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The following is a list of action items resulting from the 4/2/85 and 4/3/85 
meetings with the NRC. The LTS Section numbers are from the SCE Report No.  
01-0310-1368, "San Onofre Generating Station Unit 1 Seismic. Program for Long 
Term Service," Submitted to NRC on March 8, 1985.  

I. ACTION ITEMS ASSOCIATED WITH CRITERIA AND METHODOLOGY 

ACTION ITEM LTS SECTION 

I.1 Provide a report justifying the use of a stress 3.1 
criterion of 2.OSy for large-bore piping and a 
2 percent strain criterion for stainless steel 

1.2 -Provide a small bore piping verification report 3.1 

1.3 Provide justification that ductility is < 3.0.for 30% 3.3.1 
increase due to material overstrength and strain rate 3.4 

1.4 Compare AISC and SEP guidelines for the buckling 3.4 
evaluation for secondary steel structures 3.3.1 

1.5 Provide a report summarizing the results of the 3.7 
Refueling Water Storage Tank analysis 

1.6 Provide backup on 1/8" deflection criterion for 4.2.1.1 
structure rigidity check 

1.7 Provide Piping Computer Code SUPERPIPE benchmark 4.2.1.2 
information 

1.8 Provide a report summarizing the energy balance 4.2.2.2 
method and the results of the sample verification 
analysis 

1.9 Provide a report summarizing the theory, assumptions 4.2.2.3 
and procedures for the secant stiffness application 
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II. ACTION ITEMS ASSOCIATED WITH DIRECT GENERATION AND CQC RESPONSE 
COMBINATIONS 

ACTION ITEM LTS SECTION 

II.1 Provide a quantitative definition of a wide band 4.1 
spectrum and a narrow band spectrum for use in FLORA..  

11.2 Provide criteria for determining primary/secondary 4.1 
interaction, particularly the value EM.  

II.3 Provide a table listing the formulae for correlation 4.1 
coefficients from the different methodologies.  

11.4 Provide the criteria to establish the frequency range 4.1 
where primary/secondary system interaction is 
significant.  

II.5 Provide a description of RV SUPERPIPE and FLORA 4.1 
frequency cutoff and how higher frequency modes 
are handled.  

11.6 Clarify the peak acceleration values in Figure 6 of 4.1 
the Impell Report "FLORA, A Program for the Direct 
Generation of Floor Response Spectra." 

2



III. ACTION ITEMS ASSOCIATED WITH CLASSI AND SOIL PROPERTIES 

ACTION ITEM LTS SECTION 

III.1 Provide a verification package on the CLASSI code. 4.1 

111.2 Provide a site-specific basis for soil material 4.1 
damping equal to 11 percent.  

111.3 Provide a review of the existing criteria for soil 4.1 
shear modulus variation at SONGS-1.  

111.4 Provide a review of existing data on basemat 4.1 
flexibility sensitivity studies for SONGS 2 and 3.  

111.5 Provide the details of the SHAKE-soil parameter 4.1 
studies as far as the locations of the lower 
boundary.  
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IV. TEST PROBLEMS 

The test problems and results are contained in the Report No.  
01-0310-1389, "Methodology Test Problems SONGS-1 Long Term Service 
Seismic Program," Volumes 1 and 2, Revision 0, April 15, 1985.  
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ACTION ITEM I.1: 

Provide a report justifying the use of a stress criterion of 2.0 S for 
all large-bore piping and a 2 percent strain criterion for stainle s 
steel large bore piping (LTS Section 3.1).  

RESPONSE: 

The justification is summarized in an attached report titled "SONGS-1 
Technical Basis for Piping Strain and Stress Limits, Long Term Service 
Seismic Program," dated April 15, 1985.  

As stated in the report, two criteria for LTS large-bore piping 
qualification are proposed as follows: 

* Strain Criterion: one percent strain for carbon steel and two 
percent strain for stainless steel.  

* Stress Criterion: The elastically calculated piping primary stress, 
as defined in Equation 9 of the ASME Boiler & Pressure Vessel Code, 
Section III, Class 2/3 piping for Level 0 Service Condition, is to 
be compared to a stress limit of 2.0 times the yield strength (S ) 
at the maximum operating temperature as follows: 

PD Ma+Mb 
T + 0.75 i 2.0 Sy 
where 

P = Internal maximum operating pressure, psig 
Do = Outside diameter of pipe, in.  
t = Nominal wall thickness of pipe, in.  
Z = Sectional modulus, in3 
i = Stress intensification factor as listed in Figure 

NC-3673.2(b)-l of ASME B&PV, Section III, Subsection NC, 1980 
Edition, Winter 1980 Addenda (This is the Code of Record for 
SONGS-1 Systematic Evaluation Program).  

Ma = Resultant moment due to gravity loads, in-lbs 
Mb = Resultant moment due to 0.67 g Modified Housner Design 

Spectrum inertia, as calculated by linear elastic methods, 
in-lbs 

Sy = Piping material yield strength at maximum operating 
temperature, psi (obtain Sy from Appendix I of ASME Code).  

This applies to both carbon and stainless steel piping.  

Subsequent to the April 2, 1985 and April 3, 1985 meetings with the NRC, 
SCE further consulted with the NRC staff regarding the proposed stress 
criterion during telephone discussions on April 5, 1985 and April 11, 
1985. During these discussions, NRC staff recommended two alternatives 
to the proposed criterion as follows: 
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Alternative 1: Use 2.0 S and apply the Class 1 stress indices (Bl and 
B2) appro ch.  

Alternative 2: Use 1.8 S and apply the Class 2/3 stress intensifica
tion factxr approach.  

SCE feels that the justification for 2.0 S,. using the Class 2/3 stress 
intensification factor approach is sound. However, if the 2.0 S 
criterion is not acceptable as proposed in this submittal, SCE will 
revise the proposed stress criterion to use 1.8 Sy as the allowable 
(Alternative 2).  
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ACTION ITEM 1.2: 

Provide a small-bore piping verification report .(LTS Section 3.1).  

RESPONSE: 

SCE will submit a small-bore piping verification report to the NRC by 
April 19, 1985.  
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ACTION ITEM 1.3: 

Provide justification that ductility is-s< 3.0 for 30% increase due to 
material overstrength and strain rate (LTS Sections 3.3.1 and 3.4).  

RESPONSE: 

In applying Code rules, a departure from the Code will be taken on a 
case-by-case basis for the qualification of existing supporting 
structures. The Code values for material yield strength will be 
increased by 30 percent to represent material overstrength and strain 
rate effects. It should be emphasized that this increase accounts for 
inherent conservatism in the Code-specified yield strength and is not a 
redefinition of the Level D Code allowable.  

However, postulating a case where a supporting steel member has a nominal 
yield value as specified by the Code, the upper bound ductility value is 
evaluated and compared to a ductility value of 3.0.  

The ductility,pj, as defined by SONGS-1 Return to Service criteria for 
the evaluation of secondary steel members [1] is 

p= 1/2 EP/Py + M/Mp] 2 + 1/2 

where P = elastically calculated axial load 
M = elastically calculated bending moment 
Py = yield load 
Mp = plastic moment capacity 

Based on this definition of ductility, a maximum ductility of 1.7 (see 
Attachment 1) is determined for a 30 percent increase in the Code Level 0 
allowable for structural steel. Therefore, allowing an increase of 30 
percent in material yield strength is within the ductility limit of 3.0 
as established in the SONGS-1 Return to Service criteria.  

REFERENCE: 

1. Bechtel Power Corporation Project Design Criteria, Subjob 430-471, 
Revision 2.  
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Attachment 1 to Action Item 1.3 

Consider ductility as defined by SONGS 1 Return-to-Service Criteria: 

/1 = 1/2 [P/Py + M/Mp] 2 + 1/2 [1] 

Level D stress allowable for tension and bending, Fa = min(l.2 F 
0.7 Su) 

Considering a 30 percent increase in material yield strength for the 
limiting value of 1.2 Fy, 

Fa = 1.2 x (1.3F ) = 1.56F 

Therefore, the elastic stress, 

P/A + M/S is limited to 1.5 6Fy 

where A = cross-sectional area 
S = elastic section modulus 

So, given that 

* P/A + M/S = .56Fy 

* tensile load at yield, P y Fy x A 

* bending moment at yield, Mp = Fy x Z, where Z plastic section 
modulus 

Then, 
P = (.56F, - M/S) x A 

(1.56F - M/S) x A M 
and P/P + M/M = + 

y p FxA F x Z 
y y 

= 1.56 - M/(FyS) + M/(FyZ) = 1.56 

Conservatively, consider that the shape factor, f = Z/S = 1, then Z =S 
and 

P/Py + M/Mp = 1.56 - M/(FyS) + M/(F yS = 1.56 

Therefore, 

,max = 1/2 [P/Py + M/Mp] 2 + 1/2 

1/2 [1.56]2 + 1/2 

= 1.7 < 3.0 

CONCLUSION: A 30 percent increase in material yield strength allows a 
ductility less than the limit of 3.0.  
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ACTION ITEM 1.4: 

Compare AISC and SEP guidelines for the buckling evaluation of secondary 
steel members (LTS Sections 3.3.1 and 3.4).  

RESPONSE: 

As stated in Section 4.5 of the LTS Criteria Document Llj, all secondary 
steel members will be evaluated for secondary failure modes (or geometric 
buckling). This includes a check for local buckling and lateral 
torsional buckling. The criteria for this evaluation will be the rules 
specified in the AISC Code [2].  

The SEP guidelines [3] specify that the criteria of the ASME Code 
Subsection NF be used to evaluate support structures, and do not give 
specific guidelines for geometric buckling. However, the criteria for 
geometric buckling as specified in the ASME Code are identical to those 
in the AISC Code.  

REFERENCES: 

1. SCE Report No. 01-0310-1368, "San Onofre Nuclear Generating Station 
Unit 1 Seismic Program for Long Term Service", Submitted to NRC on 
March 8, 1985.  

2. AISC, Manual of Steel Construction, 8th Edition, 1980.  

3. Letter from W. Paulson (NRC) to R. Dietch (SCE) dated September 20, 
1982, "SEP Topic 111-6, Seismic Design Considerations, Staff 
Guidelines for Seismic Evaluation Criteria for the SEP Group II 
Plants, Revision 1." 
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ACTION ITEM 1.5: 

Provide a report summarizing the results of the Refueling Water Storage 
Tank analysis (LTS Section 3.7).  

RESPONSE: 

SCE will submit an RWST evaluation report to the NRC by April 19, 1985.



ACTION ITEM 1.6: 

Provide backup on 1/8" deflection criterion for structure rigidity 
check. (LTS Section 4.2.1.1.) 

