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#o, UNITED STATES
.8 NUCLEAR REGULATORY COMMISSION<>

g a WASHINGTON, D. C. 20566

%g..... AUG 4 1960
. . . .

:
.

Docket Nos.: 50-329/330,

-

.

Mr. J. W. Cook i
* Vice President s

Consumers Power Company
1945 West Parnall Road
Jackson, Michigan 49201

Dear Mr. Cook:,

SUBJECT: CORP OF ENGINEERS REPORT AND REQUEST FOR ADDITIONAL INFORMATION
*

ON PLANT FILL -

My letter of June 30, 1980 requested the results of additional explorations
and laboratory testing needed to support certain geotechnical engineering
studies on the Midland plant fill and associated remedial actions. That
letter noted that details on the extent of these studies would be provided
by separate correspondence. Enclosure.1 is a letter report of July 7,1980
by our consultant, the U.S. Army Corps of Engineers, and is forwarded to
this end.

,

Paragraph 4 of the Corps report identifies additional infonnation needed to '
resolve specific problems identified in paragraph 3. For purposes of con-
trol, we have re-numbered the subparagraphs of paragraph 4 to be sequential -

with our prior requests on this matter. They have also been marked to
.

reflect the results of NRR review. Your reply should reference the revised
numberi_ng system and should addrass the requests as marked to reflect our
changes.

Subparagraph 4j of the Corps rerort entitled Liquefaction Potential, is not
included in our re-numbering since it represents an evaluation rather than
a request. We consider this evaluation to be tentative at this time since
it is subject to the determination of suitable seismic design input for the
site. We will address this matter shortly by separate correspondence.

:

}
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.. - .. .

J' ~ Mr. J. W. Cook -2- 'AUG 4 1980-

j.
.j.
a ,

: . We would appreciate your reply at your earliest opportunity. Should you
need clarification of these requests for additional information, please
contact us.

.

Sincerely,
4

[. tlNa'/dv
'

i A. Schwencer, Acting Chief
Licensing Branch No. 3

| Division of Licensing
,

i . i
|- Enclosure: |

COE Letter Report,

dated 7/7/80
i
L- cc: See next page

i
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l'
cc: Michael I. Miller, Esq. ,

Isham, Lincoln & Beale,

4 Suite 4200
1 First National Plaza
Chicago, Illinois 60603

,

.

Judd L. Bacon, Esq.
Managing Attorney,

- Consumers Power Company .

212 West Michigan Avenue
Jackson, Michigan 49201

~ Mr. Paul A. Perry, Secretary !

Consumers Power Company _ l

- 212 West Michigan Avenue
'

Jackson, Michigan 49201

Myron M.' Cherry, Esq.
1 IBM Plaza
Chicago, Illinois 60611.

Hs. Mary Sinclair
5711 Summerset Drive
Midland, Michigan 48640 "

Frank J. Kell.ey, Esq.|

I Attorney General
State of Michigan Environmental

Protection Division
720 Law Building

,

Lansing, Michigan 48913
|

Mr. Wendell Marshall
Route 10
Midland, Michigan 48640

'.

l' Grant J. Merritt, Esq.
Thompson, Nielsen, Klaverkamp & James
4444 IDS Center
80 South Eighth Street,

Minneapolis, Minnesota 55402

4
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/ i- . Xr.~ J. W. Cdok -2-
? I*.

.

t
it :cc: Mr. Steve Gadler.

tl 2120 Carter Avenue-

:} , St. Paul,. Minnesota 55108 '

-r .

' ''
Mr. Don va;: Farowe,- Chief

;'

. Division of Radiological Health '
. . .'

f Department of Public Health -
'

-4- P. 0. Box 33035
l*

. Lansing, Michigan 48909 ,

..

t

William J. Scanien, Esq..

i7 2034 Pauline Boulevard
j Ar.n Arbor, Michigan 48103
i..

U. S. Nuclear Regulatory Commission*

jj; Resident Inspectors Office,

j- ; Route 7 ;~

)'!
* Midland, Michigan 48640

.
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i

! cc: Commander, Naval Surface Weapons Center
j ATTN: P. C. Huang

G-402.

i White Oak
- Silver Spring, Maryland 20910.

