. Furthermore, if it were 

the case that the system/subsystem frequencies became closely spaced, such 

proximity of frequencies does not imply adverse amplification from system/ 
subsystem coupling provided that the frequencies are outside the high-energy

content range of the FRS, as it is the case. This characteristic of the 

system/subsystem coupling related to the FRS frequency range of amplification 

was presented by BPC in the supplementary response to PFR-0017.
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IPIPACT ASSESMENT O -NaT 

PFR NO.  

AFFECTED TE" LPSI Pump 8 x 20 VDF 

1. IS THERE THE POTENTIAL FOR REDUCING DESIGN MARGINS TO THE EXTENT 
DESIGN ALLOWABLES ARE EXCEEDED OR DESIGN REQUIREMENTS ARE NOT MET? 
No. Although the low frequency of 20 Hz violates the CE-specified requirement for 

support frequency 2 33Hz, it does not appear that this will reduce design margins to the 

extent design allowables are e-xceeded.  
2. IS THERE THE POTENTIAL THAT THE ITEM MIGHT FAIL OR ENDANGER OTHER 

ITEMS DURING AN SSE ? 

No. BPC's response appears to be valid.  

3. COULD THE FAILURE OF THIS ITEM DURING AN SSE CREATE ASUBSTANTIAL 
SAFETY HAZARD ? 

Not known 

4. COULD THE PROCEDURAL VIOLATION CREATE A SUBSTANTIAL SAFETY HAZARD ? 

Not applicable 

5. ARE OTHER SIMILAR DEVIATIONS LIKELY TO EXIST? 

Not knowm 

6. OTHER COMMENTS: 

PREPARED BY: F. Tzung r DATE: 3-18-82 

COMMENTS: RYc's 

BY:5L DA TE: 

BY: DATE: 

B.



POTENTIAL FINDING REPORT REVISION ^_ 

SONGS 2&3 SEISM.IC DES!GN J VERIFICATION 

O PREPARAT!ON BY GA INITIATOR 

AFFECTED ITEMS: 

Containment Structure Seismic Analysis 

REQUIREMENT REFERENCE DOCUMENTS: 

FSAR SEc. 3.7.2.1.1 Seismic Analysis Methods for Structures 

BASIC REQUIREMENT: 

Seismic analysis method and dynamic modeling feature should be consistent 
with the 

methodology described in the above requirement reference document.  

DESCRIPTION OF POTENTIAL FINDING: 

BPC used non-standard modeling feature (basemat-tracking technique) which is 
not 

explicitly cited in the FSAR.  

(see attachmeftt for details) 

PREPARED BY: T.H.Lee/R. W. Thompson DATE: 3/22/82 

REJECTION OF GA TASK LEADER COMMlENTS BY: DATE: 

REJECTION OF ORIGINAL DESIGN ORG. COMMENTS BY: Al. DATE: 3' 3 k 

B. REVIEW BY GA TASK LEADER COMMENTS 

'AG'REE PF IS VALID BY $ 4DATE 
o REQUEST RE-REVIEW BY DATE 

O DISAGREE BY A)E 

REVIEW OF ORIGINAL DESIGN ORGS. COMMENTS BY: DATE:



PAGE 2 PFR NO.1__ 

REVISi0>______ 

C. REVIE'W BY ORIGINAL DESIGN ORGANIZATION COMMENTS 

0 AGREE PF IS VALIO 

O DISAGREE 

BY: DATE: 

0. RECOMMENDATION BY FINDINGS REVIEWN COMMITTEE 

DEFINITION ADEQUACY: 1' ADEQUATE 0 INADEQUATE 

VALIDITY: Q VALID 0 INVALID 

CLASSIFICATION: X OBSERVATION 0 FINDING 

JUSTIFICATION: 

CLASSIFICATION CRITERION NO. RESULTING IN "FINDING" 

COMMENT ON "OBSERVATION" CLASSIFICATION 

BY: DATE: 

E. GA PROJECT MANAGER 

R ACCEPT 

o REJECT 

BY:______DATE:



R SEVISION _A 

ATTACE4TT TO _EVISION A 

This is a revision to the original PFR where the basic recuirement has been 
changed as a result of the BPC's clarification. Tne reviewers nave incorporated 
the basemat-tracking feature into the MODSAP model according to the ds ons 
as given by 1r. A. Lopez of EFC. The acceleration response values comined 
by using the modified MODSAP model were compared with the more accurate 
numerical values of SMIS analysis presented in Table 3.7-19 of FSAR. The 
new values computed by MODSAP with basemat-tracking feature are in close 
-agreement with the values of SMIS at all elevations. The comparison is 
displayed in the following table.  

Horizontal Acceleration (E) 
Elevation SMIS MODSAP 

(ft) (BPC) (TPT) 

10.5 (basemat center) 0.685 0.681 

35.875 0.750 0.809 

61.25 0.896 0.939 

86.625 1.042 1.083 

112.00 1.183 1.258 

140.39 1.369 1.454 

177.50 1.630 1.707 

The slight increase in MODSAP values is reasonable because these =inor 
deviations reflect the effects due to the difference in damping simulation.  
The BPC SMIS used the non-proportional damping which can be shown to possess 
slightly larger amount of energy dissipation as compared to the eauivalent 
modal damping used in MODSAP model. It should also be pointed out that parameter 
modifications have been made to the MODSAP model based uoon the reviewers' 
calculations and judgement, therefore the two models do not have exactly the 

same set of input parameter values. Furthermore, the multi-point constraint 
feature used in the SMIS model is approximately simulated in the MODSAP model.  

Apparently the deviation in response value observed previously does 
not exist when all the key modeling features used by SMIS have been incorporated 
into the MODSAP model. The basemat-tracking feature forces the basemat to track 
the free-field motion in the absence of the superstructure and thereby achieves 
reduction in response. In the opinion of the reviewers, the theory is valid 
for embedded basemats and is therefore acceptable for seismic analysis of the 
containment structure of SONGS2 & 3. The concern expressed in the original PFR 
is resolved.  

The free-field ground motion tracking technique used by BPC for time
bistory analysis is a non-classical method not cited in the FSAR. The design 
seismic analysis methods used for SONGS2 & 3 are therefore not compatible with 
the approved design-basis methodology. This inconsistency should be eliminated 

by an appropriate amendment to the Section 3.7 of theFSAR.  

BY: T. H. Lee /R. W. Thompson DATE: 3-23-82



PFR NO. 2408-PER-F 

POTENTIAL FINDING REPORT REVISION 

SNGS 2&3 S 4I1MC D ESI G N VERIFICATIOJN 

I REPARATiONR BY GA INITIATOR 

AFFECTED ITEMS: Containment Structure Seismic Analysis 

REQUIREMENT REFERENCE DOCUMENTS: 

Not Applicable 

BASIC REQUIREMENT: 

The basemat should have reasonable amplification when the building 
is on soil.  

DESCRIPTION OF POTENTIAL FINDING: 

The acceleration response values obtained from a simplified MODSAP 
model are in general 

agreement with those obtained by SMIS model at all levels 
except the basemat elevation 

where the response computed by MODSAP is about 30% higher. (see attachment for details).  

PREPARED BY:T.H.Lee/R.N. Thomoson DATE: -

REJECTION OF GA TASK LEADER COMMENTS BY: DATE: 

REJECTION OF ORIGINAL DESIGN ORG. COMMENITS BY: DATE: 

B. REVIEW BY GA TASK LEADER COMMENTS 

AGREE PF IS VALID BY DATE , 

0 REQUEST RE-REVIEW BY DATE _ 

O DISAGREE BY DATE 

0 REVIEWt OF ORIGINAL DESIGN ORGS. COMMENTS BY: DATE:



PAGE 2 PFR NO.' . §n 

R E V I 1 0 N 

C. REVIEW BY ORIGiNAL DESIGN'1 ORGAN iZAT!ON COMMENTS 

SEE ATTACHMENT I 

0 AGREE PF IS VALID 

M DISAGREE 

BY: __ _ _ _ _ _ _ _ DATE: // y 

0. RECOMMENDATION 6Y FINDINGS REVIEW COMMITTEE 

DEFINITION ADEQUACY: 0 ADEQUATE 0 INADEQUATE 

VALIDITY: 0 VALID 0 INVALID 

CLASSIFICATION: O OBSERVATION O FINDING 

JUSTIFICATION: 

CLASSIFICATION CRITERION NO. RESULTING IN "FINDING" 

COMMENT ON "OBSERVATION" CLASSIFICATION 

BY: DATE: 

E. GA PROJECT MANAGER 

O ACCEPT 

o REJECT 

BY: DATE:



DESCRIPTION OF, POTF:ETIAL FINING: 

References 

1. FSAR, Table 5.7-8 
2. Final Tn-structure Response Spectra For The Containment and 

Interior Structure, C-257-2.01, Figures D-1 thru D-5.  
3. SMIS Finite Element Model For Time-History Analysis of Containment 

With NSSS Equipment, Figures A-4 and A-5 
4. FSAR Figure 3.7A-6, 3.7-2, 3.7A-64.  