RESPONSE: 

As defined for the LTS Seismic Program, a rigid structure is one that has 
its first mode frequency over 33 Hz, or into the rigid range of the 
acceleraton spectrum defined at the base of the structure.  
Alternatively, a support structure can be considered rigid with respect 
to supported piping if it deflects less than one-eighth inch under the 
0.67 g Modified Housner Design Spectrum pipe support reaction load.  

This alternate method of evaluating the rigidity of a pipe support 
structure is supported by the following: 

* Per standard pipe support design practice, gaps of 1/8" between the 
pipe and pipe support are considered acceptable in the supported 
direction, such that the support is still considered rigid. The 
deflection of the pipe at it travels through this 1/8" does not have 
an adverse effect on the pipe. The 1/8" deflection check for 
rigidity likewise will have no significant effect on the pipe.  

* A review of industry-standard pipe support stiffnesses and typical 
design support loads indicates that 1/8" is a typical deflection 
under load.  

* Rigid pipe supports will be modeled in the SONGS-1 piping analysis 
with a generic support flexibility provided for various pipe sizes 
[1]. The loads required to induce a 1/8" support deflection for 
members correspond reasonably to typical loads imposed by piping 
systems under the 0.67 Modified Housner Design Spectrum loading.  

In conclusion, using a one-eighth inch deflection as a guide to determine 
the rigidity of a structure is consistent with standard accepted pipe 
support and piping analysis design and modeling procedures and is 
therefore acceptable.  

REFERENCE: 

1. SCE Report No. 01-0310-1368, "SONGS-1, Seismic Program for Long Term 
Service," Submitted to NRC on March 8, 1985.  
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ACTION ITEM 1.7: 

Provide piping computer code SUPERPIPE benchmark information (LTS Section 
4.2.1.2).  

RESPONSE: 

Impell piping computer code SUPERPIPE benchmark results have been 
summarized in an attached report prepared for the NRC, titled "SUPERPIPE 
Verification to Benchmark Problems Contained in NUREG/CR 1677, Report 
01-0160-1187," Revision 0, September 1981.  

Also attached (next page) is the transmittal letter for that report, EDS 
letter from R. J. Stuart (EDS) to Mark Hartzman (NRC), dated September 
22, 1981 (EDS was Impell's name at that time).  
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e:ds -nuclea() () 
EDS Nuclear Inc.  
220 Montgomery Street 
San Francisco. California 94104 
(415) 544-8= 

September 22, 1981 

Dr. Mark Hartzman 
Mechanical Enqineering Branch 
Division of Engineering 
UNITED STATES NUCLEAR REGULATORY COMMISSION 
Washington, D.C. 20555 

Dear Dr. Hartzman: 

In accordance with the request in your letter dated 
May 5, 1981, we have enclosed a report documenting 
comparison of results obtained using our SUPERPIPE 
computer program against benchmark results for 
piping problems published in NUREG/CR-1677. We 
have also enclosed a copy of the SUPERPIPE User's 
Manual to facilitate understanding of program 
capabilities and results.  

The comparison shows excellent agreement between 
SUPERPIPE. and NUREG results. If you have any 
questions, please contact Jerry Goedicke or myself.  

Very truly yours, 

R. J. Stuart 
Vice-Presidento& Deputy Manager 
Business Development 

RJS/csn 

Enclosures 

SiF(Z:,jC. r4eW york* A.,s~



ACTION ITEM 1.8: 

Provide report summarizing the energy balance method and the results of 
the sample verification analysis (LTS Section 4.2.2.2).  

RESPONSE: 

The energy balance method is described in an attached report, titled, 
"Energy Balance Method for Piping Systems," dated April 15, 1985.  

The results of the sample verification are summarized in an attached 
calculation no. EB-1, titled "Energy Balance Method Verification." 
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ACTION ITEM 1.9: 

Provide a report summarizing the theory, assumptions and procedures for 
the secant stiffness application (LTS Section 4.2.2.3).  

RESPONSE: 

The discussion of secant stiffness application is summarized in an 
attached report titled "Secant Stiffness Method as Applied to the 
Evaluation of Pipe - Structure Interaction," dated April 15, 1985.  
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ACTION ITEM II.1: 

Provide a quantitative definition of a wide-band spectrum and a 
narrow-band spectrum for use in FLORA.  

RESPONSE: 

In general, any spectrum can be considered wide banded if the power 
spectral density of the enveloping time history is smooth in the range of 
the structural frequencies of interest.  

This definition of a wide-band spectrum can be applied to any design 
ground response spectrum similar to Reg. Guide 1.60. If the input 
spectrum to the system corresponds to an in-structure response spectrum, 
the narrow-band option is used. If there is any doubt about which option 
to use, the narrow-band option always gives the correct solution to any 
input spectrum but at substantial computational effort.



ACTION ITEM 11.2: 

Provide criteria for determining primary/secondary interaction, 
particularly the value EM.  

RESPONSES: 

Several values of the parameter EM will be-used in FLORA to generate 
generic floor response spectra, similar to the generation of various 
damped spectra curves for one node point. A typical plot of spectra vs 
different values of EM is attached. For practical purposes, the range of 
EM will vary between EM = 0 (no interaction considered) and EM = total 
mass of the heaviest piping system attached to the support level where 
the floor spectrum is evaluated. A set of spectra will be evaluated for 
EM values between these two limits.  

To analyze a specific pipeline, we need to choose the spectral ordinate 
for the frequencies of the piping from the proper spectrum curves. To 
determine which spectrum curves correspond to the specific pipe line, the 
mass mik (for frequency wi and for spectra at group level k) is 
evaluated as follows: 

(YYLWL i W; J6 

where: 
mi modal mass of the i-th mode of the piping 
wi frequency of the i-th mode of the piping. For conservatism in the 

generation of the floor response spectrum, the largest frequency of 
the two closely spaced modes is chosen (i.e. either the structure or 
the piping frequency).  

0i i-th mode shape of the piping 
kc matrix containing the support stiffnesses 
41 vector containing the elements of the structure I-th mode shape at 

the support locations (frequency of mode I is the closest structural 
frequency to the frequency of mode i of the pipeline) 

IK element of :1corresponding to the group level k 

Once the appropriate mass mik is known, we can choose the spectral 
ordinates from the spectrum at support k such that mik = EM (or the 
spectral ordinate is obtained by interpolating between the spectra 
corresponding to the two closest EM values).  
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ACTION ITEM 11.3: 

Provide a table listing the formulae for correlation coefficients from 
the different methodologies.  

RESPONSE: 

The correlation coefficients for the different methodologies are defined 
below: 

(a) CQC: 

(b) FLORA: 
Same coefficient as in CQC 

(c) PREPROCESSOR FOR RV SUPERPIPE 
(1) Dynamic component of response: 

where 

Sk1 ( > ) J J ) is the ordinate of the acceleration 
cross-cross response spectrum for modes i and j and group 
levels k and 1, 

Sk ( LO; l, ) is the ordinate of the acceleration floor 
response spectrum for mode i at group level k.  
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(2) Pseudostatic component of response: 

bkl 

ILJA4 U tLd 

where 

Ckl term is.proportional to the covariance of the 
displacements of the group levels k and 1 

Uk = maximum displacement of the structure at location of the 
group level k.  

(d) SUPERPIPE: 

No correlation coefficient is used. The modal and level combination 
follow R.G. 1.92.  
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ACTION ITEM 11.4: 

Provide the criteria to establish the frequency range where primary/.  
secondary system interaction is significant.  

RESPONSE: 

Criteria for establishing significant primary/secondary interaction is 
not normally necessary when a generic approach is taken to develop 
spectra as explained in Action Item 11.1. However, significant 
interaction occurs in the range where one mode of the piping is in tune 
with one mode of the structure as given by Eq. 24, page 105 of the report 
"Dynamic Analysis of Multiply Tuned and Arbitrarily Supported Secondary 
Systems" (UCB/EERC-83/07, July 1983) by T. Igusa and A. Der Kiureghian.  

Because interaction is important inside the tuning range, the same range 
can be used to define where interaction will affect the floor response 
spectra. In the range where interaction is not important, the ordinates 
of the floor spectra are not affected significantly by the value of the 
mass used to generate them. In practical applications and for the 
reasons mentioned above, we will use the formula to evaluate the mass 
mik valid for the "interaction range" to generate the spectrum 
ordinates where interaction is also not important.  

5



ACTION ITEM 11.5: 

Provide a description of RV SUPERPIPE and FLORA frequency cutoff and how 
higher frequency modes are handled.  

RESPONSE: 

(a) RV SUPERPIPE: The user specifies the frequency:cutoff (usually 33 
Hz). The high frequency piping modes are included in the response 
by using the missing mass method.  

(b) FLORA: This code requires as input the modal properties of the 
structure. Normally all the modes obtained during the structural 
analysis are included in any FLORA analysis and all of them are 
taken into account for the generation of the floor response 
spectrum. However for typical standard structures, the high 
frequency modes (e.g., F 33 Hz.) do not participate significantly 
in the dynamic response and therefore usually they are.not evaluated 
during the eigenvalue solution of the structure. In that manner, 
the problem of frequency cutoff and combination of high frequency 
modes is not considered in FLORA analysis.  
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ACTION ITEM 11.6: 

Clarify the peak acceleration values in Figure 6 of the Impell Report 
"FLORA, A Program for the Direct Generation of Floor Response Spectra." 

Response: See figure below: 

S C. C 

LEGEND: 
22.50 

0 Wide Band 
o 9------ Improved Wide Band 

03e Narrow Band 
z ©------- Time History 

UJ 
< 2.50 

W 0 " 

2 . 0 

5. 10. 2 .  

FREQUENCY (CPS) 

FIGURE 6. SECONDARY RESPONSE SPECTRA 1% DAMPING 
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ACTION ITEM III.1: 

Provide a documentation and verification package for the CLASSI Code.  

RESPONSE: 

A documentation and verification package on the CLASSI computer code for 
soil-structure interaction is attached: "CLASSI - A Program for 
Soil-Structure Interaction Using a Substructuring Technique," April 15, 
1985.



ACTION ITEM 111.2 

Provide a site-specific basis for soil material damping equal to 11 %.  

RESPONSE: 

The material damping - strain relationship for the San Mateo sand is 
shown in Figure F-5 and its development is discussed in Appendix F of the 
"Soil Backfill Condition" report which was transmitted to the NRC staff 
by Reference [1]. The material damping at the DBE major principal strain 
of 0.2% is approximately 12%. This value has been previously used in 
analyses at SONGS.  