;

a :

Mr. L. J. . Auge,' Managera
Facility Design Engineering '

j Energy Technology Engineering Center
P. O. Box 1449

j Canoga, Park, California 91304
.i

; Mr. William Lawhead
U. S. Corps of Engineers

|
NCEED - T '

: 7th Floor
'! 477 Michigan Avenue
:- Detroit, Michigan 48226

Ms. Barbara Stamiris -

1; 5795 N. River.
1 Freeland, Michigan 48623 .

Mr. Michael A. Race
2015 Seventh Street

i Bay City, Michigan 48706

Ms.' Sandra D. Reist.

1301 Seventh Street'-

:; Bay City, Michigan 48706
.

Ms. -Sharon K. Warren
636 Hillcrest
Midland, Michigan 48640 -

;

Patrick A. Race
- 1004 N. Sheridan

j Bay City, Michigan 48706
|

1 George.C. Wilson, Sr.
I 4618 Clunie
i Saginaw, Michigan 48603
l(
| Ms. Carol Gilbert
? 903 N. 7th Street.

Saginaw, Michigan 4ES01

.
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- j : Mr. Terry.R. Miller-
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NCEED-T
_

1 Ei-

SUBJECT: Interagency Agreement No. NRC-03-79-167, Tasig No.1 - Midland Plant E
E

| Units 1 and 2, Subtask No.1 - Letter Report
-

n=

' -
*

* ...
.

!
' ::.

5
.

I ,,

'. THRU: Division Engineer, North Ca'nt 1. $
'

NCDED-C (James $15"'d I 3"
. ATIN:*

'II/ g/ /1t.

, . , ;
*

1 ( I;
,

f/ I-
.

ssion [ ..I TO: U.S. Nuclear Regulator { I'cn
2

'

ATTN: Dr. Robert E. Ja; ' 2'

I Division of Systems Saf ,
.

/

.}
Mail Stop P-314 ,'

- f-
s

; Washington, D. C. 2055, ; i -,

h-.t 1
.

.i 1 #

I ' !L '! ,\
-

=
- -:-

f* 5
A

The Detroit District hereby' submits this letter report with regard to ..'1.
complation of subtask No.1 of the subject Interagency Agreement concerning
the Midland Nuclear Plant, Units 1 and 2. The purpose of this report is to _

identify unresolved issues and make recommendations om a course of action
;

and/or cite additional information nec:ssary co' settle these matters prior to
.

preparation of the Safety Evaluation Report.
"
:

,

The Detroit District's team providing geotechnical engineering support toa

2.
the NRC to date has made a review of furnisped documents concerning
foundations for structures, has jointly participated in briefing meetings with

,

the NRC staff, Consumers Power Company (the{ applicant) and personnel from
;

North Central Division of the Corps of Engineers and has =ade detailed site i

,

*

The data reviewed includes allLdocuments received thrc.2ghinspections. g
.| . Anendment 78 to the operating license request, Revision 28 of the FSAR,

Revision 7 to the 10 CFR 50.54(f) requests an'd.MCAR No. 24 through Interim E
| Generally, each structure w' thin the couplex was studied as a E

Report No. 8. {1

separate entity.' ,

8"
*

-
,

A listing of specific problens in review' of Midland Units I and 2 follows
.

I 3. The issues are unresolved in many instances,
j for Category I structures. The structures to be addressed

#

because of inadequate or missing information.
i follow the description ," the probles. ;

:1j -
E

Inadequate presentation of subsurface infor nation from completedt
-j a. All structures.
l borings on ceaningful profiles and sectional views. E
j e
! ||
l f
1

| .

!
'*.

1,

i 3

h)

%@O340(69 ;;t

i
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. h~' SUBJECT: Interagency Agreement No. NRC-03-79-167,' Task No.1 - Midland Plant
- } Units 1 and 2, Subtask No.1 - Letter Report

' | b. Discrepancies between soil descriptions and classifications on boring
i logs with submitted laboratory test results sumraries. Examples of such

discrepancies are found in boring T-14 (Borated water tank) which shows stiff4

} to very stif f clay where laboratory tests indicate sof t clay with shear
o strength of only 500 p.s.f. The log of boring T-15 shows stiff, silty clay,

while the lab tests show soft, claye sand with shear strength of 120 p.s.f.
All structures.