As part of the review of the containment structure seismic analys is, 
output from a simnlified two-dimensional dynamic model using the .ODSA.  
computer code has been compared with corresponding SMIS model output. The 
natural frequencies, mode shapes and damping factors for the first five 
lower modes are in accord with the those of SMIS model given in References 1 
and 2. It is believed that this MODSAP model is dynamically equivalent to the 
SMIS model shown in Ref.3 except that the agremenmt in modal participirian 
factors has not yet been established because the two models use diffret 
noralization factors for mode shapes. The initiators have compared -he 

results for the case parallel to hot leg. The maximum acceleration response 
values (ZEA) at various levels of the model under DBE input of 0.67g are 
given as follows: 

SMIS Model Maximum Acceleation(ZA 
Node Number Description in unit of = 
(Ref..3) MODSAP SMIS 

23 Exterior Shell 177'-6" 2.28 2.00 

27 Steam Gen. Snubber Support 1.12 1.00 

1 Reactor Vessel Column Suppt 0.98 0.75 
(basemat level) 

(From Ref.4) 

The above comparison shows that agreement is reasonable at all 
elevations except the basemat level where the SMIS value shows smaller 
amplification. in clarifying the concern associated with the base 
response, BPC's explanations should address the following: 

a. Integration method and time step used by SMIS to determine the 

time-history input for generating in-structure response spectra.  
b. numerical values of mode shapes and their normalization factors.  

c. procedures for computing participation factors.  
d. numerical values of participation factors and generalized masses.  

e. number of modes considered in integration of modal eauations.  

f. procedures and method of handling damping in direct integration.  

g. other modeling features and solution techniques which may influence 
base response.  

INITIATORS k 4) 

BY: T. F. Lee/ R. W. Thompson DATE: March 5, 1982



ATTAC;;MENT I 
Page 1 of 2 
PFR #F!05 

ased on the limited description of the TPT MODSAP model of the containment 

tructure, as given by C. Charman and T. Lee of TPT, it is judged that basi

cally the model is dynamically equivalent to the BPC SMIS model. Therefore 

it is valid to expect comparable seismic response characteristics from both 

models provided that certain modeling features used in the original SMIS model 

are incorporated into the MODSAP model. These features are described under 

item (g) below.  

The following clarifications are submitted in accordance with the itemization 

presented in the PER: 

(a) The direct integration method used in SHIS's DYNCPL routine is the Newmark

Beta Method. The time-history record was digitized at 0.01 second inter

vals, and the integration time interval was specified as 0.005 second. The 

Newmark Method used in SMIS is unconditionally stable with respect to time 

interval. In addition the DYNCPL time interval was checked through time

history analyses using the SMIS model solutions by normal-mode and by 

direct-integration methods. The calculated response spectra from both 

solutions were found to be in agreement.  

(b) The numerical values of the mode shapes are printed as the eigenvectors 

normalized with respect to mass so that the generalized mass matrix is the 

identity matrix (I]. Therefore for simple comparison of mode shapes the 

same normalization would be desirable. It is noted that the eigenvectors 

were used only to develop the coupled damping matrix, and are presented 

only as part of the dynamic characteristics of the model. For the direct 

integration solution, which of course is not a normal mode solution, the 

.ieigenvectors are irrelevant.  

(c) The participation factors are calculated as follows: 

PF[ for Lth mode 
jc13iyj6i3 ijt~ 

percentage PF, = JPF X 100, where n is the total number 

'r IPFZ of modes.  

(d) The numerical values tabulated for the participation factors correspond to 

the percentage PF defined above. It is noted that the participation fac

tors were given only to illustrate the modal characteristics of the model, 
and of course are irrelevant for the direct-ihtegration solution.  

The generalized masses are unity since they are the elements of the iden

tity matrix as described under (b) above.  

(e) When normal mode time-history analyses or response spectrum analyses are 

performed the number of modes considered is limited to the number of modes 

which have frequencies lower than 33 cps.  

(f) The procedure for incorporation of damping is described in the BPC report 
entitled "Methods of Direct Application of Element Damping, San Onofre 

Units 2 & 3", January, 1972, submitted to TPT by letter dated 12/23/82.



ATTACHMENT I 
Page 2 of 2 
PFR k#F105 

(g) The key modeling feature to which the higher acceleration response of the 

M1ODSAP model is attributable is the method of excitation used in S IS.  
This method is defined in Section 3.6 of Volume I of Reference 2 cited in 

the PFR. The equation of motion described therein was adopted to develop 

a solution where the embedded basemat would track the free-field motion 

if the superstructure were absent from the basemat. An equivalent con

cept can be introduced in the HODSAP model without resorting to the free

free system and the more involved equation of motion used in the SMIS 
model. In the MODSAP model the basemat-tracking feature can be effec
tively simulated by applying forcing function at the basemat level equal 
to the basemat mass times the ground acceleration. This forcing function 

is in addition to the classical inertial forcing function represented by 

the negative of the ground acceleration times the masses along the degrees 

of freedom corresponding to the direction of the ground acceleration. BPC 

has incorporated this approach into BSAP models of the containment to suc

cessfully demonstrate that the SMIS and BSAP models yield comparable re

sponse. It is suggested that the MODSAP model be modified accordingly by 

TPT in order to obtain a more meaningful comparison between models.  

The characteristic equation of motion used in the SMIS model was documen

ted in the report per Reference 2 of the PFR. The report is an integral 
part of the Project Calculation No. C-257-3.01 and is also documented in 

the Project Report File No. S023-280-F. The above report and calculation 

are not specifically cited in the FSAR, but the documents were presented 

and accepted by the NRC Staff during the NRC Structural Audit of 1978.  

(h) The "no apparent phasing shift" mentioned under the steady-state response 

analyses described in the report referenced in item (f) above pertains 

simply to the observation that the frequency of peak response was not 

shifted upon introducing several different values of non-proportional and 

proportional damping.



IMPACT ASSESSMENT 24o8- PI-Fo5 

PFR NO. Rev. A 

%FFECTEDTEM Containment Structure Seismic Analysis 

1. IS THERE THE POTENTIAL FOR REDUCING DESIGN MARGINS TO THE EXTENT 
DESIGN ALLOWABLES ARE EXCEEDED OR DESIGN REQUIREMENTS ARE NOT MET? 

No 

2. IS THERE THE POTENTIAL THAT THE ITEM MIGHT FAIL OR ENDANGER OTHER 
ITEMS DURING AN SSE ? 

No 

3. COULD THE FAILURE OF THIS ITEM DURING AN SSE CREATE A SUBSTANTIAL 
SAFETY HAZARD ? 

Failure of the containment structure could.  

4. COULD THE PROCEDURAL VIOLATION CREATE A SUBSTANTIAL SAFETY HAZARD? 

No 

5. ARE OTHER SIMILAR DEVIATIONS LIKELY TO EXIST? 

BPC also used the basemat-tracking feature for other buildings.  

OTHER COMMENTS: 

T.H.Lee/R.W.Thompson 3-23-82 
PREPARED BY: ____________ DATE: _ _ _ _ 

COMMENTS: 

BY: DATE:



o* " * LOCATJON: IA DATE: 

TO: Finin vCo t LOCATIC : 11DCTE: 

TELEPHONE COMMIUNICATION RECORD 
( PIEASE HAND ITI' LEGIBLY IN ELADC OR PED 1K) 

CALL INITIATED BY: T. H. Lee. AT GAC OTHER: 

CALL RECEIVED BY: Alfredo Lopez AT GAC OTHER: EC, whittier 

OTHER PARTICIPANTS: 

-- :PROGRAM NAME -PROGRAM NUMBER 

DATE: 5/23/82 TIME: 8:00 am 

SUBJECT: PFR-No. 24o8-PFR-Fl05, Revision A 

SUMMARY: This Dhone call was made to obtain clarification from BPC whether the 

basemat-tracking feature has also been used for other buildings.  

Mr. Alfredo Lopez confirmed that the feature was also used for other 

buildings (in addition to containment structure).  

The initiator also informed Mr. Lopez that we have incorporated the basemat

tracki z into the MODSAP model and obtained new results in close agreementi 
fe~ature 

BPC's values. We accept the feature as a valid technique for embedded basemats.  

not 
Since the feature is explicitly cited in the FSAR, we have revised the ??R 

and changed the basic requirement. The revised version will be processed 

as a xti valid PFR.  

Date Person 
ACTION ITEMS: Required Responsible 

. STRIBUTION: 

File No.:



PFR NO. ZnH If j )fu 

POTENTIAL FIND!NiG REPORT REVISION 

SONGS 2&3 SEISMIC DESIGN VERIFICATION 

PREPARAT!ON BY GA INITIATOR 

AFFECTED ITEMS: Inlet Nozzle of Reactor Vessel 

REQUIREMENT REFERENCE DOCUMENTS: 
1. Analytical report for Southern California San Onofre Unit .2 Reactor Vessel. C.E. Incl, 

Report No.. CENC-1269 

BASIC REQUIREMENT: 

The basis of approximate method of analyses should be justified.  