The material damping was measured by cyclic triaxial testing in the 
laboratory and by field attenuation tests at the site as documented in 
the SONGS Units 2 and 3 PSAR and FSAR (References 2 and 3). The 
measurements were made on intact native samples and samples recompacted 
to 95 percent relative compaction and greater in the laboratory and on 
the exposed native San Mateo at plant grade at the site. The undisturbed 
samples consisted of block samples carved from the native San Mateo 
formation which were boxed and shipped intact to a nearby test lab. The 
San Mateo formation is capable of standing in high steep-angled cuts and 
can easily be sampled in this manner.  

The damping-strain relationship was also compared to data in the 
literature. As shown in Figure F-6 of Reference [1], the SONGS damping 
curve is at the lower bound of damping for shear strains greater than 
about 10-2 per ent, and covers the range of data of strains smaller 
than about 10- percent.  

For the load generation effort under the LTS program SCE intends to 
conservatively restrict material damping to 11 percent which is 
associated with soil strains of 0.1 percent whereas the expected DBE 
induced strains are 0.2 percent.  

REFERENCES: 

1. Letter to D.M. Crutchfield (NRC) from K.P. Baskin (SCE) dated April 18, 
1983, Subject: SEP Topic II-4.F SONGS-1 and Attached Appendix F, 
"Variation of Modulus and Damping with Strain, Density and Peak Ground 
Acceleration." 

2. Appendix 3.7C of SONGS Units 2 & 3 FSAR.  

3. "Material Property Studies," (SONGS 2 & 3 PSAR, Amendment No. 11, 
Appendix 2E, Attachment 3).  
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AD12 
So1 

April 18, 1983 NRC-SEP 

Director, Office of Nuclear Reactor Regulation 
Attention:.. D. M. Crutchfield, Chief 

Operating Reactors Branch No. 5 
Division of Licensing 

U. S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

Gentlemen: 

Subject: SEP Topic II-4.F 
San Onofre Nuclear Generating Station 
Unit 1 

In accordance with our letter dated January 31, 1983 enclosed are 

(1) a revised assessment for SEP Topic II-4.F, Settlement of Structures and 

Buried Equipment, and (2) rev4sed Sections 1, 2, and 3 and the appendices of 
our August 17, 1982 report regarding backfill soil conditions. It is 
anticipated that revised Sections 4 and 5 of our August 17 report and 
documentation of additional settlement measurements and concrete crack mapping 
will be submitted by about April 31, 1983.  

If you have any questions on this matter, please let us know.  

Very truly yours, 

K. P. Baskin 
Manager of Nuclear Engineering, 
Safety, and Licensing 

JLR:7368 

bcc: (See attached sheet)



Mr. D. M. Crutchfield -2- April 18, 1983 

bcc: G. 0. Cotton (SDG&E) 
D. R. Pigott (Orrick, Herrington & Sutcliffe) 
R. L. Erickson (SDG&E) 
Robert Dietch 
K. P. Baskin 
D. F. Pilmer 
J. G. Haynes 
J. M. Curran 
H. B. Ray 
D. K. Nelson 
C. R. Kocher/J. A. Beoletto 
W. C. Moody 
R. C. Blaschke 
R. W. Krieger 
J. L. Rainsberry 
D. H. Johns/C. M. Knarr 
P. W. Koss (Bechtel) 
A. Guerrero 
J. Barneich (WCC) 
NRC Files 
CDM Files 

rrfespondence 

Mgr. N.0.  

Mgr. N.S.& 

Mg.Uc. I I 

Sup.Lic. 2 

Supyv. Lic. 1 7 
Supv. O.S.  

-P~.Mgr.  

IQ~ia!. Assr./ 

Env. Afia;;-rs 
AIthor 15 

Tech. Orgs.



APPENDIX F 

VARIATION OF MODULUS AND DAMPING WITH STRAIN, DENSITY, 

AND PEAK GROUND ACCELERATION 

F-1 INTRODUCTION 

This appendix describes the development of shear modulus 

and damping relationships as a function of the induced 

strain and the -density of the soil deposit, and provides 

an indication of how modulus is affected by peak ground 

acceleration. Specifically, Section F-2 describes the 

development of the variation of the shear modulus with 

density and strain and data variations. The affect of peak 

ground acceleration on the shear modulus is discussed in 

Section F-3. Section F-4 discusses hysteretic damping as a 

C function of these 
parameters.  

F-2 DEVELOPMENT OF MODULUS RELATIONSHIPS AND DATA VARIATION 

The shear modulus-strain relationship for the San Mateo sand 

at the SONGS site was developed based upon carefully 

performed laboratory cyclic triaxial tests, and upon cross

hole and downhole geophysical measurements as reported in 

the SONGS 2 and 3 PSAR. These results were later verified 

based on foundation response tests from which excellent 

correlation was found between the actual and theoretical 

transient response of large foundations constructed at the 

SONGS site as reported in the SONGS 2 and 3 FSAR, Appendix 

3.7C. The shear modulus-strain relationship developed for 

use from these studies is as shown in Figure F-1. These 

results indicated no differences between modulus values for 

native San Mateo sand and San Mateo sand compacted to 95 

percent relative compaction or higher (as determined by ASTM



F-2 

Test Procedure 1557) in the strain range greater than about 7 X a- 3 percent major principal strain (10-2 percent shear strain).  

The shear modulus to be used in the spring constants for the response analyses of structures is therefore developed based on the relationship: 

G (psf) - 100 Km ( Om) 2 /3 

where Km is a parameter dependent on shear strain and am is the mean confining pressure equal to 2/3 of the overburden pressure o. A single value of Km = 50 is used for DE 
level seismic loading (i.e., 2/3 g peak ground acceleration) 
corresponding to an average major principal strain of 0.2 percent from Figure F-1 (shear strain of 0.27 percent).  
This strain was calculated based on 2 dimensional finite element response analyses completed for the Units 2 and 3 site and supplemented by parametric one dimensional wave propagation (SHAKE) response analyses in the Unit 1 analyses. The value of ao (from which am is calculated) is based on the confining pressure due to overburden plus bearing pressure at a depth of 1/2 equivalent foundation radius below the foundation.  

The soil conditions at the SONGS site are extremely uniform, resulting in very small areal and depth non-uniformities 
in the soil properties. The soils at the site are uniformly 

dense and extend to about 1,000 ft below site grade with the absence of significant layering, thereby precluding impedance mismatches. Based on over 100 field density tests 
at the site, the dry density of the native San Mateo sand Within 70 ft Of plant grade covering the SONGS Units 1, 2,
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and 3 areas varies up to 3 percent about a median value.  
Considering this variation in density and the Possible variation in Poisson's ratio and shear modulus due to the small area non-uniformities in the soil, a 4 5 percent variation in the soil properties is judged conservative.  Also, a variation in calculated DBE-level seismically induced strain of + 30 percent is considered appropriate 1 because it accommodates most of the seismically induced 
strain peaks dominant in the site response as shown in Figure F-2. Specifically, the top of Figure F-2 shows the L seismically induced strain-time history for the SONGS~ I DBE as calculated from one-dimensional response analysis of the site. The absolute peaks of the dominant strain pulses are plotted with time at the bottom of Figure F-2. The maximum peak strain was calculated to be 0.3 percent. An average strain of 2/3 the maximum peak value, or 0.2 percent strain, was selected for use in analysis. As shown in Figure F-2, + 30 percent of the selected average strain accommnodates all peak values between about 45 and 90 percent of the calculated maximum strain. Also 90 percent of the dominant strain peaks occurring during seismic shaking are accom

modated by this range. Therefore, this range of strain2dominates site response during DEE level shaking. The + 30 percent variation in strain results in a variation no greater than ± 10 percent in the shear modulus.  

The shear modulus values appropriate for other densities less than 95 percent relative compaction were developed based on the shape of the strain curves published by Seed and Idriss (1972) as shown in Figure F-3. Specifically, the ratio of the shear modulus values at 50 percent relative 
density (85 percent relative compaction) and 30 percent 
relative density (80 percent relative compaction) to 
85 to 90 percent relative density (95 percent relative
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compaction) is 0.79 and 0.74, respectively, at high induced 
shear strain and 0.66 and 0.49, respectively, at low induced 
shear strain as identified in Figure F-3. By taking similar 
ratios at strains ranging between 10-2 and 1 percent shear 
strain the 85 percent relative compaction curve was devel
oped in this strain range as indicated in Figure F-4.  
At shear strain lower than 10-2 percent, the shape of the 
Dr = 90 percent curve from Figure F-3 was used to extrapo
late that portion of the 95 percent relative compaction 
curve in this strain range. The 95 percent relative compac
tion curve is considerably lower than the curve for the 
native soil as might be expected considering that strains 
below 10-2 percent would not likely affect the response of 
the native structure of the soil. The remainder of the 85 
percent relative compaction shear modulus curve (km versus 
shear strain) in Figure F-4 below 10-2 percent shear strain 
was determined based on the ratio between. the Dr = 50 percent to Dr = 90 percent curves in Figure F-3 and applied 
to the 95 percent and higher relative compaction curve in 
Figure F-4.  

F-3 EFFECT OF PEAK GROUND ACCELERATION ON SHEAR MODULUS 

A set of 24 response analyses using the program SHAKE were 
completed to evaluate the affect of peak ground acceleration 
on shear modulus. The results of these analyses are 
shown in Figure F-4 for earthquakes having peak ground 
accelerations ranging between 1/100 g to 2/3 g. The shear 
modulus has been plotted on this figure as a function of 
induced seismic strain for given values of peak ground 
acceleration and density condition. As can be seen in Figure F-4, the variation of shear modulus with soil density 
is quite small for DBE level loading, showing a 20 percent 
reduction between the native or 95 percent relative compac-
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tion curves and the 85 percent relative compaction. As 

indicated in Section 3.3 of the text of this report, the 

reduction in spring constant may be considerably larger 

considering a reduction in efficiency of embedment and 

effects of potential liquefaction or high pore water pres

sures. The corresponding reduction remains relatively small 

(increasing to 30 percent or less) for earthquakes extending 

down to 1/10 g. For smaller earthquakes however, the' range 

between the various soil conditions is considerably larger, 

with the reduction between native and soil at 85 percent 

relative compaction increasing to 50 to 65 percent for very 

small earthquakes. Also, whereas there is no difference in 

modulus values between the native soil and soil compacted to 

95 percent and greater for earthquakes with a peak ground 

acceleration of 1/10 g to 2/3 g, there is a difference for 

earthquakes with a peak ground acceleration smaller than 

1/10 g.  