Y]'-
~

~

Lack of discussion aboup|h[the . criteria used to select soil samples for
.

- c.
Also, identifica pI the.. basis for selecting specific valueslab testing.

for the various parameters use 4 ' foundation design from the lab test
,

results. All structures. /m (

d. The inability to complete' y' ide'ntify the soil behavior from lab
testing (prior to design and co'' truction) of individual samples, because in~

'

general, only final test values!' n summary form have been provided. All
!

s tructures.

i. . >

i (1) Lack of site specific information in estimating allowable bearing
i pressures. Only textbook type information has~been provided. If necessary,

bearing capacity should be revised based on latest soils data. All structures
'

on, or partially on,, fill. '

(2) Additional informtion is needed to indicate the design methods '

used, design asshmptions and computations in estimating settlement for safety
related structures and systems. All structures except Diesel Generator
Building where surcharging was performed.

,

: e. A complete detailed presentation of foundation design regarding
rcraedial measures for structures undergoing distress is required. Areas of,

remedial measures except Diesel Generator Building.,

.\,

f. There are inconsistencies in presentation of seismic design
infor=ation as affected by changes due to poor. compaction of plant fill.-

Response to NRC question 35 (10 CFR 50.54f) indicates that the lower bound of3
shear wave velocity is 500 feet per second. We . understand that the same*

; velocity will be used to analyze the dynamic response of structures built on
-1 fill. However, from information provided by the applicant at the site meeting
-! on 27 and 28 February 1980, it was stated that, except for the Diesel

} Generator Building, higher shear wave velocities are being used to re-evaluate
'

! the dynamic response of the structures on fill material. Structures on fill
'

or partially on fill except Diesel Generator Building.

i
! 4. A listing of specific iss.ues and information necessary to reso).ve them.
I RespnN h,,,;M in Pe4 \o (Mc,/. OE63
| 3 f, . Reactor Building Foundation

! (1) Settlement / Consolidation. Basis for settlement / consolidation of
; j the reactor foundation as discussed in the FSAR assumes the plant site would
' i
|

2
4

I

".L d J ~ <U .. 1 Q( ' d 5 - MAgg y MJ3 Qj q~...
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; SUBJECT: Interagency Agreement No. NRC-03-79-167,., Task No.1 - Midland Plant
i Units 1 and 2, Subtask No.1 - Letter Report
1

| not be dewatered. Discuss and furnish computation for settlement of the
1 Reactor Buildings in respect to the changed water table level as the result of
? site dewatering. Include the effects of bouyancy, which were used in previous

calculations, and fluctuations in water: table which could happen if the
dewatering system became inoperable.

.Yf
,

,

(2) Becring Capacity. . g. capacity computations should beBea
provided and should include metho d, founcation design, design
assumptions, adopted soil propeh .e/s,, and basis for sel2cting ultimate bearing
capacity and resulting factor 'f safety.

il !u

jO. Diesel Generator Buil \
, ( *

(1) Set tlement/Consoli ~ iond Ih the ' response to NRC Question 4 and.

17, (10 CFR 50.54f), the applic'a' has. . furnished tihe results of his computed
: settlements due to various kinds! f l' ading' conditions. From hi . xplanationo
: of the results, it appears that' compressibility parameters obtaird by the'

preload tests have been used to coupute the static settlements. Information
pertaining to dynamic response including the amplitude of vibration of

; generator pedestals have also been furnished. The observed settlement pattern
of the Diesel Generator Building indicates a direct correlation with soil
types and properties within the backfill material. To verify the preload test
settlement predictions, compute settlements based on test results on samples
from new borings which we have requested in a separate.semo and present the
result s. Reduced ground water levels resulting from dewatering and diesel
plus seismic vibration should be considered in settlement and seismic
analysis. Furnish the,computatien details for evaluating amplitude of
vibration for diesel generator pedestals including magnitude of exciting
f orces, whether they are constant or frequency dependent.

i
(2) Bearing Capacity. Applicant's response to NRC Question 35 (10

CFR 50.54f) relative to bearing capacity of soil is not satisfactory. Figure
35-3, which has been the basis of selection of shear strength for computing.