DESCRIPTION OF POTENTIAL FINDING: The calculation (CENC-1269) provide no justification for 

the method of analysis (replacement with equivalent spherical shell) used to determine 

combined stresses in the reactor vessel inlet nozzle.  

PREPARED BY: L. Penzes DATE: 3/6/82 

REJECTION OF GA TASK LEADER COMMENTS BY: DATE: 

REJECTION OF ORIGINAL DESIGN ORG. COMMENTS BY: DATE: 

B. REVIEW' BY GA TASK LEADER COMMENTS 

AGHEE PF IS VALID BY DATE 

O REQUEST RE-REVIEW BY DATE 

C DISAGREE BY DATE.  

O REV!EW OF ORIGINAL DESIGN ORCS. CO.2ENTS BY: D A TE



PAGE2 PFRNO. .  

REVISIO _N_ 

C. REVIEW BY ORIGINAL DESIGN ORGANIZATION COMMENTS 

See attached sheet.  

0 AGREE PF IS VALID 

' DISAGREE 

BY: .z7 DATE: 

D. RECOMMENDATION BY FINDINGS REVIEW COMMITTEE 

DEFINITION ADEQUACY: ADEQUATE 0 INADEQUATE 

VALIDITY: 0 VALID JS INVALID 

CLASSIFICATION: 0 OBSERVATION 0 FINDING 

JUSTIFICATION: 

CLASSIFiCATION CRITERION NO. RESULTING IN "FINDING" 

COMMENT ON "OBSERVATION" CLASSIFICATION 

BY: ,DATE:-, 

L// 

E. GA PROJECT MAANAGER 

4 ACCEPT 

0 REJECT 

BY- DA' '-~. JTE:



Attachment to 2408-PFR-FO109 

Reply: The inlet nozzle is located in a cylindrical shell of radius R. However, 
an interaction model of the nozzle to shell juncture, which was used in conjunction 
with the stress analysis, utilizes an axisymmetric simplification which consists of 
replacing the cylindrical vessel shell with a spherical shell of radius 1.5R. This 
simplification permits the average pressure stress to be maintained and provides 
a mathematically.acceptable model for analysis. CE recognizes that such an 
assumption produces approximate solutions and accordingly utilizes the results 
of such an analysis to a limited extent.  

The results of the interaction analysis is used in the following manner: 

I. Range of Stress Considerations: 

The redundant moment, force and displacements are determined from the interaction 
analysis for the thermal and pressure conditions at the shell to nozzle juncture.  

The appropriate equations for the state of stress at the nozzle to shell juncture 
are presented on pages A-536 and A-539 of the Reactor Vessel report (CENC-1269) 
for two distinct locations. One at the intersection of the nozzle and shell in 
the longitudinal direction and the other in the circumferential direction.  

For the pressure conditions, one should note that the shell pressure stress 
expression is from classical theory while the stress expressions which use the 
redundant loads yield approximate answers due to the 1.5 x radius assumption in the 
interaction analysis.  . For the thermal condition, the portion of stress due to the linear radial 
gradient is not dependent on the redundant load coefficients. The portion of the 
thermal stress due.to redundance is theoretically correct at both locations, however.  
the same approximations of redundant loads as previously described are used.  

The stresses resulting from external loads were calculated using the methods 
described in Welding Research Bulletin No. 107. This procedure is independent 
of the interaction considerations.  

The 1.5 R assumption is used in the analysis is deemed to be reasonable considering 
that the range of stress criteria itself only establishes that the vessel will shake 
down to approximately an elastic action and the greatest range of stress calculated 
was 59.3 ksi versus an allowable of 80.1 ksi Csee page A-540), thus, a margin of 
34% exists in the analysis.  

II. Fatigue Evaluation 

The peak pressure stresses at the vesselto.shell juncture is calculated utilizing the 
stress indices method. (See pages A-546 to A-547). This method results in 
reasonable accurate stresses since the indices are empirically determined.  

The calculated peak thermal stresses due to both the linear and non-linear portion 
of the thermal stress due to thermal redundance is determined in the same manner as 
for the range of stress consideration, 

The portion of the peak stress due to external loads are determined by the methods 
of WRC Bulletin 107 and are independent of the interaction assumption.



Attachment to 2408-PFR-FO109 

I. Fatigue Evaluation (Cont'd) 

For the nozzle/shell junction the maximum stress intensity due to pressure is 
approximately 68.4 ksi (see page A-551) versus the maximum thermal stress 
intensity of approximately 29.4 ksi and the maximum total combined stress 
intensity is 90.0 ksi. Thus, the dominant contributor to fatigue damage is the 

pressure stresses which are theoretically correct as is a major protion of the 
thermal stresses and all the external load stresses.  

From page A-550 of the report, the maximum usage factor is 0.18 versus an 
allowable of 1.0 which again demonstrates the nozzle/shell junction has a 
substantial margin of safety relative to fatigue. Accordingly, CE concludes that 
the analysis demonstrates compliance to the ASME Code and reasonable engineering 
analysis procedures.  
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POTENTAL F-, iG RPORT REviso 
SoNGS2&3 SEISMIC DSLON VERI FICA TIO 

F)Y GA I'IMTGR 

AFF CTED ITEMS: The en,-ineered safety features system control panel (panel 2CR57) of 

he 1.C System.  

REOUIRP1ENT REFERENCE DOCUMENTS: The Bechtel Power Corporation specification for 

cc1roU ro e nels, specification number S023-502-5 with Addenda 

1, 1, and IT.  

BASIC REQUIREMENT: That the acceleration level at device mounting points on the panel 

or exceed 3 'u" in any direction when the panel is exposed to the control room floor 

(30' elevation) DBE response spectra (section 4.6.5.4 of Addendum I to the specification 

DESCRIPTION OFPOTENTIALFINDING: The specification fails to require the vendor to 

consider the dynamic interaction of cabinets arranged in the specific manner of the 

San Onofre Control Room cabinets. Such dynamic interaction may produce mode shapes 

resulting in excessive g levels during seismic excitation.  

Stan Rodkin DATE: 1-17-82 
PREPARED SY: _______ ______ DATE: .____ 

REJECTION OF GA TASK LEADER COMMENTS BY: DATE: 

REJECTION OF ORIGINAL DESIGN ORG. COMMENTS BY: k"n DATE: 

B. REVIEWNSYGA TASK LEADER COMMENTS 

<AGREE PF IS VALID BY '_DATE 

O REQUEST RE-REVIEW BY DATE 

O] DISAGREE BY TE / T 

6 IEW OF ORIGINAL DESIGN ORGS. COMMENTS 3Y: DATE: -2 i
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Attachiment to 
2408-PFR-0017 

Specification S023-502-5 requires the vendor to consider the dynamic inter

action of cabinets arranged in the specific manner of the San Onofre control 
room cabinets. The following paragraphs of the specification and addenda 

substantiate this statement: 4.9.1.1 (drawing number 53000 included with 

specification) and Appendix 4F, section C.3.2. Conference notes numbers 1466 

and 1475 provide additional clarification.  

Vendor understanding of this requirement is documented in the "Jelco Qualifi

cation Approach" attached to Wyle Test Procedure No. 3570 (Log No. S023-502-5

12), and in Wyle Report No. 54498-2 (Log No. S023-502-5-501), page 5, article 

3.0; pages 6 through 9K; and page 15, Figure 1.  

In conclusion, Wyle Test Report No. 58379 (Log No. S023-502-5-679) documents 

in-situ testing performed on control panel CR-57 installed at the San Onofre 

Nuclear Generating Station, bolted to the other control panels to form the 

horseshoe configuration. The test results show the first mode of CR-57 to be 

28 hz.



Bechtel Power Corporation 
Engineers - Constructors 

12400 East imporial Highway 
Norwalk, Caofornia 90650 
MAIL ADOPESS 
P.0 BOx 6/A - TE yiNAt ANNEX LCANGELES CALIFOPNIA 9006 

TELEPHONE (213) 86-501 

February 5, 1982 
Log BX-7017 - 7 

Kr. George essman 
Director of Torrey Pines Technology 0 
Post Office Box 81608 
San Diego, California 92138 FILE -.--..  

Subject: Southern California Edison Company -OPY.- .  
San Onofre Nuclear Generating Station, Units 2 & 3-. ...  

Bechtel Job 10079 
TPT Independent Review of SONGS 2 & 3 Seismic 
Design 
File: S023-722-G 

Enclosure: (1) Addendum 1 to Potential Finding Reports 
2408-PFR-0015 and 2408-PFR-0017 

Dear Mr. Wessman: 

The enclosures are Bechtel's response to your Potential Finding Reports.  