F-4 DEVELOPMENT OF DAMPING RELATIONSHIPS 

The damping-strain relationship for the San Mateo sand at 

the SONGS site shown in Figure F-5 was developed in parallel 

with the shear modulus-strain relationship discussed in 

Section F-2. The hysteretic damping was me'sured by cyclic 

triaxial testing in the laboratory and by field attenuation 

tests at the site as documented in the SONGS Units 2 and 3 

PSAR and FSAR. The measurements were made on intact native 

samples and samples recompacted to 95 percent relative 

compaction and greater in the laboratory and on the exposed 

native San Mateo at plant grade at the site. The foundation 

response tests set up the procedure for combining hysteretic 

and geometric damping to develop conservative damping 

parameters for soil-structure interaction analyses as 

documented in Appendix 3.7C of the SONGS 2 and 3 FSAR.
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To develop the damping strain relationship for the hyster

etic damping component for soils compacted to densities 

lower than 95 percent relative compaction, the damping

strain relationship from Figure F-5 was overplotted onto 

the damping-strain curves and data from Seed and Idriss, 

1972 shown in Figure F-6. As shown in Figure F-6, the SONGS 

damping curve is at the lower bound of damping for shear 

strains greater than about 10-2 percent, and covers the 

range of data at strains smaller than about 10-2 percent.  

This curve was used for the San Mateo sand independent of 

compaction density. Considering that the damping ratios are 

at the low bound of those measured by others as indicated 

in Figure F-6 the use of these damping ratios is considered 

to be conservative for backfill soils.
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ACTION ITEM 111.3: 

Provide a review of the existing criteria for soil shear modulus 
variation at SONGS-l.  

RESPONSE: 

SCE has reviewed the existing soil shear modulus criteria at SONGS-1 and 
the applicable portions of our previous submittal on this issue is 
provided (attached) for your review in Reference [1] Items 1.1 and III.1.  

During the LTS Seismic analysis effort, it is our intention to broaden 
the in-structure.response spectra peaks for the Containment Building by + 
15 percent to account for the uncertainties encountered in the structuraT 
stiffness, mass distribution, soil-structure interaction methodology and 
site specific soil variation properties. This broadening will envelop 
all parametric variations described.in the attached submittal.  

REFERENCES: 

1. Letter to D. M. Crutchfield (NRC) from K. P. Baskin (SCE) dated September 
15, 1982, Subject: Docket No. 50-206 Responses to Open Items SEP Topic 
111-6, Seismic Design Consideration, SONGS-1.  
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September 15, 1982 NRC-SEP 0-x 

Director. Office of Nuclear Reactor Regulation 
Attention: D. M. Crutchfield, Chief 

Operating Reactors Branch No. 5 
Division of Licensing 

U. S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

Gentlemen: 

Subject: Docket No. 50-206 
Responses to Open Items 
SEP Topic 111-6 
Seismic Design Considerations 
San Onofre Nuclear Generating Station 
Unit 1 

By letter dated August 26, 1982, we provided responses 
to a number 

of open items from a meeting with the NRC on July 28 to 30, 
1982. Enclosed 

are the responses to additional items from that meeting. Specifically, the 

responses to Items I.1, 11.1, 111.1, 111.2 and III.A.2(a) of Enclosure 1 to 

the NRC's June 30, 1982 letter are enclosed.  

If you have any questions regarding any of this information, 
please 

let us know.  

Very truly yours, 

K. P. Baskin 
Manager of Nuclear Engineering, 
Safety, and Licensing 

JLR:5455 
Enclosures 

cc: T. Y. Lo (LLNL) 

bcc: (See attached sheet)



Mr. D. M. Crutchfield -2

bcc: G. D. Cotton (SD&GE) 
D. R. Pigott (Orrick, Herrington & Sutcliffe) 
Robert Dietch 
K. P. Baskin 
D. F. Pilmer 
J. G. Haynes 
J. M. Curran 
H. B. Ray 
D. K. Nelson.  
C. R. Kocher/J. A. Beoletto 
W. C. Moody 
R. C. Blaschke 
mR. M. Krieger 
J. L. Rainsberry 
D. H. Johns/C. M. Knarr 
P. W. Koss (Bechtel) 
A. Guerrero 
F. C. Jackley 
NRC Files 
CM Files 

HRC 
Cwresondence 

Mgr. N..A 

Mgr. NE.S.&L 
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Eny.Alairs 
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Item 1.1 & III.1 

Where soil-structure interaction was included in the analysis, identify 

the soil properties that were used in determining the soil springs for 

each BOP structure. In addition, provide information on how the uncertainty 

in soil properties was accounted for, suah as by considering a range of 
soil property variation as recommended in the SSRT Guidelines for Soil

Structure Interaction Review.  

Response: 

A. VARIATIONS IN SOIL-STRUCTURE INTERACTION PARAMETERS 

Variations in soil-structure interaction (SSI) parameters can be 

separated into two parts: 1) the variation in soil properties, and 

2) the variation in SSI methodology. The variation in soil properties 

results from variations in areal extent and/or depth of the actual 

soil medium adjacent to and under the structures, as well as the 

uncertainty in the calculated seismically induced strain. The variation 

in SSI methodology results from the uncertainties inherent in the 

formulation of the impedance parameters associated with the various 

foundation geometries and material properties.  

The areal and depth non-uniformities in the soil properties at the 

San Onofre site are small. The soils at the site are uniformly 
dense and extend to about 1,000 ft below site grade with the total 

absence of layering, thereby precluding any impedance mismatch.  

Based on over 100 field density tests at the site, the dry density 
of the native San Mateo sand within 70 ft. of plant grade covering 
the SONGS Units 1, 2, and 3 areas varies up to 3 percent about a 

median value. Considering this variation in density and the possible 

variation in Poisson's ratio and shear modulus due to the small 

areal non-uniformities in the soil, a + 5 percent variation in the 

soil properties is judged conservative. Also, a variation in 

calculated DBE-level seismically induced strain of + 30 percent is 

considered appropriate because it accommodates most-of the seismically 
induced strain peaks dominant in the site response (See Figure 1).  
Specifically, the top of Figure 1 shows the seismically induced 
strain-time history for the SONGS 1 DBE as calculated from a one

dimensional response analysis of the site. The absolute peaks of 

the dominant strain pulses are plotted with time at the bottom of 

Figure 1. The maximum peak strain was calculated to be 0.3 percent.  

An average strain of 2/3 the maximum peak value, or 0.2 percent 
strain, was selected for use in analysis. As shown in Figure 1, 
+ 30 percent of the selected average strain accomodates all peak 

values between about 45 and 90 percent of the calculated maximum 

strain. Also 90 percent of the dominant strain peaks occurring 

during seismic shaking are accommodated by this range. Therefore, 
this range of strain dominates site response during DBE level 

shaking. The + 30 percent variation in strain results in a variation 

no greater than + 10 percent in the shear modulus.



The results of the foundation response tests performed at the site 

(SONGS 2 and 3 FSAR Appendix 3.7.C) provide an estimate of the 

uncertainties inherent in the SSI methodology used at Unit 1 

because these tests tie together the use of all input geometry 
and material property parameters. The variation in the results of 

about 100 foundation response tests performed at the site using the 
shear modulus and Poisson's ratio soil properties developed from 

field geophysical and laboratory tests, was about + 10 percent.  

This is considered to be the uncertainty in the SSI methodology.  

The variation in soil properties due to areal variations in the 

soil at the site are not considered appropriate for a rigid foundation, 
because the density controlling the stiffness parameters of a large 

rigid foundation would be the average density and not one extreme.  

or the other. Therefore, the most appropriate estimate of the 

variation in the stiffness parameter for a large rigid foundation 

is + 10 percent for soil properties due to the variation in seismically 
induced strain and + 10 percent for SSI methodology.  

The variation in the stiffness parameters for the more flexible 
structures founded on long strip or isolated footings is probably 

higher than that for large rigid foundations due to the extrapolation 
of the field response test results. Tice the estimated SSI methodology 
variation for the rigid case is judged appropriate for the flexible 

case considering that these calculated values, though theoretically 
sound, are not completely constrained by the data from the site 

foundation response tests. Also, the + 5 percent variation in soil 

properties due to areal variation in the soil is considered appropriate 

for flexible structures because of the relatively small foundation 

elements providing support for these structures. The + 10 percent 

variation in soil properties due to seismically induced strain is 

also considered appropriate for flexible structures. A summary of 
the variations in the stiffness parameters considered most appropriate 

for the various types of structures are as follows: 

Resulting Variation 

Source of Variation Stiffness Parameters 

Flexible Structure 
Large Rigid with Strip and 
Foundation Isolated Foundation 

Soil Properties 

-due to areal variations 
at the site 0 + 5 percent 

-due to + 30 percent 
variation in seismic + 10 percent + 10 percent 

induced strain 

SSI Methodology + 10 percent + 20 percent



B. SOIL-STRUCTURE INTERACTION CATEGORIES 

The relationship that dominates the soil-structure interaction frequencies 
in the dynamic response analyses of structures is the relative 
rigidites of the superstructure and the lumped parameter springs and 
dampers representing the ±apedance properties of the soil-structure 
interaction. This relationship can be classified into the following 
three categories: 

1. High Relative Soil Stiffness: For this case the superstructure 
will behave as a fixed base structure. Variations in the SSI stiffness 
parameters beyond the threshold rigidity, no matter how large, 
will not change the frequency calculations since they are 
dominated by the dynamic characteristics of the superstructure.  
Likewise, the composite system damping will approach that of 
the structure.  

2. Low Relative Soil Stiffness: For this case the superstructure 
will behave as a rigid body. The factors that affect the 
frequency calculations for the lower modes are the lumped 
parameter SSI impedance values and the mass properties of the 
superstructure. Since the mass distribution of the structure 
is well defined, the controlling factor will be the soil 
stiffness. An estimate of the change in frequency can be 
made by using the equation of motion for a rigid body supported 
by a spring. It can be shown that 

(df/f) - + dK)/K - 1 

= 0.5 (dK/K) 

where, df is the change in the frequency due to a change in 
the spring stiffness, dK. The response of the structure is 
dominated by the SSI frequencies which are the lowest modes.  
In these modes, the composite system damping will approach 
that of the soil medium.  

3. Intermediate Relative Soil Stiffness: For this case the 
interaction effects are more complicated, and the identification 
of the controlling factor is more complex. However, because 
the relative stiffnesses are close, the changes in the interaction 
frequencies due to variations in the superstructure or the SSI 
stiffness parameters are expected to be minor. The composite 
system damping will be a combination of the structural and 
soil medium damping. For the purposes of this report, the 
variations associated with category 2 above are conservatively 
applied to this category.



C. APPLICATION TO SAN ONOFRE UNIT 1 STRUCTURES 

The variations in the soil-structure interaction parameters have 
been individually assessed for the containment sphere, the reactor 
building, the fuel storage building, the control and administration 
building, the turbine building and the ventilation equipment 
building. Each of these structures was analysed by a dynamic 
analysis method employing lumped parameter models for the structures 
and incorporating soil-structure interaction parameters. The 
circulating water system intake structure and the reactor auxiliary 
building are not affected by SSI effects because they are fully 
embedded. Both of these structures were analysed by the psuedo 
static method.  