bearing capacity does not reflect the characteristics of the soils under the,

! Diesel Generator Building. A bearing capacity cc,mputation should be submitted
i based on the test results of samples from new borings which we have requested
I in a separate memo. This information should include method used, foundation

design assumptions, adopted soil properties and basis for selection, ulticate,

; bearing capacity and resulting factor of safety.
)

(3) Preload Effectiveness. The effectiveness of the preload shculd,

be studied with regard to the moisture content of the fill at the tice of
i pceloading. The height of the water table, its time duration at this level,

and -tether the plant fill was placed we or dry of optimum would be all
j impo rtant considerations.

i

3
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(a) Granular Soils.

When sufficient load is applied to granular soils it usually causes a
'

reorientation of grains and movement of particles into more stable positions
plus (at high stresses) fracturing of particles at their points of contact.i

Reorientation and breakage creates a enain reaction among these and adjacent
particles resulting in settlement. .Rdorientation is resisted by friction

lbetween particles. Capillary tensfba ould tend to increase this friction. A'

moistureincreasecausingsaturatidn]suchasariseinthewatertableas
; oc' curred here, would decrease ca 11ary tension resulting in more compaction.

Present a discussion on the wats table and capillary water effect on the-

granular portion of the plaht f h!.b'oth abov,e and below the water table during
i and af ter the preload. i'

h (b) Impervious and/or Soiis..' -

'
'

Clay fill placed dry of ]o timum would not co= pact and voids could
; i . .

-

'

,

exist between particles and/or chunks. In this situation SPT blow counts
would give misleading infor=ation as to strength. Discuss the raising of the
water table and determine if the time of saturation was long enough to

I saturate possible clay lumps so that the consolidation could take place that
would preclude further settlement.

.,

Discuss the preload effect on clay soils lying above the uater table

(7 feet +) that were possibly compacted dry of optimum.. It would appear only
lic:ited consolidation from the preload could take place in this situation and

*

the potential for further settlement would exist.

Discuss the ef fect of the preload on clays placed wet of optimum. It
would appear consolidation along with a gain in strength would take place.
Determine if the new soil strength is adequate for oearing capacity.

V,

h[
Co lu on- S4 ce he elia li o' exi in fil an act n iriPorma iony b'i er in ad tio al b in a te s de e idrtioftran'

ar
o s) ela iv de ty mois r con ne dens.cy, co olid ion ap ti CouercJ S; y

a s en h r1 . a est v uld ppe r to e si ble n or er tj 4/$opush be/go: at fa or y cue the be e q sti .s . or gs houl be utipou Nes.
a - di ur dc esi- s 1 mpi ta n.

,

I
; (4) Miscellaneous. A contour cap, showing the settlement
| configuration of the Diesel Generator Building, furnished by the applicant at
; the aseting of 27 and 28 Mr.uary 1980 indicates that the base of the building

has warped due to differc.;.ial settlements. Additional stresses will be

| induced in the various components of the structure. The applicant should
j evaluate these stresses due to the differential settlement sud furnish the
3 coc:putations and results for review.
i
3

. . ,-

4,

.. !
.. * ,

1
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Units.1 and 2, Subtask Mo.1 - Letter Report
1

f N. [ Service. Water Building Foundation.
,

J

l (1) Bearing Capacity. A detailed pile design based upon pertinent
soil data should be developed in order to more effectively evaluate the'

! proposed pile support system prior to load testing of * rest' piles. Provide
i adopted soil properties, reference /tSitest data on which they are based, and

method and assumptions'used to e(c'ikte pile design capacity including
computations. Provide estimated /madimum static and dynamic loads to be
imposed and individual contribtit

'

ln (DL, LL, ,0BE, SSE) on the maximum loaded
|

pile. Provide factor of safat' -a' gainst soil failure due to maximum pile load.

(2) Settlements. ' '

(a' Discuss and provide analysis evaluating possible differential

settlement that could occ2r bets en the p:ile supported end and the portion.Dese,de Me v., pee.t of failure on tsfefplaced on filla.n) g la sia.l till. , '
features (e.g. Jieret fuel oilsforwfe f an<s)y re(<tedbehind oe.i,.