If you have any questions, please refer them through J. Hempe.  

Very truly yours, 

BECHTEL POWER CORPORATION 

,H. F. McCluskey 
Project Management 
Los Angeles Power Division 

CEM:jv 

cc: Mr. J. J. Adrian, SCE 
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Attachnent to 
2408- PER-0017 

/ ~ j //-,- < ~ (Addendum 1 

Specification S023-502-5 requires the vendor to consider the dynamic inter
action of cabinets arranged in the specific manner of the San Onofre control 

room cabinets. The following paragraphs of the specification and addenda 
substantiate this statement: 4.9.1.1 (drawing number 53000 included with 
specification) and Appendix 4F, section C.3.2. Conference notes numbers 1466 
and 1475 provide additional clarification.  

Vendor understanding of this requirement is documented in the "Jelco Qualifi
cation Approach" attached to Wyle Test Procedure No. 3570 (Log No. S023-502-5
12), and in Wyle Report No. 54498-2 (Log No. S023-502-5-501), page 5, article 
3.0; pages 6 through 9K; and page 15, Figure 1.  

Bechtel reviewed and approved the Wyle Test Procedure including Jelco's Qual
ification Approach and the Wyle Report. A Bechtel comment on an earlier sub
mittal of the Test Report No. 54498-1 (Log No. S023-502-5-167 which is in
cluded in and superceeded by Log No. 5023-502-5-501) addressed the particular 
concerns: "The seismic qualification of the complete set of cabinets attached 
together must be presented before approval of this document can be given." 
The final submittal of the Wyle Report No. 54498-2 addresses the-dynamic in
teraction of the control panels arranged in the specific arrangement of the 
San Onofre Control Room. This report was reviewed by Bechtel and the state
ment that adjacent sections will add stiffness and tend to reduce the response 
of the cabinet was consistent with Bechtel's experience. Consequently the 
report was accepted.  

Wyle Test Report No. 58379 (Log No. S023-502-5-629) documents in-situ testing 
performed on control panel CR-57 installed at the San Onofre Nuclear Generating 
Station, bolted to the other control panels to form the horseshoe configuration.  
This in-situ testing was performed to provide assurance that the final as-built 
panels would remain acceptable following necessary field modifications and with 
the specific. objective to determine panel first mode frequencies. This test 
program confirmed the previous Bechtel and Wyle experience that the earlier 
seismic testing of a single panel section was conservative. The test results 
show the first mode of CR-57 to be 28 hz.  

* ~-4 Op * *-_k*~ *-it- . __



Supplementary Analysis in Response to PFR-0017 

1. The floor response spectra (FRS) exhibit amplification (high energy content) 

within the following frequency ranges 

a) 0.5 to 5 cps, horizontal FRS with ZPA - 1.0g 
b) 0.5 to 7.5 cps, vertical FRS with ZPA = 0.75g 

This indicates that the input motion to the control cabinets does not con

tain driving frequencies higher than about 10 cps (see attached sketches 

no. S023-SK-S-695 and 696). The discrete frequency content (.5 to 7.5 cps) 

of the floor acceleration response is derived from the "filtering effect" 

of the building response dominated by soil/structure interaction, and re

sults in motion with no driving energy at the high frequency -range, i.e., 
f > 10 cps.  

2. In-situ testing, Wyle Test Report No. 58379 (Log No. S023-502-5-629), has 
demonstrated that the first mode frequency of the shipping section 1 is 

28 Hz and that the first mode frequency of the shipping section 3 is 33 Hz.  

This means that both shipping sections can be considered as rigid under 

seismic event, particularly for the seismic input defined above. Therefore, 
from the tested frequency characteristics and given input it can be con

cluded that the amplification of the floor acceleration input through the 

cabinet structural system interaction with the instrument panel subsystems 

will be insignificant even when the subsystem/system high-valued frequen

cies are closely spaced and the mass ratios are low. Considering the panel 

subsystem frequency of 22.5 Hz, the responses at instrument mounting loca

tions are predicated to be about Ig horizontal and 0.75g vertical, and cer

tainly less than the stipulated 3g's.  

3. A study was undertaken to demonstrate the foregoing assertions on insigni
ficant interaction amplifications for the cabinets in question. The modal 

time-history method of analysis was used because the alternative response 
spectrum analysis is not adequate to recognize the phasing and algebraic 
sign of the modal responses which are relevant for this type of study.  

The model selected for the time-history analyses was a 2 DOF system with 
individual-mass frequencies of 22.5 and 28 cps representing the panel and 

the supporting structure, respectively. For the mass ratio a parametric 
evaluation was done utilizing values of 0.05, 0.005 and 0.0005. Table I 
gives the mass values and ratios derived from the components as described 
below: 

a) Primary mass = Shipping sections 1, 2, 3, 4, 5 and half of shipping 
section 6 - 21509 

Secondary mass = Panel and instruments of shipping section 3 - 1186 

Ratio - 0.0551 

b) Primary mass - Shipping sections 1, 2 and half of shipping section 3 
* 10100 

Secondary mass - Panel of shipping section 3 - 551 

Ratio - 0.0545
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c) Primary mass - Same as b above 10100 

Secondary mass - Panel of shipping section 3 scaled by total front 

panel area -551 (36/84) = 236 

Ratio - 0.023 

Therefore, the mass ratios of 0.05, 0.005 and 0.0005 as selected conserva

tively encompass the actual mass ratios.  

The time-history input used was the Auxiliary Building Control Area at ele

vation 30 acceleration records in X and Y directions.  

Modal damping value was set at 2%.  

The results of the analysis are shown in Table II. As expected the maximum 

acceleration of secondary mass is about 1.3g < 3.0 for a mass ratio of 

0.0005. This mass ratio is estimated to be considerably lower than the 

actual mass ratios within the cabinets.  

In addition to the above analysis utilizing actual frequencies that are 

characterized as a rigid system, another analysis was performed utilizing 

system frequencies shifted towards the amplification range of the floor 

response spectra. This shift was introduced by dividing the frequencies 

by ten. Table III gives the corresponding responses calculated for the 

same mass ratios considered before. Also given are the responses calcu

lated by response spectrum analyses. The results confirm that significant 

amplification associated with system/subsystem interaction is relevant when 

the closely spaced frequencies are within the driving or amplification fre

quency range of the input motion. Also, it is evident that for response 

spectrum analysis in this case the combination of modal responses by alge

braic summation rather than SRSS gives a more realistic evaluation.



TABLE I 

Weights 

Shipping Weight of Instrument Weight of Weight of Mass Ratio 

Section Panel No. Instrument No. Structure No. (1) + (2) 
(1) (2) (3) (3) 

1 719 659 4677 .29 

2 454 643 3476 .32 

3 551 635 3894 .30 

4 442 578 3709 .28 

5 698 828 4499 .34 

6 703 459 7507 .46 

From Wyle Test Report No. 54498-2



TABLE II 

Results of Time History Analysis 

fl .22.5 cps, f2 = 28.0 cps 

a) X direction (horizontal) floor acceleration time history, ZPA 0.908g, 

input 

Subsystem (Secondary) Mass Response 

Mass Ratio 
Max. Acceleration (g) Amplification Ratio 

0.05 1.029 1.13 

0.005 1.179 1.30 

0.0005 1.215 1.34 

b) Y direction (horizontal) floor acceleration time history, ZPA = 0.943g, 
input 

Subsystem (Secondary) Mass Response 

Mass Ratio 
Max. Acceleration (g) Amplification Ratio 

0.05 1.107 1.17 

0.005 1.226 1.30 

0.0005 1.271 1.35 

c) Vertical direction was not considered since the modal shapes of the closely 

spaced modes/frequencies do not suggest interaction in the vertical direction.



TABLE III 

Results of Time History Analysis 

f . 2.25 cps, f2'= 2.80 cps 

a) Y direction (horizontal) floor acceleration time 
history, ZPA 0.943g, 

input 

Subsystem (Secondary) Mass Response 

Mass Ratio Time History Analysis Response Spectrum Analysis (g) 

Max. Acceleration (g) Algebraic Summation SRSS 

0.05 4.00 3.28 5.47 

0.005 4.055 3.69 6.80 

0.0005 4.175 3.74 7.01 

6.0 approx. from FRS @ 

2.5 cps 

lb
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IMPACT ASSE.SMIENTI 2403-PFR-F0017 

PFR NO.  

6 A E I Engineered Safety Systems Control Panel 
(CR-57) 

1-FFEcCTED ITEM: 

1. IS THERE THE POTENTIAL FOR REDUCING DESIGN MARGINS TO THE EXTENT 
DESIGN ALLOWABLES ARE EXCEEDED OR DESIGN REQUIREMENTS ARE NOT MET? 