The response to Item II.1 addresses the variations in SSI parameters 
for the containment sphere and the reactor structure. The effects for the other structures are discussed below.  

1. Fuel Storage Building and Ventilation Equipment Building 

The appropriate interaction category for the fuel storage 
building and ventilation equipment building is category 2.  
This is because the fixed base frequencies of each of these 
structures are "rigid" relative to the lover soil stiffness 
parameters. The fixed base frequency characteristics of the 
fuel storage building are dominated by the highly rigid fuel 
pool at its basemat, while the fixed base frequency in the 
more flexible east-vest direction of the ventilation equipment 
building was determined to be around 20 cps. Therefore, the 
SSI model will behave as a rigid body for these structures and 
the uncertainties in the superstructure stiffness characteristics 
will not affect the SSI frequencies (i.e. df = 0 for potential 
variations in structural stiffnesses). On the other hand, 
variations in the mass distribution of these structures will 
affect the SSI frequencies. However, since the as-built mass 
characteristics of the structure and equipment are well documented, 
a +10 percent uncertainty in mass distribution is considered 
more than adequate. Finally, the variations in the SSI frequency 
for these structures can be obtained by using the formula: 

(df/f)'w 0.5 (dK/K) or 0.5 (dM/M) 

The resultant variations in system frequencies for these two 
buildings owing to uncertainties in the structure, SSI methodology 
and soil properties are summarized below:



Fuel Building Ventilation Equipment Building 
Source (large rigid foundation) (strip foundation) 

df(%) df(%) 

Structural Stiffness 0 0 

Structural Mass +5 +5 

SSI Methodology +5 +10 

Soil Properties 

o Areal Variations 0 +2.5 

o Soil Strain +5 +5 

The total frequency variations calculated in accordance with 
regulatory position C.2 of USNRC Regulatory Guide 1.122 are: 

Fuel Building: 

df - (0.052 + 0.05 2 + 0.052 + 0.05 2 0.100 or 10% 

Ventilation Equipment Building: 

df = (0.052 + 0.052 + 0.102 + 0.0252 + 0.052 * 0.135 or 13.5% 

Therefore, it is concluded that the spectra broading of +15 percent 
(in compliance with USNRC Regulatory Guide 1.122) for these 
structures is conservative.  

An additional consideration, in evaluating the soil stiffness 
values, is the soil backfill conditions as described in detail 
in the August 1982 report on the subject. Appendix A, Table A-7, 
of the response to Item 111.2 gives the reduction in the soil 
stiffness parameters due to the backfill conditions for the 
fuel storage building and the ventilation equipment building.  
Elastic modal analyses for these two structures shoved that 
the reduced SSI frequencies fall into the broadened regions of 
the instructure response spectra transmitted to the NRC as an 
enclosure to the letter from K. P. Baskin to D. M. Crutchfield 
dated July 9, 1982. Because additional conservatism was applied 
to the peak broadening of the instructure response spectra for 
the fuel storage building included in the July 9, 1982 submittal, 
the published spectra for this building accommodates a +15 percent



variation in frequency from the modified system frequency resulting 
from the in-situ backfill condition. New instructure response 
have been generated for the ventilation equipment building using 
+15 percent peak broadening from the upper bound frequency 
(original reevaluation analysis) and -15 percent peak broadening 
from the lover bound frequency (in-situ backfill conditions).  

2. Turbine Building 

The turbine building load resisting members consist of braced 
or unbraced steel frames, with individual or combined footings.  
In addition, certain column footings are integral with the 
rigid turbine generator mat, and some column footings in the north extension are connected to the fuel pool walls. Because 
of this variability in the structural configuration, no single SSI interaction category can be applied to the structure as a whole. The predominant structural characteristics of the 
various parts of the turbine building are summarized below: 

a) North Extension: Combination of structural steel framing, 
fuel storage building and the turbine generator foundation.  

b) West Heater Platform: Structural steel framing vith 
individual and/or combined footings.  

c) South Extension: Combination of structural steel framing 
and the turbine generator foundation.  

d) East Beater Platform: Structural steel framing with 
individual and/or combined footings.  

Response frequencies associated with the fuel storage building 
and the turbine generator mat fall into interaction category 
2. For this case, it was shown that the total frequency 
variation was 10 percent. For response frequencies associated with structural steel framing, uncertainties associated with the 
superstructure mass and stiffness are minor. Because the asbuilt mass and stiffness characteristics of the structural 
members are extensively documented in the current specifications.  
The additional equipment mass on the framing is also well 
known. However, there is some uncertainty in the modelling of the connections. Overall, it is estimated that there is a + 5 percent uncertainty in the frequencies of the superstructure 
due to variations in mass and stiffness properties.  

For SSI methodology and soil properties, the variation in 
frequency applicable to interaction category 2 are conservatively 
applied. Therefore, the itemized variations in the system 
frequency are:



Turbine Building Structural Steel Framing Source (Strip Foundation) 

df (Z) 

Structural Stiffness + 5 

Structural Mass + 5 

SSI Methodology + 10 

Soil Properties 

o Areal Variations + 2.5 

o Soil Strain + 5 

The total frequency variation calculated in accordance with 
regulatory position C.2 of USNRC Regulatory Guide 1.122 is: 

df - (0.052 + 0.052 + 0.052 + 0.102 + 0.0252 + 0.05) - 0.144 or 14.4% 

Therefore, it is concluded that the spectra broadening of +15 
percent (in compliance with USNRC Regulatory Guide 1.122) is 
adequate.  

In addition, the instructure response spectra for a given 
elevation of the turbine building are the envelope of individual 
spectra of different locations, each widened.+ 15 percent.  
Therefore, for a particular location at a given elevation the 
instructure spectra used may represent a broadening much 
higher than + 15 percent, since the individual spectra have 
peaks associated with different frequencies.  

Modal analyses are being performed for the change in SSI 
stiffness parameters due to soil backfill conditions and the 
instructure response spectra will be modified accordingly.  
The new instructure response spectra will consider the frequency 
characteristics from both the original reevaluation analysis 
and the effects of the in-situ backfill condition. The new 
spectra will be generated using +15 percent peak broadening 
from the upper bound frequency and -15 percent peak broadening 
from the lower bound frequency.  

3. Control Administration Buiding 

The load resisting components of this building are reinforced 
concrete shear walls on strip footings. Individual behavior 
of the shear walls would be similar to interaction category 2.



However, due to the.structural configuration, the overall SSI 
frequencies are better described by interaction category 3.  
The itemized variations in system frequency for this building 
are summarized below: 

Control and Administration Building 
Source (Strip Foundation) 

df (Z) 

Structural Stiffness + 5 

Structural Mass + 5 

SSI Methodology + 10 

Soil Properties 

o Areal Variations + 2.5 

o Soil Strain +5 

The total frequency variation calculated in accordance with 
regulatory position C.2 of USNRC regulatory guide 1.122 is: 

df - (0.052 + 0.052 + 0.052 + 0.102 + 0.0252 + 0.052 - 0.144 or 14.4% 

Therefore, it is concluded that the spectra broadening of + 15 
percent (in compliance with USNRC Regulatory Guide 1.122) is 
adequate.  

In addition, the instructure response spectra for a given 
elevation of the Control and Administration building are the 
envelope of individual spectra of different locations, each 
widened + 15 percent. Therefore, for a particular location at 
a given elevation the instructure spectra used may represent a 
broadening much higher than + 15 percent, since the individual 
spectra have peaks associated with different frequencies.  

It was noted in Appendix A (Table A-6) of the response to Item 
111.2 that the changes in stiffness parameters due to in-situ 
soil backfill conditions are required in only a few localized 
areas for the control and administration building and that the 
overall stiffnesses will change about 3 percent. The resulting 
change in SSI frequency is insignificant and the resulting 
variation calculated per regulatory position C.2 of USNRC 
Regulatory Guide 1.122 remains below the 15 percent variation 
actually used. Therefore, the current instructure response 
spectra adequately envelope and reflect the effects of the 
variation in the soil backfill conditions.



( D. DISCUSSION OF SEP-SSI GUIDELINES 

The "Guidelines for SEP Soil Structure Interaction Review" dated 
15 December 1980 addresses a simplified approach that as stated on 
Page 3 "is not intended to preclude the use of any other procedure," 
In further discussing the simplified approach with one of the 
authors, Dr. Kennedy indicated that the simplified guidelines were 
intended for specific use for plant sites where subsurface conditions 
were relatively unknown due to lack of data and in some cases may 
have been inferred from adjacent sites. In the case of San Onofre, 
extensive field drilling, field geophysical and laboratory dynamic 
testing and field dynamic foundation response tests have been 
completed to develop soil-structure interaction (SSI) parameters.  
Also, the site subsurface is not layered but rather consists of a 
well graded sand known as the San Mateo formation sand. This 
material is uniform in areal extent and extends below the site 
almost 1,000 feet. In summary, the SONGS site is very uniform and 
has been studied extensively. Therefore, some of the very general 
provisions of the simplified guidelines requiring large variations 
in parameters are not considered appropriate for the SONGS site.  
The provisions of the guidelines are presented below with further 
discussion on their applicability to SONGS.  

1. The control motions are defined as free-field surface motions 
and are input to the structural foundation levels directly 
without reduction. This is considered conservative and does 
not take advantage of up to 25 percent reduction described on 
Page 3 of the guidelines.  

2. (i) The modulus used for SONGS SSI is consistent with the 
high strain value and is based on the extensive work used to 
develop the SSI parameters (i.e., lab tests, geophysical and 
field dynamic response testing). The bounds suggested in the 
simplified approach of the SSI guidlines are not consistent 
with the date collected for the site. For SONGS the best 
estimate modulus was used. Consideration of + 30 percent of 
this value was considered as discussed in Section A of this response.  

(ii) For SONGS the full values of the embedment factors are 
used for a minimum relative compaction of 95 percent for 
backfill soil providing embedment. For lower densities lover 
values for this factor are used with one-half the theoretical 
value being used for a relative compaction of 85 percent and 
two-thirds the theoretical value for a relative compaction of 
90 percent. For the lower relative compaction the embedment 
factors are consistent with the guidelines, but for high 
relative compaction the theoretical embedment factor is appropriate.  
The formation of gaps is not considered credible becausq the 
changes in soil properties are nil in the high density range 
above 95 percent relative compaction and because high stress 
induced stiffnesses are created by compaction at the 95+ 
percent level. More detail of changes in the SSI parameters 
are presented in Appendix A of the response to Item 111.2.