' (b) --" 31scuss h why Y r#l'a g wil adjacent to the intake"
e

structure is not required to be" Seismic Category I structure. Evaluate the
observed settlement of *both the service water pumphouse retaining walls and
the intake structure retaining wall and the significance of the settlement
including future settlement prediction on the safe operation of the Midland

.ch w ld add +ert utM/ s/>erfer induced b bNuclear Plant. This cun/vnfion .strerrer pro mitted by yproved codes. y E tse ttle w e e r assin et < deue.ble
(3) Seismic Analysis. Provided the proposed 100 ton ultimate pile

load capacit.ies are achieved and. reasonable margin of safety is available, the
vertical pile support proposed for the overhang section d t e Service Waterh

Pump Structure will provide the support necessary for the structure under
combined static and seismic inertial loadings e'ven if the soil under the
overhang portion of the structure shocid liqu'efy. There is no reason to think

;
this won't be achieved at this time, and the applicant has committed to a load
test to demonstrate the pile capacity. The .dynanic response of the structure,
including the inertial loads for which the structure itself is designed and

; the mechanical equipment contained therein, would change as a result of the

j introduction of the piles. Therefore:
: i

! (a) Please summarize or provide copies of reports on the dynamic
! analysis of the structure in its old and proposed configuration. For the
j latter, provide detailed information on the stiffness assigned to the piles

and the way in which the stiffnesses were obtained and show the largest change.

.| in interior floor vertical response spectra resulting frora the proposed
l

1 modification. If the proposed configuration has not yet been analyzed,
1 describe the analyses that are to be performed giving particular attention to ,

| the basis for calculation or~ selection, of and the range of numerical i
'

stiffness values assigned to the vertical piles. |

b
: (b) Provide af ter completion of the new pils foundation, in
3 accordance with commitment No. 6, item 125, Consumers Poser Company memorandum
, .

5
,

4
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!_

$ dated 13 March 1980, the results of measurements of vertical applied load and[
! absolute pile head vertical defor=ation which will be made when the structuraly

load is jacked on the piles so that the pile stiffness can be determined and.

7 ccupared to that used in the dynamic analysis.
,

k

N. [ Auxiliary Building Electrical. Penetration Areas and Feedwater-

/Isolation Valve Pits. >

_. || |'
-

_

7
' (1) Settlement. Prov d t e assumptions, method, computation and

E estimate of expected allowable IAceiral and vertical deflections under static
h and seismic loadings. f|p d <

< f||f i !=

h (2) Provide the constru. tion ' plans, . and specifications for
underpinning operations beneath// he El'ectrica'l Penetration Area and Feedwater
Valve Pit. The requested infod:iation to be subnitted should cover the6 -

following in sufficient details'|[fo ' evaluation: '
ibe fenoporary'

Details of dewatering system (locations, depth, size and capacity- (a) A
of wells) including the monitoring program to be required (for example,*

;
~ measuring draudown, flow, frequency of observat' ions, etc.) to evaluate the
,

performance and adequacy of the installed syste=. ./,F

[ (b) Location, sectional vie.is and dimensions of access shaf t and
- drift to and below auxiliary building wings. ,

[ (c) Details of temporary surface support system for the valve pits.

- bkT- Dewatering before underpinning is recommended in order d
preclude differential settlement between pile and soil supported elements and

_

negative drag forces." '

t () Provide adopted soil properties cathod and assu=ptions used to
- estimate' caisson and/or pile design capacities, and computational results.o

[ Provide estimated maxi =um static and dynamic load _ (compression, uplif t and
| lateral) to be imposed and the individual contribution (DL, LL, OBE, SSE) on,

,
maximum loaded caisson and/or pile. Provide factor of safety against soil

; failure due to maximum pile load.
'

e
(E) Discuss and furnish computations.for settlement of the portion of

-

i the Auxiliary Building (valve pits, and electrical penetration area) in

j respect to changed water level as a result of the cita dewatering. Include'

; the effect of bouyancy, which was used in previces ulculations, and
- ' fluctuations in water table which could happen,11 dewatering system becomes

; inoperable.
-

" (f,) Discuss protection measures to be required against corrosion, if
{ piling is selected.