No 

2. IS THERE THE POTENTIAL THAT THE ITEM MIGHT FAIL OR ENDANGER OTHER 
ITEMS DURING AN SSE? 

No 

3. COULD THE FAILURE OF THIS ITEM DURING AN SSE CREATE ASUBSTANTIAL 
SAFETY HAZARD ? 

Yes 

4. COULD THE PROCEDURAL VIOLATION CREATE A SUBSTANTIAL SAFETY HAZARD? 

No 

5. ARE OTHER SIMILAR DEVIATIONS LIKELY TO EXIST? 

No 

6. OTHER COMMENTS: It is fortuitous that the cabinet does not appear to have a problem 

sed upon subsequent analysis performed by BPC during their response 
to this PFR. Thus, 

ere is no safety problem for the Engineered Safety Systems Control Cabinet CR-57. However, 

it is TPT's opinion that the PFR written against the design specification is 
valid because 

there are no instructions which lead the vendor to more specific requirements. 
It is TPT's 

opinion that the seismic qualification program performed by 
GELCO on this cabinet is of 

poor quality and may not meet industry standards.  

PREPARED BY: DATE: 

COMMENTS: 

BY: DATE:



INTERNAL CORRESPONDENCE 
GA-1076 

IN REPLY 
FROM: R. Vollman REFER TO: 

TO: Potential Findings Committee DATE: March 24, 1982 

SUBJECT: PFR-0017 Impact Assessment on Seismic 
Qualification of Control Cabinet CR-57 

SUMMARY 

A time history analysis of a 2 DOF model of the cabinet shows that 
amplified subsystem response is less than the required 3g's. Thus, there is no 
safety problem for the Engineered Safety Systems Control Cabinet CR-57.  
However, it is TPT's opinion that the PFR as written against the design spec is 
valid because there are no instructions in the specification which lead the 
vendor to more specific requirements. It is TPT's opinion that the seismic 
qualification program performed by GELCO on this cabinet is of poor quality and 
may not meet industry standards. The seismic qualification report was 
incomplete, and difficult to follow and interpret.  DISCUSSION 

The description of the potential finding is repeated in what follows for 
reference purposes.  

"The specification fails to require the vendor to consider the dynamic 
interaction of cabinets arranged in the specific manner of the San 
Onofre Control Room cabinets. Such dynamic interaction may produce 
mode shapes resulting in excessive g levels during seismic 
excitation.

Excessive g levels are greater than 3g's.  

The vendor who constructs these control cabinets is GELCO. formerly known 
as Circle A-W Products. They certified that the control cabinet met all the 
seismic requirements specified by Bechtel in the design specification based 
upon seismic. testing performed at Wyle Labs under contract to GELCO.  

The assertion of the PFR was based upon TPT's review of the design 
specification. BPC's response to this assertion is that it is their practice 
to write general design specifications for equipment and follow up later with 
specific instructions to the vendor relevant to the particular piece of 
equipment. In this case. BPC had two meetings with GELCO on January 6 and 28.  

1976 to discuss these and other details. These meetings are documented in 

1



V, 

INTERNAL CORRESPONDENCE 
GA-1076 

conference notes 1466 and 1475 which were supplied to TPT in BPC's response to 

this PFR. BPC claims that this practice constitutes a complete specification 

since it was stipulated in these conference notes, among other things, that the 

whole borseshoe arrangement must be seismically qualified (ietm 4.(6) of CN No.  

1475).  

TPT disagrees with this assertion and feels that the specification does not 

lead to the conference notes. Thus, the thread of continuity is lacking. If 
the design specification stated that BPC must review and approve seismic 

qualification test plans and procedures, then the thread of continuity would 

exist. Thus, it is TPT's contention that the PFR is valid.  

The configurations tested were portions of the total assembly, specifically 

shipping unit 3 of the double horseshoe arrangement shown in Figure 1.  

Shipping unit 3 with dummy weights attached to simulate internal equipment and 

guages was attached to a dynamic shaker table in the same manner as the actual 

installation in the Reactor Auxiliary Building. The first structural mode 

(front to back vibration) natural frequency was found to be 10 Hz. Two 

subsystems (Panels) modes were identified at 7.8 and 22.5 Hz. The maximum 

acceleration in the cabinet was found to be 2.2g's.  

It was argued that the 10 Hz natural frequency was high enough to be 

outside the amplified response regions of the floor response spectra where the 

control cabinet was located. In fact, it was stated that when the cabinet 

pieces were assembled into the horseshoe arrangement the frequency would most 

assuredly increase lending further confidence that there would be no masses 

being vibrated above 3g's. This, is the extent of GELCO's work to satisfy Item 

4.(6) of CN 1475 in which BPC instructed them to qualify the total horseshoe 

panel configuration.  

The 22.5 Hz panel mode was not considered to be a problem because the 

frequency was to far into the near rigid zone of the floor response spectra.  
There does not appear to be any considertions of coupled vibration effects at 

the unknown higher installed frequencies.  

The seismic qualification of the whole double horseshoe cabinet was based 

on the test and evaluation described above. There does not appear to be an 

approval by BPC's technical staff of this seismic qualification program.  
Acceptance appears to have been made at the project engineering level without 
staff reviews.  

Later, after the cabinets were installed in the Auxiliary Building, BPC 
asked CELCO if additional equipment could be added to the cabinets without 
affecting the seismic qualification. The concern was that additional mass 

would lower the 10 Hz natural frequency into the amplified response region.  

2



INTERNAL CORRESPONDENCE 
GA-1076 

GELCO maintained that an in-situ test would need to be performed to find out.  
The in-situ test showed that cabinet 3 bad a 33 Hz first fundamental frequency 
in the forward and backward mode and the cabinet 1 (Figure 1) had a 
corresponding frequency of 28 Ez. This raised the question by the reviewer as 
to whether the 22.5 Hz panel could be amplified beyond what the response 
spectra indicated by coubling with the 28 HZ structural mode assuming the same 
panel existed in shipping unit No. 1. Initial estimates indicated that the 3g 
limit could be exceeded if the mass ratio of the submass to the structural mass 
was low enough (about .01). Estimated values ranged from ~ .055 to - .02.  

It was not clear from the poorly executed seismic test program and 
evaluation if this was a problem. BPC's feeling was that it is not a problem.  
However, quantifiable evidence was not available.  

In BPCt s response to this PFR an analysis was performed to quantify the 
amount of added amplification the panels experienced during a seismic event due 
to coupling. A two-degree-of-freedom model was made with frequencies tuned to 
28 Hz and 22.5 Hz as shown in Figure 2. The acceleration time history used to 
generate the response spectra at the floor location nearest the cabinets was 
input. The mass ratio was varied in 3 steps of .05, .005, and .0005 to bound 
all possibilities. The highest amplified acceleration experienced by the small 
mass was 1.35g's at the smallest mass ratio. The lowest was 1.13g's. Assuming 
the cabinet was rigid and entering the response spectra at 22.5 Hz would have 
given a response of about 1.2g's. Thus, some coupling is occuring. but it is 
small because the energy level of the components of the earthquake in the 
neighborhood of 22.5 Hz at the floor of interest are low and do not excite the 
cabinets to a significant level.  

To illustrate that low frequency systems are amplified, the 22.5 and 28 Hz 
frequencies were divided by 10 to give 2.25 and 2.8 Hz. The highest amplified 
response was 4.43g's from the time history analysis and 7.01g's using the floor 
response spectra. This shows the conservativeness generally found in the 
response spectra technique when compared with the more accurate time history 
results.  

CONCLUSION 

The PFR as written against the design specification is valid in TPT's 
opinion.  

It is to be noted that during the review of this item it was judged by TPT 
that the seismic qualification program performed by GELCO is of poor quality 
and is probably not acceptable based on standards set by the industry.  
However, it is found by analysis that the cabinet subsystem response in qustion 
is below 3g's and meets the design specification requirements. Thus, there is 
no safety problem.
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TORREY PINES TECHNOLOGY A Division of General Atomic Company 

Title: PROCEDURE FOR SEISMIC DESIGN TECHNICAL REVIEW (TASK C) 

Doc. No. 2408-PD-6 Issue B Date 1/25/82 Page 1 of 35 
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GA 2076 

TORREY PINES TECHNOLOGY A Division of General Atomic Company 

Title: PROCEDURE FOR SEISMIC DESIGN TECHNICAL REVIEW (TASK C) 

Doc. No. 2408-PD-6 Issue B Date 1/25/82 Page 3 of 35 

I. Introduction 

A. Purpose 

To establish a uniform and comprehensive method to perform the 
seismic design technical review of selected safety-related structures, 
components, and systems of San Onofre Nuclear Generating Station Units 2 
and 3. The objective of the review is to ascertain if the seismic design 
of the selected features is consistent with the NRC approved design basis 
and methodology specified in Sections 3.7 and 3.8 of the Final Safety 
Analysis Report (FSAR). As a guideline in the development of these 
procedures the following questions, as they relate to seismic design, from 
Section 6.3.1 of ANSI Standard N45.2.11-1974. *Quality Assurance 
Requirements for the Design of Nuclear Power Plants, were used: 1, 2, 3, 
4, 6. 7. 8, 9, 15 (see Appendix A).  