(iii) The SONGS subsurface soils are uniform and exhibit no 
layering below plant grade which could affect the stiffness or 
damping parameters.  

3. For the SONGS SSI, radiation- and material damping were considered 
to be additive based on a conservative interpretation of field 
dynamic foundation response tests. However, the maximum 
damping values used in the analyses were limited to the following 
values 

horizontal 20% 

vertical- 20 

rotation 20% 

These values are in general more conservative than the SEP-SSI 
guidelines. Material damping is 13 percent and radiation 
damping is generally higher depending on the geometry of the 
foundation. No increase in damping due to embedment effects 
was considered. In most cases the composite nodal damping 
values computed for the SSI modes were higher than 20 percent.  

In conclusion, strict adherance to the SEP-SSI guidelines is not 
considered to be appropriate for the SONGS site because the soil 
conditions at the SONGS site are very uniform, have been studied 
extensively by field and laboratory tests, and because the analyses 
performed to evaluate response parameters have been conservative.
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SEISMIC DESIGN 

In considering the interactions between subsystems as mentioned above, it 
was recognized that the proper geometrical relationships must be maintained.  
This is extremely important when significant rocking of the structure 
occurs due to soil-structure interaction. This rocking causes a geometric 
coupling between the horizontal and vertical motions of points on the 
structure away from the centerline. If the structure-is modeled as a 
beam, with stiffness and inertia properties lumped at the centerline 
(elastic axis), the response will be decoupled. Vertical motions computed 
at the centerline will not account for geometric coupling due to rocking.  
However, geometric coupling can be accounted for by considering the simple 
transformation of centerline response to points away from the centerline.  

This application has been termed a "multipoint constraint" and is equiva
lent to the introduction of a rigid massless link. In this manner, the 
proper geomtric relationship may be maintained between subsystems whose 
interfaces are not on the elastic axis. In addition, coupling between 
horizontal and vertical motions due to rocking can be accounted for in the 
model itself. Using the multipoint constraint concept, two-dimensional 
elements with flexural, shear, and axial stiffness were developed for the 
basemat, containment shell, interior structure, and the NSSS. The inter
face between the containment shell and basemat was made using a set of 
multipoint constraints that approximated the actual connection. An axi
symmetric model of the containment and basemat was used to verify the 
constraint system. This procedure was repeated for the internal structure 
and basemat interface.  

Soil compliance was incorporated into the model by use of a set of discrete 
springs attached to the basemat. The spring rates were determined by the 
soil consultant and were based on data obtained from analysis and the field 
test discussed in section 2.2 and appendix E of appendix 3.7C. Since the 
soil structure interaction parameters are strain dependent, different 
spring rates were used for OBE and DBE inputs. The vertical and horizontal 
springs were distributed to the nodes in the basemat. The actual stiffness 
of the spring assigned to each node was determined by multiplying the 
appropriate total spring rate by a weighting ratio. The weighting ratio 
for a given node is the ratio of the effective area of the basemat repre
sented by that node divided by the total effective area of all of the 
nodes. An additional rotational spring rate was applied at the center 
node. This was necessary since the couple produced by the vertical springs 
accounts for only a portion of the rotational stiffness. The effective 
spring rates were checked by applying several static loads to the model.  

A beam model of the NSSS, which was considered an adequate representation 
of the mass and stiffness of the subsystem, was provided by the NSSS 
supplier. The local deflection characteristics of each interface between 
the NSSS and the interior structure were studied and then incorporated 
into the model with an appropriate multipoint constraint. An example of 
this is the steam generator snubber support. This support is located on a 
wall panel that has significant local deflection characteristics. A hori
zontal spring was used to include this effect. The spring rate was 
determined from static loads applied to a three-dimensional fixed-base 
finite-element model of the interior structure.  

3.7-34



San Onofre 2&3 FSAR 
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SEISMIC DESIGN 

3.7.2.1.3.7 Three-Dimensional Geometrically Coupled Lumped-Parameter 
Models. The lumped-parameter geometrically coupled models for the 
auxiliary building, the fuel handling building, and the diesel generator 
building used for both time history and response spectra analyses were 
developed to account for coupling between the various modes of response 
independent of the orientation of input, and to facilitate the definition 
of the system physical properties that are required to formulate the 
equations of motion. The system response is defined by nodal coordinates 
originating at the center of mass of the various floor levels. This was 
done since the center of mass for a given floor level can be uniquely 
defined at a single point independent of the orientation of motion.  

The aforementioned results in a geometrically uncoupled mass matrix with 
diagonal terms that are conveniently evaluated to represent the transla
tional and rotational inertia of the masses tributary to each nodal point.  
The stiffness matrix, on the other hand, becomes geometrically coupled.  
It is developed by considering all the resisting assemblies affecting the 
connectivity between nodal points and transforming these local element 
stiffnesses to the common nodal coordinate system. This approach permits 
-analysis of the structure as a three-dimensional geometrically coupled 
system, allows for full consideration of the coupling of translation, 
torsion, and rocking response, and provides for the evaluation of the 
coupled natural frequencies. It also permits the representation of partial 
floors by allowing multiple connectivity between nodal points and affords 
the use of a single model to study input motion in any direction.  

A pictorial representation of the lumped-parameter model for the auxiliary 
building is shown in figure 3.7-21 and a similar model for the fuel han
dling building and the diesel generator building is shown in figures 3.7-22 
and 3.7-36 respectively.  

For these models a diagonal mass matrix was used. The resisting elements 
to be considered in the formulation of the stiffness matrix are the various 
shear walls, and to a lesser extent, the columns connecting the nodal points 
under consideration. These assemblies are treated as three-dimensional 
elements with flexural, shear, and axial stiffness characteristics.  
Finite-element studies were performed to establish guidelines to be used 
in determining the effectiveness of specific assemblies and the type of 
boundary conditions to be assumed. Once resisting assemblies had been 
identified, and their stiffness effects calculated relative to their local 
coordinate system with due regard to their directional effectiveness and 
assumed boundary conditions, the results were transformed and summed with 
respect to the nodal coordinate system. This was equivalent to introducing 
a unit displacement in each of the nodal degrees of freedom, performing a 
rigid-body transformation to the local coordinate system of the resisting 
assembly, calculating the forces developed in the resisting assemblies, and 
finally algebraically adding all of the forces about the nodal points.  

3.7-36
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ACTION ITEM 111.4: 

Provide a review of existing data on basemat flexibility sensitivity.  
studies for SONGS 2 and 3.  

RESPONSE: 

The Reactor Building structure rests on a heavily reinforced, thick 
concrete foundation. In addition, heavily reinforced, thick concrete 
walls (primary shield wall, secondary shield wall, etc.) provide 
additional stiffness to the basemat in the out-of-plane direction, such 
that it can be considered rigid for analysis purposes. Several studies 
support this.conclusion (References 1, 2).  

The results of one such study (Reference 1) are shown in Table 111.4.  
This table summarizes the results obtained for the SONGS 2 & 3 
Containment structure using an axisymmetric finite element model which 
modeled the actual stiffness of the foundation and a three-dimensional 
finite element model in which it was assumed that the foundation was 
rigid. Comparison of these two analyses concluded that the effect on 
both vertical and horizontal acceleration response throughout the 
structure was in good agreement with variation less than 10 percent. The 
results are considered to be applicable to SONGS-1 because both 
structures are located on identical site conditions and the relative 
stiffness between the concrete foundation and the soil are similar.  

Reference 2 describes the result of a three-dimensional analysis 
performed on the Humboldt Bay Power Plant in which two separate SSI 
analyses were performed using identical models. In the first analysis 
the flexibility of the foundation was explicitly modeled. In the second 
analysis the foundation was rigidly modeled. Comparison of results for 
'the two analyses indicated that both maximum accelerations and response 
spectra at various locations in the building were identical for all 
practical purposes.  

Based on the studies described, it can be concluded that basemat 
flexibility effects are not important for massive, stiff structures such 
as the SONGS-1 Containment Building.  

REFERENCES 

1.0 SONGS 2 & 3 FSAR, Amendment 13, Table 131-30-2.  

2.0 Tajirian, F. F., Tabatabaie, M., Lysmer, J., "Truly 
Three-Dimensional Soil-Structure Interaction Anaysis of the Humboldt 
Bay Power Plant," International Symposium on Dynamic Soil-Structure 
Interaction, Minneapolis, September 1984.  
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Summary of Foundation Flexibility Study 

Horizontal Ratio: 
Vertical Response "g" Response "g" Rigid/Flexible 

Axisym- 3-Dimen- Axisym- 3-Dimen
metric sional metric sional 
Finite Finite Finite Finite 
Element Element Element Element VR HR 
Model Model Model Model 

Description (Flexible) (Rigid) (Flexible) (Rigid) V Hf 

Top of Basemat 0.83 0.88 0.64 0.65 1.06 1.02 
at Exterior Shell 

Top of Basemat at 0.72 0.77 0.64 0.63 1.06 0.98 
Interior Structure 

Reactor Support Level 0.67 0.64 0.63 0.65 0.96 1.03 

Steam Generator 0.72 0.77 L=0.66 L=0.63 1.07 0.95 
Support Level U=0.83 U=0.83 1.0 

Intermediate Floor Level 0.70 0.80 0.69 0.64 1.14 0.93 
El. 30 ft. - 0 in.  

Intermediate Floor Level 0.74 0.78 0.74 0.68 1.05 0.92 
El. 45 ft. - 0 in.  

Operating Floor Level 0.74 0.79 0.83 0.77 1.07 0.93 
El. 63 ft. - 6 in.  

Containment Exterior Shell 0.83 0.88 0.69 0.65 1.06 0.94 
El. 36 ft. - 0 in.  

Containment Exterior Shell 0.85 0.89 0.93 0.93 1.05 1.0 
El. 86 ft. - 6 in.  

Polar Crane Support Level 0.85 0.89 1.10 1.14 1.05 1.04 
El. 112 ft. - 0 in.  

Top of Containment Dome 0.60 0.63 1.65 1.74 1.05 1.05 
El. 177 ft. - 6 in.  

From Ref. "Responses to NRC Questions, San Onofre Units 2 and 3, Amendment 13." 

Table 111.4



Responses to NRC Questions 
San Onofre 263 

Question 131.30 

Provide comparison of dynamic responses of the containment structure as 
calculated by lumped parameter modeling, by axisymmetric finite-element 
modeling, and by three-dimensional finite-element modeling. Items of 
consideration should include, but not be limited to, dynamic response at 
the top of the basemat, the operating floor level, the reactor support 
level, the steam generator support level, the polar crane girder support 
level, and the top of dome. Also, provide the actual, unbroadened floor 
response spectra determined using the lumped parameter calculation.  