K

h

6
:

! '

,

.
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SUBJECT: Interagency Agreement No. NRC-03-79-167, Task No.1 - Midland Planti

Units I and 2, Subtasi No.1 - Letter Report

(h Identify specific information, data and method of presentation to
be submitted for regulatory review at completion of underpinning operation.
This report should summarize construction acti-rities, field inspection

: records, results of field load tests on caissons ani piles,and an evaluation
of the completed fix for assuring the stable foundatior.

1:

M,[ Borated Water Tanks.

(1) Settlement. The ettlement estimate for the Borated Water<

Storage Tanks furnished by the ahplicant 1n response to'NRC Question 31 (10
~

i CyR 50.54f) is based upon the esdits.of tw'o plate load tests. conducted at the

not ef fective in providing info % of! che ta'nks.foundation elevation (EL 627. 0 Since a plate load test is
* rmation regarding the soil beyond a depth more

than twice the diameter of the 'odaring, plate used in the test, the estimate of
the sof t clay layers located at"%pplicant does not include the contribution of
the settlement furnished by the

depth more than 5' below the bottom of the
tanks (see Boring No. T-14 and T-15, and T-22 thru T-26).

(a) Computa settlements which include' contribution of all the soil -

layers influenced by the total load on the tanks. Discuss and provide for
review the analysis evaluating differential settlement that could occur
between the ring (foundations) and the center of the tanks.

(b) The bottom of the borated tanks bEing flexible could varp under
differential settlement. Evaluate %at additional. stresses could be induced
in the ring beams, tank walls, and tank bottoms, because of the settletent,
and compare with allowable stresses. Furnish the computations on stresses
including method, assumptions and adopted soil , properties in the analysis,;

b
\

(2) Bearing Capacity. Laboratory test results on samples from boring
T-15 show a sof t stratum of soil below the tank bottom. Consideration has not
been given to using these test results to evaluate bearing capacity
infornation furnished by the applicant in response to NRC Question 35
(10 CIR 50.54f). Provide bearing capacity computations based on the test~

,

.results of the samples fron relevant borings. This infornation should include.

rathod used, foundation design assu=ptions, adopted soil properties, ultimate
j bearing capacity and resulting factor of safety for' the static and the seismic
. loads.

f % Underground Diesel Fuel Tank Foundation Design
i

| (1) Bearing capacity. Provide bearing capacity computation based on
the test results of samples from relevent borings, including method used,:

j foundation design assumptions, adopted soil" proper':1es, ultimate bearing
j capacity and the resulting factor of safety.
!

(2) Provide tank settlement analysis -due to static and dynamic loads
including methods, assumptions rade, etc.;

7
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, SU3 JECT: Interagency Agreement No. NRC-03-79-167, Task 'No.1 - Midland Plant
{ Units 1 and 2, Subtask No.1 - Letter Report
I
; (3) What will be effects of uplift pressure on the stability of the

- ~

tanks and the associated piping system if the deuatering system becomes.

. inoperable? -

i

-

M, Underground Utilities: I -'

.a 7(1) Settlement . .-

(a) Inspect the interior' of| wa'ter circulction piping with video3
! caneras and sensing devices t s'how pipe cross section, possible areas ot
; crackings and openings, and sloNs of piping following consolidation of the

sEcharge loading.
plantfillbeneaththeimposed}hN

i

'[ . .. .

(b) Theapplicanthasijs'atedinhisresponsetoNRCQuestion7(10-

i CFR 50.54f) that if the duct ba' ks remain intact af ter the preload program hasn
|

-'

been completed, they will be abik to wittistand all future operating loads.
Provide the results of the observations made, during the preload test, to
dater =ine the stability of the duct banks, with.your discussion regarding- ,

'
their reliability to perform their design finctions.