B. Design Douet 

Design documents applicable to the item being reviewed shall be 
provided to the reviewer by the cognizant task leader. These consist of 
specifications, calculations, drawings, and design or qualification 
reports (including supporting documents and references, if necessary).  @0 All documents used in the review shall be obtained thru the Records 
Control Branch (RCB).  

II. Instructions f21 Usinga th Procedure 
E 

A. Instructions 

The reviewer shall use this procedure in conjunction with the 
flow diagram illustrated in Fig. 1. For the specific item to be reviewed, 
the reviewer shall determine the method of seismic qualification used, 
i.e., by analysis, by test, or by combined analysis and test. The 
reviewer shall proceed with the review following the steps applicable to 
the method of seismic qualification shown on the flow diagram.  

The reviewer shall address the questions given in Appendix A, as 
they apply to each step of the review process, by utilizing a list of 
factors considered important in a technical review of seismic design.  
Section III provides the lists of factors under six categories: 
structures, piping and supports, cable raceways and supports, components, 
equipment, and cables. The lists of factors are cross-referenced to the 
flow diagram and the ANSI N45.2.11-1974, Section 6.3.1 basic questions, 
where applicable.  

0*
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TORREY PINES TECHNOLOGY A Division of General Atomic Company 

Title: 
PROCEDURE FOR SEISMIC DESIGN TECHNICAL REVIEW (TASK C) 

Doc. No. 2408-PD-6 FIue B jDate 1/25/82 Page 5 of 35 

Unless otherwise specified by the cognizant task leader the 
scope of the review of procured items (i.e. items supplied by vendors or 
subcontractors to BPC, CE or SCE) shall be limited to the review of 
seismic requirements in the equipment specification or equivalent 
document.  

A check list for performing the review is included in Appendix 
B. The check list is applicable to all categories of review items and is 
consistent with the list of factors in Section III. The check list shall 
be updated and kept current by checking the appropriate columns as the 
review of each factor is completed.  

E 
B. Potential Findings 

If a discrepancy is detected as a result of work performed under 
this Procedure, a Potential Finding Report (PFR) shall be initiated in 
accordance with Document No. 2408-PD-3, unless the discrepancy is so 
insignificant that it could not conceivably directly or indirectly create 
a substantial safety hazard.
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III. Factors = Consider in the Review 
ANSI N45.2.11 
Basic 
Questions 
(Appendix A) 

A. Structures 

This section provides the list of factors to 
be considered in the review of structures.  
Included within the category are buildings, 
structural frames, equipment supports, racks 
and panels.  

E 1.0 Seismic Oualification g1thod 

The commonly used method of seismic qualifi
cation for structures is by analysis.  

20Seismic Dengig Specificatio 

Review the design specification or equivalent 1,3,4,6.15 
document for the following: 

2.1 Seismic requirements comply with appli
cable codes, regulations and standards 

E (e.g. FSAR, AISC, Reg. Guides).  

2.2 Input seismic motion in terms of time 
history or response spectra is correctly 
specified.  

2.2.1 Enveloping method 

2.2.2 Peak widening 

2.2.3 Traceability to a source document 

2.3 Damping .  

2.3.1 Bases for damping values used.  

2.3.2 Compliance with applicable regu
lations and standards.
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ANSI N45.2.11 
Basic 
Questions 
(Appendix A) 

3.0 Seismic Analysis 7 

Determine method used in performing the seismic 
analysis, i.e., dynamic analysis or equivalent 
static analysis.  

3.1 Dynamic Analysis 

3.1.1 Mathematical Model 1,2,6 

Review the mathematical model for 
reasonableness of: 

3.1.1.1 Parameters of structures.  

3.1.1.1.1 Mass distribution.  

3.1.1.1.2 Stiffness.  

3.1.1.1.3 Damping.  
E 

3.1.1.1.4 Non-symmetric torsional 
effects.  

3.1.1.1.5 Coupling of internal 
structures.  

0 

3.1.1.1.6 Decoupling criteria.  

3.1.1.2 Soil modeling characteristics 
(where soil-structure inter
action applies).  

3.1.1.2.1 Soil medium parameters, 
shear modulus, shear wave 
velocity and modulus-strain 
relation.  

3.1.1.2.2 Methods in computing soil 

spring stiffness.
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s 

x A) 

3.1.1.2.3 

3.1.1.2.4 

a, 

3.1.1.3 Supp< 
equil 

3.1.1.3.1 

3.1.1.3.2 

3.1.1.4 Mlate:, 

3.1.1.5 Assut 
catic 

3.1.2 Calculati7 

3.1.2.1 Revie 
perfo 

3.1.2.1.1 

3.1.2.1.2 

3.1.2.1.3 

3.1.2.1.4
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ANSI N45.2.11 
Basic 
Questions 
(Appendix A) 

3.1.2.2 Review hand calculations.  

3.1.2.2.1 Purpose and scope of hand 
calculations.  

3.1.2.2.2 Assumptions.  

3.1.2.2.3 Accuracy.  

3.1.2.2.4 Validity.  

3.1.3 Computer Code Input/Output 1,6,8 

3.1.3.1 Review input data for consistency 
with the mathematical model.  

3.1.3.1.1 Assumptions.  

3.1.3.1.2 Peak input acceleration 
(g-level).  

E 

3.1.3.1.3 Design response spectra and 
time history.  

3.1.3.1.4 Directional components of 
ground motion.  

z 3.1.3.1.5 Elevation of seismic input 
specified.  

-3.1.3.2 Review output for reasonableness 
when compared with input data.  

3.1.3.2.1 Natural frequencies.  

3.1.3.2.2 Mode shapes.  

3.1.3.2.3 Maximum relative displacement.  

3.1.3.2.4 Maximum acceleration.
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ANSI N45.2.11 
Basic 
Questions 
(Appendix A) 

3.1.3.2.5 Structural member forces 
(moments and shears).  

3.1.3.2.6 Time histories and in
structure response spectra.  

3.1.3.2.7 Conclusions.  

3.2 Equivalent Static Analysis 

3.2.1 Analytical Technique 1,2,6,7 

3.2.1.1 Mathematical Model. refer to 
3.1.1.  

3.2.1.2 Review the justification for 
equivalent static analysis 
method as applicable.  

3.2.1.3 Review basis for equivalent 
g loading or ZPA with scale 

factor as appropriate.  

:2 ~4.0 Stress ~ .j 

For the selected critical areas and support, 4,6.9,15 
review: 

4.1 Loading combinations comply with 
FSAR, and AISC and ACI guidelines 
(assume all non-seismic loads are 
correct).  

4.2 Calculated stresses comply with codes 
and standards (ASME, AISC, ACI or FSAR).  

4.2.1 Stress combinations.  

4.2.2 Code allowables and margins.  

4.2.3 Conclusions and compliance to 
code requirements.
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ANSI N45.2.11 
Basic 
Questions 
(Appendix A) 

4.3 Structural design of support anchor 
locations for selected components, 
piping and equipment, etc. to assure 
loads have been properly accounted.  

4.4 Wherever applicable the feedback loads 
from component seismic analysis.  

E 

03 

Ln
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ANSI N45.2.11 
Basic 
Questions 
(Appendix A) 

B* Piping anld SuRports 

This section provides the list of factors to 
be considered in the review for piping.  
Selected pipe supports will be reviewed for 
structural adequacy.  

1.0 Seismi Oualification Method 
E 

The commonly used method of seismic 
qualification for piping and supports 
is by analysis.  

2.0 Seismic Design Specification 1,3,4.6,15 

Review the design specification or 
equivalent document for the following: 

2.1 Seismic requirements comply with 
applicable codes, regulations and 
standards (e.g.. FSAR, ASME).  

2.2 Input in-structure response spectra.  

2.2.1 Enveloping method.  

2.2.2 Peak widening.  
z 

2.2.3 Traceability to a source 
document.  

2.3 Damping 

2.3.1 Bases for damping values used.  

2.3.2 Compliance with applicable 
regulations and standards.
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ANSI N45.2.11 
Basic 

Questions 
(Appendix A) 

2.4 Anchor movements.  

2.4.1 Movements are correctly 
specified.  

2.4.2 Movements are traceable to 
a source document.  

2.5 Piping class.  
2 

3.0 Seismic Analysis 7 

Determine method used in performing the 
seismic analysis, i.e., dynamic analysis 
or equivalent static analysis.  