Response 

The comparison of dynamic responses for the containment structure calcu
lated by the lumped parameter model, the axisymmetric finite element model, 
and the three-dimensional finite-element model are given in tables 131.30-1 
through 131.30-4. The actual, unbroadened floor response spectra curves, 
(shown by solid lines) using the lumped parameter model, are shown in 
figures 131.30-1 through 131.30-24. The curves shown by dashed lines in 
these figures, indicate the limits used in widening these curves to gener
ate the final smoothed floor response spectra curves. The tabulated 
responses are given for the top of the basemat, the operating floor level, 
the reactor support level, the steam generator support level, the polar 
crane girder support level, and the top of dome. As clarification to the 
tables, it should be pointedout that each model was used for a specific 
analytical purpose, and the data available from each model was limited to 
the requested design information. To obtain comparable responses-that 
could closely represent the acceleration responses of the models used, it 
was necessary to perform hand calculations on some of the outputs to obtain 
the desired data. The procedure used for modeling and the analytical 
purpose of the models used for the containment structure are described in 
paragraphs 3.7.2.1.3.4, 3.7.2.1.3.5, and 3.7.2.1.3.6.  

In the following paragraphs, further clarification is provided on the ana
lytical purpose of each model used: 

A. The lumped parameter model was mainly used to obtain response 
characteristics along the two principal axis of the containment 
structure using a time-history analysis, and the SUPER SMIS com
puter program. To best represent the response characteristics of 
the coupled NSSS and containment structure, and because of the 
nonsymmetrical nature of the NSSS, models parallel to the reactor 
hot leg and perpendicular to the reactor hot leg were. developed 
and used. Sufficient number of mass points were utilized to repre
sent major response contributions of various subsystems making up 
the overall model. The adequacy of the lumped parameter model can 
best be illustrated by comparing responses at various points in 
the containment structure listed in tables 131.30-1 through 
131.30-4. As seen in these tables, there is good correlation 
between responses obtained by the three models used for the con
tainment design and analysis. Figure 3.7-13 shows the model used 

11/78 Q&R 3.7-12 Amendment 13



Responses to NRC Questions 
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for the containment and NSSS used to develop the in-structure 
response spectra-curves for the directions parallel to the hot leg.  

B. The axisymmetric finite element model was mainly used to obtain 
stress distribution within the exterior shell and basemat for 
applied axisymmetric and nonaxisymmetric loads. For this analysis, 
the ASHSD computer program was used. For seismic loads, the 
response spectra technique was used. In this model, the interior 
structure was idealized as an axisymmetric structure to account 
for inertial and stiffness effects on the total system response.  
Acceleration responses for various points were also obtained from 
the output.  

The three-dimensional finite-element model of the containment 
structure was developed to obtain stress distribution within the 
internal structure for the applied loading conditions. In this 
model, the shell was idealized as a stick beam, constrained 
to the center of the basemat, to account for inertial and 
stiffness effects on the total system response. For this 
analysis the SAP 1.9 computer program was used. The response 
spectra technique was used to account for seismic induced 
stresses. Since no acceleration outputs were obtained from 
the analysis, the responses listed in tables 131.30-1 and 
131.30-2 were computed from displacement responses.  

It is evident from the results presented in tables 131.30-1 through 131.30-4 
that there is good agreement and correlation between responses obtained 
through the three models used, confirming the validity of the models and 
outputs used in design.  

Reference 

See FSAR paragraph 3.7.2.1.3. No FSAR change was made.  

11/78 Q&R 3.7-13 Amendment 13



Table 131.30-2 
CONTAINMENT STRUCTURE SUMMARY OF ACCELERATION RESPONSE FOR DBE ANALYSIS 

Vertical response "g" Horiosontal Response "g" 
Axlsymmetric 3-Dimensional Axisymmetric 3-Dimensional 

Lumped Finite Finite Lumped Finite Finite Parameter Element Element Parameter Element Element Description Model Model Model Model Model Model 

Top of Basemat at Exterior Shell 0.93 0.83 0.88 0.72 0.64 0.65 
Top of Basemat at Interior 0.80 0.72 0.77 0.67 0.64 Structure 3 

Reactor Support Level 0.60 0.67 0.64 0.72 0.63 0.65 

(a) (a) (a) 
Steam Generator Support Level 0.70 0.72 0.77 L - 0.81 L - 0.66 L - 0.63 0 

(a) (a) (a) 
U - 1.00 U - 0.83 U * 0.83 

Intermediate Floor Level 0.80 0.70 0.80 0.72 0.69 0.64 El 30Oft -O0In.  

termediate Floor Level 0.80 0.74 0.78 0.81 0.74 0.68 El 45ft -O0in. 
0 

Operating Floor Level 0.80 0.74 0.79 0.90 0.83 0.77 El 63 it - 6 In.  

Containment Exterior Shell 0.93 0.83 0.88 0.75 0.69 0.65 1t El 36 ft - 0 in.  

Containment Exterior Shell 0.94 0.85 0.89 1.04 0.93 0.93 El 86 ft - 6 in.  

Polar Crane Support Level 0.94 0.85 0.89 1.18 1.10 1.14 
El 112 ft - 0 in.  

Top of Containment Dome 
0 .68 (b) 0 .60 (b) 0.63 (b) 1.63 1.65 1.74 El 177 ft -6 In.  

NOTE: The values shown above are the SRSS response due to one horizontal and vertical excitation.  

a. L * Lover base support, U * Upper snubber support 

b. The vertical acceleration response is lower than the cylinder shell because the vertical response due to horizontal excitation (rocking) is neglible at the centroid of the structure.  
IS



Table 131.30-4 

on CONTAINMENT STRUCTURE SUMMARY OF FREQUENCIES FOR DBE ANALYSIS 

Lumped(a) Axisymmetric 3-Dimensional 
Parameter Finite- Finite

Mode Model Element Element 
No. (Hz) Model (Hz) Model (Hz) Type of Response 

1 1.40 1.32 1.53 Horizontal response, dominated by soil structure 
interaction mode 

2 2.16 2.18 2.19 Vertical response, dominated by soil structure w 
interaction mode o 

3 2.63 2.14 2.71 Horizontal response, dominated by soil structure a 
interaction mode 

oo 

4 9.72 (b) 9.77 Horizontal response, structural behavior 

5 12.45 13.16 13.17 Horizontal response, structural behavior 

6 13.40 (b) 13.69 Horizontal response, structural behavior 
0 

7 17.65 16.98 16.80 Horizontal response, structural behavior 

8 18.58 18.06 (c) Vertical structural response due to 
vertical excitation.  

9 18.61 20.49 (c) Horizontal response, structural behavior 

a. Values are from FSAR Table 3.7-8.  

M b. NSSS system frequency.  

c. Frequencies not considered in the analysis due to 
negligible participation factor.
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ABSTRACT: Until recently, available procedures for three-dimensional soil-structure
Interaction analyses have been restricted to structures supported on rigid foundations 
and founded on the surface of a halfspace. In this paper, the general purpose computer 
program for three-dimensional soil-structure-interaction analysis, known as SASSI is 
used to compute the structural response of the Humboldt Bay Nuclear Power Plant to the 
Ferndale earthquake of June 7, 1975. The computed motions are shown to be in good 
agreement with those recorded inside the plant. Additionally, the computed motions 
compare favorably with results obtained from a two-dimensional plane-strain finite
element analysis. The effect of foundation rigidity on the response of deeply embedded 
plants is also addressed in this paper.  

1 INRODUCTION knowledge of the motions recorded at the 
ground surface In the free-field, compu

In the past several years, soil- tations are made to determine the 
structure-interaction (SSI) analysis has response likely to develop In the 
played an important role in the design building. The computed responses are 
of nuclear power plants and will con- compared with motions recorded Inside 
tinue to play an important role in the the plant during the same eartquake.  
design of future important structures. To check the validity of widely used 
Although numerous methods have been pro- two-dimensional plane-strain analyses In 
posed to perform these analyses, they predicting the response of deeply 
have been limited to structures with spe- embedded structures, the SASSI results 
cial conditions. Procedures for three- are compared with previously published 
dimensional analysis have been restricted results (Valera, at al., 1977) computed 
to buildings assumed to be supported on using the 2-D computer program FLUSH.  
rigid foundations resting at grade on Finally, the effects of foundation 
layered sites. While finite-element rigidity on the overall response of the 
methods have been used to compute the building is investigated by repeating 
response of embedded structures, they the SASSI analysis, but forcing the 
have been limited to two-dimensional plant foundation to behave as a -rigid 
analyses, due to difficulties in modeling body. The results are compared with 
the complete soil-structure system those described above.  
within limited computer storage space.  

In this paper. a new computer program 
for three-dimensional soil-structure- 2 METHODOLOGY 
interaction analysis is examined. This 
program, known as SASSI, makes it The computer program SASSI (Lysmer, et 
possible to analyze three-dimensional al., 1981) was used to perform the 3-D 
embedded structures of arbitrary shapes. analysis. This program uses the 

To demonstrate the versatility of flexible-volume method presented by 
SASSI and its applicability to practical (TaJIrian 1981) and by (Tabatabaie 
seismic problems, results are presented 1982). This method Is a general 
of a truly three-dimensional soil- substructuring procedure which uses 
structure-interaction analysis of the the finite-element method. It is 
Humboldt Bay Power Plant. Based on a considered to be superior to other 
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substructuring techniques since the The dynamic loading can be either a 
solution steps required are simplified. seismic environment consisting of an 
This is due to the manner in which the arbitrary 3-D superposition of Inclined 
soil and the structure are partitioned. body waves and surface waves or external 
In this partitioning, the complete soil- forces such am impact loads, wave and 
structure system, shown in Figure 1, is Ice forces, or loads from rotating 
divided into two substructures; the machinery acting directly on the 
foundation and the structure. The mass structure. Transient input time
and stiffness of the structure is reduced histories are handled by the Fast 
by the corresponding properties of the Fourier Transform technique.  
volume of soil excavated, but it is Within the above limitations and that 
retained within the halfspace. Further- of available computer capacity, the 
more, the interaction is assumed to system can handle embedded structures 
occur over a volume, i.e., at all the with flexible basements, structure
nodes in the basement. Thus, the structure interaction and the effects of 
impedance problem is greatly simplified torsional ground motions. Recently, 
and is reduced to a series of special pile elements described by' 
axisymetric solutions of the response (Oatanan 1983) and methods to make the 
of a layered site to point loads program more efficient as described by 
(Tajirian 1981). Furthermore, the (Vahdani 1983) were Incorporated in the 
scattering problem is eliminated. SASSI program.  