.
,

(c) The response to Question 17 of " Responses to NRC Requests
= Regarding Plant Fill" states that "there is no reason to believe that the

stresses in Seismic Category I piping systa=s will ever approach the Code ,

allowable." We question the above statement based on the following:
'

Profile 26" - OHBC-54 on Fig.19-1 shows a sudden drop of approx. 0.2 feet
within a distance of only 20 feet. Using the procedure on p.17-2,

f b = E(e) = E ( D ) = E ( D ) ( 85 ) 'h i
2R 2 g2

L \
, p = 30000 ( 26 ) [ 8(0.2)(12) ] = 130.0. KSI_

'

2 (20x12)' ay 4,ff,gd/,
I i _ th: n;.m, th; 2 . I L ', ;f .'.;ti le . C-2 552.3, L. III, Li._;i;; 1, .: A3

-!_CC w a . + 1rc: th:: :::: Stre.; !;t;;;ifice.;ieu " eter 1 Lu 4 ._ g ;=

-11 m p;;;d ;,.;.;.1; c;: ::::::::. Yet, Table ~17-2' lists only 52.5 KSIPstress,

for this pipe. This metter requires further revic.w. Please respond to thi,
apparent discrepancy and also specify the location of each computed settlement.

' '
stress at the pipeline stationing shot.m on the profiles. More than one
critical stress location is possible along the same pipeline.,

,

(d) During the site visit on 19 February 1980, we observed three,

instances of '.-hat appeared to be degradation of rattlespace at penetrations of
4 Category I piping through concrete walls as follows:

- ,

I
:

..

..

; 8=

.

!
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SUBJECT: Interagency Agreement No. NRC-03-79-167,- Task No.1 - Midland Plant
Units 1 and 2, Subtask No.1 - Letter Report

West Borated Water Tank - in the valve pit attached to'

the base of the structure, a large diameter steel pipe#

extended through a steel sleeve placed in the wall.'

,

Because the sleeve was not cut ' flush with the wall,
clearance between the sleeve and the pipe was very

f|:small.
, 3 ;/ [' ;- Sluw

-

y,o , ,

71 W2.tl 4 i .*o' I * to ' E 9 'd . v. ' a ,' l''

'| j ;! o. erb. O h4'Veg hd %p+ j'. e .,

ivi .
,t

'Service ' a'ter- St'ructure - Two of the service water<

pipes penetrating the northwest wall of the service.

water sti eture had settled differentia 117 with
respect']'short pieces of 2 x 4 placed in the bottom of

the structure and were resting on slightly

squashed
the penetration. From the inclination of the pipe,
there is,a suggestion that the portions of the pipe-

further back in the wall opening (which was not
,

. visible),were actually bearing on the invert of the
opening. The bottom surface of one of the steel pipes
had small surface irregularities around the edges of
the area in ecutact with the 2 x 4. Whether these
irregularities are normal manufacturing irregularities
or the result of concentration of load on this
tenporary support caused 'by the settlement 'of the

,.

fill, was not knowns
.

.\,
These instances are sufficient to warrant an i xanination of those penetrationse
where Category I pipe derives support from p1' ant fill on one or both sides of
a penetration. In view of the above facts, the following information is

'required.

_. \
(1) What is the ninimum seismic rattlespace required between a'

Category I pipe and the sleeve through which it. penetrates a wall?
:;

(2) Identify all those locations where a Category I pipe deriving
.: support from plant fill penetrates an exterior = concrete wall. Deternine and
|

report the vertical and horizontal rattlespace presently available and the
:j ninimum required at each location and describe remedial actions planned as a

i result of conditions uncovered in the inspection. It is anticipated that the

i answer to Question (1) can be obtained without any significant additional~

.i excavat. ion. If this is not the case, the decision regarding the necessity to
obtain information at those locations requiring major excavation should be*

,

.i deferred until the data fron the other locations have been examined.
';

:I
h

| 9

.
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; SUBJECT: Interagency Agreement No. NRC-03-79-167, Task 'No.1 - Midland Plant
Units 1 and 2, Subtask do.1 - Letter Report

(e) Provida details (thickness, type of materiai etc ) of bedding or
; cradle placed beneath safety related piping, conduits, and supporting

s tructures. Provide profiles along piping, and conduits alignments showing
the properties of all supporting materials to be adopted tu the analysis of
pipe stresses caused by settlement.; .,

The two reinforced,co|n|cre[te return pipes which exit the Service
-

(f) '

[ Water Pump Structure, run alon Mthe[r side of the emergency cooling water
reservoir, and ultimately ente into 'the reservoir, are necessary for safet

shutdown. These pipes are bu ad.Lwithin or near the crest of Category I .