3.1 Dynamic Analysi 

3.1.1 Mathematical Model 1,2,6 cc 

Review the mathematical model 
for the bases and reasonable
ness of: 

3.1.1.1 Boundaries of the selected 
piping system.  

3.1.1.1.1 Branches.  

3.1.1.1.2 Piping line designation.  

3.1.1.2 Piping isometric comparison 
with piping layout drawings.  

3.1.1.3 Physical properties.  

3.1.1.3.1 Pipe size, diameter, 
wall thickness, 
insulation.  

3.1.1.3.2 Weights (including 

water).
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ANSI N45.2.11 
Basic 
Questions 
(Appendix A) 

3.1.1.4 Piping supports.  

3.1.1.4.1 Location.  

3.1.1.4.2 Type.  

3.1.1.4.3 Direction.  

3.1.1.5 Valves.  

3.1.1.5.1 Location.  

3.1.1.5.2 Mass distribution.  

3.1.1.6 Material properties.  

3.1.1.7 Assumptions and/or simpli
fications in developing 
the model.  

3.1.2 Calculational Method 1.2,7 

3.1.2.1 Review the code(s) used in 

performing the analysis.  

3.1.2.1.1 Capabilities of the code.  

3.1.2.1.2 Limitations of the code.  

3.1.2.1.3 Applicability of the code.  

3.1.2.1.4 Validation documentation.  
(For computer codes used 
in several analyses under 
review, only one reviewer 
shall review the vali
dation documentation.  
This review shall then be 
referenced by the other 
reviewers.)
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ANSI N45.2.11 
Basic 
Questions 
(Appendix A) 

3.1.2.2 Review hand calculations.  

3.1.2.2.1 Purpose and scope of 
hand calculations.  

3.1.2.2.2 Assumptions.  

3.1.2.2.3 Accuracy.  

3.1.2.2.4 Validity.  

3.1.3 Computer Code Input/Output 1,6,8 

3.1.3.1 Review input data for 
consistency with the 
mathematical model.  

3.1.3.1.1 Assumptions 

3.1.3.1.2 Peak acceleration.  

3.1.3.1.3 In-structure response 
spectra.  

3.1.3.2 Review output for reason
ableness when compared 
with input data.  

3.1.3.2.1 Modes analyzed.  

3.1.3.2.2 Frequency range.  

3.1.3.2.3 Loads.  

3.1.3.2.4 Displacements 

3.1.3.2.5 Conclusions.
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ANSI N45.2.11 
Basic 
Questions 
(Appendix A) 

3.2 Equivalent 2SL-lic Aalysis 

3.2.1 Analytical Technique 1.2,6,7 

3.2.1.1 Mathematical Model. refer 
to 3.1.1.  

3.2.1.2 Review the justification 
for the equivalent static 
analysis method.  

3.2.1.3 Review basis for the 
equivalent *g' loading 
or ZPA as appropriate.  

4.0 Stresgs Aalysis 4,6,9,15 

For the selected critical areas and supports, 
review: 

E 

4.1 Calculated loads comply with FSAR and 
ASME code (assume all non-seismic loads 
are correct).  

4.1.1 Loading tables.  

z 4.1.2 Allowable loads.  

4.1.3 Conclusion and compliance with 
code requirements.  

4.2 Calculated stresses comply with codes 
and standards (ASME or FSAR).  

4.2.1 Stress tables.  

4.2.2 Code allowables.  

4.2.3 Conclusions and compliance to 
code requirements.
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Basic 
Questions 
(Appendix A) 

4.3 Pipe support anchor loads have been 
properly integrated into the building 
structural design.  

C, 

MC 

cc
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ANSI N45.2.11 
Basic 

Questions 
(Appendix A) 

C. Cale Raceways gad Supports 

This section provides the list of factors to be 
considered in the review of cable raceways and 
supports.  

1.0 Seismic Qualification Method 

The commonly used method for the seismic 
qualification of cable raceways and supports 
is by analysis.  

2.0 Seismic Design Specification 1.3,4,6,15 

Review the design specification or 
equivalent document for the following: 

2.1 Seismic requirements comply with codes, 
regulations and standards (e.g., FSAR, 
ASME).  

E 
2.2 Input in-structure response spectra.  

2.2.1 Enveloping method.  

2.2.2 Peak widening.  

2.2.3 Traceability to a source document.  

2.3 Damping 

2.3.1 Bases for damping values used.  

2.3.2 Compliance with applicable regu
lations and standards.
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Basic 
Questions 
(Appendix A) 

3.0 Seismic Analysis 7 

Determine method used in performing the 
seismic analysis. i.e., dynamic analysis or 
equivalent static analysis.  

3.1 Dynamic Analysis 

3.1.1 Mathematical Model 1.2.6 

Review the mathematical model for 
reasonableness of: 

3.1.1.1 Boundaries of the selected 
cable raceway system.  

3.1.1.2 Physical properties.  

3.1.1.2.1 Raceway size, thickness, 
diameter.  

E 
3.1.1.2.2 Weights.  

3.1.1.3 Location of supports.  

3.1.1.4 Material properties.  

3.1.1.5 Assumptions and/or simplifiz 
cations in developing the 
model.  

3.1.2 Calculational Method 1,2,7 

3.1.2.1 Review the code(s) used in 
performing the analysis.  

3.1.2.1.1 Capabilities of the code.  

3.1.2.1.2 Limitations of the code.  

3.1.2.1.3 Applicability of the code.
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Basic 

Questions 
(Appendix A) 

3.1.2.1.4 Validation documentation.  
(For computer codes used 
in several analyses under 
review, only one reviewer 
shall review the vali
dation documentation.  
This review shall then be 
referenced by the other 
reviewers.) 

3.1.2.2 Review hand calculations.  

3.1.2.2.1. Purpose and scope of hand 
calculations.  

3.1.2.2.2 Assumptions.  

3.1.2.2.3 Accuracy.  

3.1.2.2.4 Validity.  
E 

3.1.3 Computer Code Input/Output 1,6,8 

3.1.3.1 Review input data for consistency 
with the mathematical model.  

3.1.3.1.1 Assumptions.  

3.1.3.1.2 Peak acceleration.  

3.1.3.1.3 In-structure response 
spectra.  

3.1.3.2 Review output for reasonableness 
when compared with input data.  

3.1.3.2.1 Modes analyzed.  

3.1.3.2.2 Frequency range.  

3.1.3.2.3 Loads.



GA 2076 

TORREY PINES TECHNOLOGY A Division of General Atomic Compan 

Title: PROCEDURE FOR SEISMIC DESIGN TECRNICAL REVIEW (TASK C) 

Doc. No. 2408-PD-6 j Issue B Date 1/25/82 Page 21 ot 35 

ANSI N45.2.11 
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(Appendix A) 

3.1.3.2.4 Displacements.  

3.1.3.2.5 Conclusions.  

3.2 Equivalent Static Analysis 

3.2.1 Analytical Technique 1.2.6,7 

3.2.1.1 Mathematical Model, refer to 
cc 3.1.1.  
2 

3.2.1.2 Review the justification for 
the equivalent static analysis 
method.  

3.2.1.3 Review basis for the equivalent 
gg loading or ZPA as appro

priate.  

R 4.0 Stress Amayi 4,6,9,15 

For the selected critical areas and supports, 
E review: 

4.1 Calculated loads comply with FSAR and AISC 
code (assume all non-seismic loads are 
correct).  

C 

4.1.1 Loading tables.  

4.1.2 Code allowable.  

4.1.3 Conclusion and compliance to code 
requirements.  

4.2 Calculated stresses comply with codes and 
standards (AISC or FSAR).  

4.2.1 Stress combinations.  

4.2.2 Code allowables.  

4.2.3 Conclusions and compliance to code 
requirements.
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Basic 
Questions 
(Appendix A) 

4.3 Cable raceway support loads have been 
properly integrated into the building 
structural design.  

E 

cc 

a,
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(Appendix A) 

D. Components 

This section provides list of factors to be 
considered in the review of mechanical 
components. Included in this category are 
valves, pressure vessels, tanks, pumps, 
steam generators, etc.  

0Seismic Oualification Method 

The commonly used method for the seismic 
qualification of major mechanical components 
is by analysis. Where qualification by test 
is used for mechanical components, Section 
III-E shall apply.  

2.0 Seismic i Specification 1,3,4.6,15 

Review the design specification or equivalent 
document for the following: 

2.1 Seismic requirements comply with codes, 
regulations and standards (e.g., FSAR, 
ASME).  

2.2 Input in-structure response spectra is 
correctly specified.  

2.2.1 Enveloping method.  

2.2.2 Peak widening.  

2.2.3 Traceability to a source document.  

2.3 Damping 

2.3.1 Bases for damping values used.  

2.3.2 Compliance with applicable regu
lations and standards.
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3.0 Seismic Analysis 7 

Determine method used in performing the seismic 
analysis, i.e., dynamic analysis or equivalent 
static analysis.  

3.1 Dynamic Analysis 

3.1.1 Mathematical Model 1,2,6 

Review the mathematical model for 
reasonableness of: 

3.1.1.1 Physical properties 

3.1.1.1.1 Weight 
3.1.1.1.2 Stiffness 
3.1.1.1.3 Damping 
3.1.1.1.4 Location of supports 
3.1.1.1.5 Geometry 
3.1.1.1.6 Boundary conditions.  