3 THE HUMBOLDT BAY POWER PLANT 

A general view of the plant shoing the 
various structures is shown in Figure 2.  
The facility consists of two fossil fuel byunits a and 2), one nuclear unit (3), 
and various other structures The 

rnuclear unit Is housed inside the 
Refueling Building, which is 30. long, 

(A)STRUCTURE (8)FOUNDATION (CI STRUCTURE 13i wide, and l0.5m higon. It is 
MIN~US supported an a massive concrete caisson 

EKXCAVATsO coan. embedded to a depth of 26.5m below the 

ground surface. This caisson consists Figure 1. Substructuring of"iteraction of two major structural portions . (see 
Figure 3): a cylindrical portion which 
Is 18a in diameter,, and a rectangular 

The system is solved in the frequency portion which is 12 x 23m.  
domain using the complex response From previous studies by (Valera, et 
method. A( efficient interpolation al., 1977) it was found that the effect 
scheme on the complex response functions of adjacent structures on the unit 3 
has been developed for the SASSI program response was minor and could theref ore 
(Tajirian 1981). This significantly be neglected. Thus, in this study, the 
reduces the computer time. Material response of unit 3 alone is examined.  
damping( is invroduced by the use of 
complex material modulii These lead to 
effective soil-damping ratios that are 3.1 Site-'conditions and seismic criteria 
frequency independent and can vary from 
element to element according to the The soil around the refueling building 
strains developed, consists of 7.6m of medium-to-stiff 

The site consists of viscoelastic clay, underlain successively by about 9m 
layers on a rigid base or a semi- of medium-dense-to-dense sand, 3m of 
infinite halfspace. Structure(s) are very stiff clay and then a deep bed of 
idealied by standard two- or three- dense sand containing some clay lenses 
dimensional finite elements. Primary extending to a depth of 122.  
nonlinear effects in the free field and The control motion used s the trans
secondary nonlinear effects In a limited verse component of the free-field motion 
region near the strucutre can be recorded at the ground surface (elevation 
considered by Te Equivalent Linear +3.7). The response spectrum for this 
Method (Seed, et al., 1969). motion, which has a maximum acceleration 

of l.35g, is shown in Figure 4.  
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3.2 one-dimensional sail-column study 

A one-dimensional column study using the 
computer program SHAKE (Schnabel, et 
al., 1972) was performed. The control 
motion described above was specified at 
the ground surface, and strain compatible 
soil properties for the profile were 
computed to account for primary 
non-linear effects. The resulting soil 

- shear-wave velocities, damping valves, 
and maximam accelerations are shown in 
Figure 5. These iterated properties 
were used in the SASSI SSI analysis.  

ARL PADILS MAs CL es1 vVIh.t I DesOpA Vas0401 

Figure 2. General view of Humboldt Power , As S * .SU * o5 
Plant 

Figure 5. Strain compatible properties 
from column study 

3.3 SASSI podel 

Figre .Gnerl vew f rfuein 

The 3-D finite element model used in the 
SASSI analysis is shown In Figure 6.  
Since the structure and loading are 

Ssyetric relative to the one a, only 
building half the structure needs to be analyzed.  

The model consists of 384 solid elements 
and 486 nodes, of which 274 nodes are 
connected to the ground.  

a.  

an 

Figure 4. Response spectrum of free Figure 6. Three-diuersicnal finite
field motion recorded at grade element mesh used in SASSI analysis 
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4 RESULTS OF ANALYSIS as 

The results of the 3-D SSI analysis m 
(assuming vertically propagating shear SAM 
waves) obtained from SASSI are compared 
with 2-D FLUSH results. The computed 
responses at the base of the caisson 

-located 26. below the ground surface 
and, likewise, at the ground surface, 3 
are compared with motions recorded at 
these locations during the earthquake. as 

Table 1 compares the maximum accelera
tions at the above locations. The SASSI 
peak accelerations come within 2% of the 
recorded peak at ground level and within Figure 8. Comparison of spectra 'in 
6% at the base of the caisson, while the refueling building at base of caisson 
FLUSH results are off by 95 and 26%, 
respectively.  

The extent of SSI in this plant can be 
seen in Figure 9. The peak spectral 

Table 1. Comparison of recorded and acceleration inside the building is 38% 
computed maximum accelerations lower than at a point with the same 

elevation in the free-field, and the 

Refueling. Base of maximum acceleraton is 28% lower. These 
Bldg.(g) Caisson(g) reductions are typical for heavy and 

stiff structures embedded in soft sites.  
Recorded motions .251 .143 
SASSI results .256 .135 
FLUSH results .228 .106 

Comparisons of response spectra are a mo 'nua Pno"OrM 

shown in Figures 7 and 8. The largest 3 on 
differences in spectral accelerations 
occur around 4.0 Hz at the ground level .. I 
and between 4-7 Hz at the base of the 04 AGCCDEDTIONIMIDI 

caisson. These discrepancies can be on armmmmm J 
attributed to many factors, such as o3 sAM
uncertainties in the building and soil Ole 
properties, the actual wave field, and 0a. * 
the effects of adjacent structures. are S oSo 

~aauncy ea 

Figure 9. Comparison of spectra refueling 
building and free field (+3.7 a) 

.5 aECOADED 
ae A comparison is also made in the re

sponse spectra at the top of the refuel
ing building in Figure 10. Unfortunately, 
no motions were recorded at that level, 
thus the SASS! results could only be 
compared with the FLUSH results. As 
expected, the difference between the two 
results was greater than at points in 

"a TOM the ground. The peaks computed in FLUSH 
were significantly lover. However, the 
frequency at which the peaks occurred 

Figure 7. Comparison of spectra In were accurately predicted. This 
refueling building at grade (+3.7 a) discrepancy occurs since it is difficult 

to duplicate the response characteristics 
of an actual superstructure using a 
plane strain model, a fact which can 
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lead to unconservative results, as was 
shown by (Luco,,et al..., 1974).  

The closeness of results between the 
SASSI and FLUSH analyses indicates that 
for engineering purposes good results 
can be obtained for points in the ground s , runsuW* 
from performing a 2-D analysis. Further
more, studies (Maslenikov, et al., 1980) 
have shown that excellent agreement can I CA.Mo 
be obtained with 3-D analysis at points 
In the superstructure when ground motions 
are obtained from a 2-D Investigation som we0 4 e 0 me S mo 

and are fed as base motions to a 3-D " ' 
substructure model of the superstructure, Figure 31. Comparison of maximum SASSI 
as long as all the rigid components of computed lateral accelerations in the 
the. motion, Including rocking, are caisson 
Included in the input. This signifi
cantly reduces the cost and effort for 
performing the required analyses.  

'LW 

ode am 

IA I ,C 

I-4 

manne-maFigure 12. Comparison of spectra of 

Figure 10. Comparison of spectra at top refueling building at grade (+3.7 a) 

*of refuel g building 

4.1 Results of analysis for a rigid a anmS nLXft Amenam 

caisson I a 
Nany 3-D soil-structure interaction tech

niques have to assume that the foundation m 
is infinitely rigid. To investigate the 

effect of this assumption n the response s e 
of structures similar to the Haboldt 
Bay Power Plant, the SASSI analysis was a 
repeated but with elements representing 
the foundation adjusted to be much man u na 
stiffer. In this manner, the caisson 
was forced to behave as a rigid body. Figure 13. Comparison of spectra in 

A comparison of results between the refueling building at base of caison 
rigid case and the flexible case is shown 
In Figures 11, 12, and 13. As can be 
seen, both the eeimum secelerations and 5 SUMMARY AND CONCLUSIONS 
the response spectra for the two eases 
are almost equivalent. thie Iadicates The computer progra SASSI was used to 
that accounting for the aacts of fou perform a 3-D oil-structure Interaction 
dation flexibility of massive stiff analysis of the Humboldt Bay Nuclear 
structures my not be Important. However, Power Plant. Based on a knowledge of 
for many types of foundations, such as the motions developed at the ground sur
large mote, these effects can be face In the free-field, computations were 
significant. made using SASSI to predict actions 
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I 
likely to develop at the base of the Schnabel, P. B., J. Lysmer and H. B.  

caisson and at the ground surface within Seed 1972. SHAKE, a computer program 
the refueling building. The good agree- for earthquake response analysis of 

ment between the SASSI results and the horizontally layered sites. Report 
recorded motions at the same locations No. EERC 72-12, University of 
are very encouraging. It clearly shows California, Berkeley, December.  
the effectiveness of the new procedure. Seed, H. B. and I. M. Idriss 1969. The 
Although this agreement is for one case influence of soil conditions on ground 

only and many more comparisons are re- motions during earthquakes. J. of 
quired, some general conclusions can be Soil Mech. and Found Div., ASCE, Vol.  
made regarding the response of heavy, 94, SM1, January.  
stiff, and deeply embedded structures tabatabae, M. 1982. The flexible-volume 
such as nuclear power plants: method for dynamic soil-structure 
1. It is important to perform SSI interaction analysis. Ph.D. thesis, 

analyses since the free-field motions University of California, Berkeley.  
would be reduced considerably. Designing Tajirian, F. 1981. Impedance matrices 
structures without accounting, for these and interpolation techniques for 3-D 
effects may be too conservative. Fur- interaction analysis by the flexible 
thermore, SASSI is an effective way for volume method. Ph.D. thesis, 
predicting this reduction with reasonable University of California, Berkeley.  
accuracy. Vabdani, S. 1983. Impedance matrices for 

2. For this type of structure, a FLUSH soil-structure interaction analysis by 
analysis is accurate enough for computing the flexible volume method. Ph.D.  
responses in the foundation when the wave thesis, University of California, 
field is assumed to be composed of Berkeley.  
vertically propagating waves entirely. Valera, J. E., H. B. Seed, C. F. Tsai 

3. Response in the superstructure may and J. Lysamer 1977. Seismic soil
not be obtained accurately from a 2-D structure interaction effects at 
analysis. However, better agreement can Humboldt Bay Power Plant. J. Geot.  
be achieved when ground motions are Eng. Div., ASCE, GT10, October.  
obtained from a 2-D analysis and used as 
input to a 3-D substructure model of the 
superstructure. In this case, all the 
components of the * motion, . including 
rocking motions, should be included.  

4. The stiffness of the caisson is 
relatively unimportant in the interaction 
analysis. Consequently, the caisson can 
be assumed to be rigid.  
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ACTION ITEM 111.5: 

Provide the details of the SHAKE soil parametric studies as far as the 
location.of the lower boundary.  

RESPONSE: 

This question is not directly applicable to the SONGS-1 Long Term Service 
seismic analysis effort since the free field input time history motion 
will not be deconvolved in the analysis. However, proper modeling , 
techniques will be employed in developing the soil model for the CLASSI 
code.  
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