0 

M 3.1.1.2 Material properties.  

3.1.1.3 Assumptions and/or simplifi
cations in developing the model.  

3.1.2 Calculational Method 1,2,7 

3.1.2.1 Review the computer code(s) used 
in performing the analysis.  

3.1.2.1.1 Capabilities of the code(s).  

3.1.2.1.2 Limitations of the code(s).  

3.1.2.1.3 Applicability of the code(s).  

I
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3.1.2.1.4 Validation documentation.  
(For computer codes used 
in several analyses under 
review, only one reviewer 
shall review the vali
dation documentation.  
This review shall then be 
referenced by the other 
reviewers.) 

3.1.2.2 Review hand calculations.  

3.1.2.2.1 Purpose and scope of hand 
calculations.  

3.1.2.2.2 Assumptions.  

3.1.2.2.3 Accuracy.  

3.1.2.2.4 Validity.  

3.1.3 Computer Code Input/Output 1,6,8 

3.1.3.1 Review input data for consistency 
with mathematical model.  

3.1.3.1.1 Assumptions.  

3.1.3.1.2 Peak acceleration.  

3.1.3.1.3 In-structure response spectra.  

3.1.3.2 Review output for reasonable when 
compared with input data.  

3.1.3.2.1 Natural frequencies.  

3.1.3.2.2 Mode shapes.  

3.1.3.2.3 Maximum relative displacement.
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3.1.3.2.4 Structure member forces 
(moments and shears) 

3.1.3.2.5 Conclusions.  

3.2 Lquivale Static Analysis 

3.2.1 Analytical Techniques 1,2,6,7 

E 3.2.1.1 Mathematical Model, refer to 
3.1.1.  

3.2.1.2 Review the justification for 
equivalent static analysis 
method as applicable.  

3.2.1.3 Review basis for equivalent g 
loading or ZPA as appropriate.  

4.0 Stes Analy sis 

For the selected critical areas, review: 4,6.9,15 

4.1 Loading combinations and loading tables 
comply with FSAR and ASME guidelines 
(assume all non-seismic loads are correct).  

*.2 Calculated stresses comply with codes and 
standards (ASHE, AISC or FSAR).  

4.2.1 Stress combinations.  

4.2.2 Code allowables and margins.  

4.2.3 Conclusions and compliance to code 
requirements.  

4.3 That support loads have been properly inte
grated into the building structural design.
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E. Eqipment 

This section provides the list of factors to 
be considered in the review of instruments, 
controls and electrical equipment.  

1.0 Seismic Oualification Method 

The commonly used method of seismic qualifi
cation for equipment is by test. Two types 
of test approaches utilized are (1) test to 
equipment level response spectra and (2) test 
to a maximum specified seismic level.  

2.0Seismic Euiment Specification 1,2.3,4,6, 
7,9,15 

2.1 Equipment Tested to Equipment Level 
Response Spectra 

Review the equipment specification or 
equivalent document for the following: 

E 

2.1.1 Seismic requirements comply with 
applicable codes, regulations and 
standards (e.g., FSAR. IEEE-344).  

2.1.2 Specified equipment level response 
spectra is consistent with the in

Z structure response spectra taking 
into account mount design.  

2.1.3 Input response spectra is traceable 
to a controlled source document.  

2.1.4 Appropriate mounting interfaces are 
specified.  

2.1.5 Operability requirements specified 
for active equipment.
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2.2 Equipment tested to maximum seismic level.  

Review the equipment specification or 
equivalent document for the following: 

2.2.1 Seismic requirements comply with 
applicable codes, regulations and 
standards (e.g., FSAR, IEEE-344).  

E 
2.2.2 Selected item is listed.  

2.3 For selected items, review that the mount 
design does not result in seismic response 
at the equipment level exceeding the test 
specification. Review the mount design 
using procedure for structures (Section III-A).  

7, 

04
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ANSI N45.2.11 
Basic 

Questions 
(Appendix A) 

F. Cables 

This section provides the procedure for 
performing the review of control, 
instrumentation and electrical cables.  

1.0 Seismic Rvie Method 1,2,3,4,6, 
9,15 

Review the cable routing for selected 
safety related cables to insure that 
they are routed in Seismic Category 1 
raceways.  

.  

c
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IV. Review Evaluation Report 

A Review Evaluation Report (RER) shall be prepared by the reviewer 
for the item reviewed. The report shall have a unique number assigned by 
the project manager. Prior to issue, the report shall be approved by the 
appropriate cognizant task leader and the project manager. The report 
shall be written as soon as the review is complete and shall be revised 
based on the resolution of the Potential Findings and Impact Assessment 
Report if required.  

A. Coe ZA" 

Use form GA-2077.  

B. Description 

Give item name and identifying number(s).  

Briefly describe the item and identify the organization 
responsible for the feature, i.e., CE, BPC, and if sub
contracted, identify vendor and/or subcontractor.  

C. Documents Re-viewed 

List all documents including specifications, calculations, 
reports, drawings, sketches, references, etc. Revision 
number and GAC log number shall also be noted.  

D. References 

List all documents, drawings, reports, books, etc. used as 
Z references in performing the review.  

E. Computer Codes 

List all computer codes and versions that were used in 
performing the analysis that was reviewed. Reference of 
the review of the validation documentation for the codes 
shall be included.
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F. Discussion 

Briefly describe the manner in which the review was carried 
out highlighting any assumptions, simplifications, 
analytical checks, etc. made during the review. Include any 
hand calculations made during the review. Refer to specific 
factors to be considered under the appropriate category in 
Section III of this procedure.  

G. Potential Findings 

E Discuss and attach each Potential Finding made during the 
review.  

H. Conclusion 

This will take one of two forms depending on the results of 
the review.  

1. If the review resulted in no Potential Findings, the 
conclusion is simply a statement saying that based on 
the review performed per the above discussion it is 
believed that the seismic design of the item in 
question is adequate within the bounds of the review.  

2. If the review resulted in a Potential Finding(s), the -Z Potential Finding(s) should be listed with a reference 
to the appropriate Potential Finding Report (PFR)* for 
processing and resolution. Conclusion will be based 
on the resolution of the Potential Finding and the 

z Impact Assessment Report.  

I. Review Check Li-st 

Include the review check list per Appendix B.  

*See Document No. 2408-PD-3, Processing of Findings.
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Appendix A - ANSI N45.2-11-1974, Section 6.3.1 Basic Questions 

1. Were the inputs correctly selected and incorporated into design? 

2. Are assumptions necessary to perform the design activity adequately described and reasonable? Where necessary, are the assumptions identified for subsequent re-verifications when the detailed design activities are completed? 

3. Are the appropriate quality and quality assurance requirements 
specified? 

4. Are the applicable codes, standards and regulatory requirements 
including issue and addenda properly identified and are their requirements for design met? 

6. Have the design interface requirements been satisifed? 

7. Was an appropriate design method used? 

8. Is the output reasonable compared to inputs? 

9. Are the specified parts, equipment, and processes suitable for the required application? 

- 15. Are the acceptance criteria incorporated in the design documents sufficient to allow verification that design requirements have 
been satisfactorily accomplished? 

cc 

0
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I. Item Reviewed 

II. Category 

III. Checklist 

Review(2) PFR 

Factor(1) Yes No N/A Item(3) Remarks 

1.0 

2.2, 

2.1 

2.1.1 
2.1.2.11 

-2.1,.3 
2.1. . 4 
2,.1. 15 

2.2.1.2 

..2.3 

2.3.2,4 
2.41.1.4,2 

32.4.  

2.1 

3L J i L -__ 

3. . . . - _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ 

.2.  
-3 1 2. .  

Cu ZLI-3-1-.___ 

a UU -6
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Factor(1) Review( 2 ) PFR Remarks 

Yes No N/A Item(3) 

. 3.1.1.7 
3.1.2.1,1 
3.1,2.1.2 

3.1.2,2,3 

3.1.321 

3.1.3.2.1 

3,1,3.2.4 

4.13- 2 

43.12. 1 
(a2 Chck aprpit column rovide rearks is aplicable 

W L ~3.1.3.2.7 _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _ _ __ _ _ _ _ _ _ _ 

(3)2de t  itemsfor whichaPFRhasbeenissued.  

(1)NumerscoespondB demic weith Tectorsalistve inhecklinst 

( 32.hc1 proraeclun-poie eak2splcbe 
( 3).dnif2tmsfrwhc1.PRhsenisud 

Rei4 rSgaue____________Dt.)o1eiw__________ 

APEDXB-SimcDeinTcnia.eiw1hcls
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Notes 

(1) Numbers correspond directly with factors listed in Section III.  
(2) Check appropriate column - provide remarks is applicable.  
(3) Identify items for which a PFR has been issued.  

E 

D 

Reviewer Signature Date(s) of Review 

E