noreporton,oranalysisof,/th@glopes.-
slopes that form the sides of h emergency! cooling water reservoir. There is

seismic s'tability of post earthquake
residual di' placement for thesej While .the limited data from this areas

do not raise the specter of any fproblem,; for an important element of the plant
such as this, the earthquake sta 111tyfshould be examined by state-of-the-art
methods. Therefore, provide results of the seismic analysis of the slopes
leading to an estimate of tha permanent deformation of the pipes. Please
provide the following: (1) a c:an showing the pipe location with respect to
other nearby structures, slope., of the reservoir and the coordinate system;
(2) cross-sections shosing the pipes, normal pool levels, slopes, subsurface
conditions as interpreted from borings and/or. logs of excavations at (a) a
location parallel to and about 50 ft from the southeast outside wall of the
service water pipe structure and (b) a location where the cross section will
include both discharge structures. Actual boring logs'should be shown 'on the
profiles; their offset from the profile noted, and soils should be described
using the Unified Soil Classification Systen; (3) discussion of available
shear strength data and choice of strengths used in stability analysis; (4)
determination of static factor or safety, critical earthquake acceleration,
and location of critical circle; (5) calculat'io'n of residual novement by the
method presented by Newmark (1965) or Makdisi and Seed (1978); and (6) a
determination of whether or not the pipes can{afunction properly af ter such
covements. - i n

%, Cooling Pond. ~

(1) Emegency Cooling Pond. In recognition that the type of,

i embankment fill and;the compaction control.used to construct the retention
' dikes for the cooling pond were the same as for the problem plant fill, we

.j request reasonable assurance that the slopes of. the Category I Emergency
! Cooling Pond (baf fle dike and main dike) are stable under both static and
'

dynanic loadings. We request a revised stability analysis for review, which,

} will include it'entification of locations analyzed, adopted foundation and
i

,

embanknent conditions (stratification, seepage, etc.) and baris for selection, I

i adopted soil properties, method of stability analysis used and resulting
|

j factor of safety with identification of sliding surfaces analyzed. Please
j address any potential inpact on Category I pipes near the slopes, based on the j

2 results of this stability study. Recoc.'.endations for location of new
] exploration and testing have been provided in a separate letter.
l .

10
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SUBJECT: Interagency Agreement No. NRC-03-79-167, Task No.1 - Midland Plant'

Units 1 and 2, Subtask No.1 - Letter Report

'I (2) Operating Cooling Pond. A high level of safety abould be
d required for the remining slopes of the Operating Cooling Pond unless it can

be assured that a failure will not: (a) endanger public health and'

properties, (b) result in an asscult on environment, (c) impair needed,

i
emergency access. Recommendations for, locations of new borings and laboratory

j tests have been submitted in a separate. letter. These ' recommendations were
made on the assu=ptions that the stabi'1'ity of the opera'ing cooling pond dikes
should be demonstrated. '

l'h(|:1'ff
Y, Site Dewatering Adequa

(1) In order to provide jt;h'e. necessary assurance of safety against
liquefaction, it is necessary t'oldemonsi: rate' that the water will not rise
above elevation 610 during nor=al/@perations or during a shutdown process.
The applicant has decided to accocrplish this by pumping from we13s at the

,

In the event M a failurehpartial failure,'or degradation of thesite.
dewatering system (anu its backup, system) caused by the earthquake or any
other event such as equipment breakdown, the water levels will begin to rise.
Depending on the answer to Question (a) below concerning the normal operating>

water levels in the immediate vicinity of Cat'egory I structures and pipelines
:

founded on plant fill, different amounts of time are available to accomplish'

repair or shutdown. In response to Question 24 (10 CFR 50.54f) the applicant
states "the operating groundwater level will be approximately el 595 f t"
(page 24-1). On page 24-1 the applicant also states "Therefore el 610' is to

, be used in the designs of the devatering system'as the maximum permissible'

3roundwater level elevation under SSE conditions." Ca page 24-15 it is stated
that "The wells will fully penetrate the backfill sands and underlying natural
sands in this area." The bottom of the natural sands is indicated to vary
f rom elevation 605 to 580 within the plant fill; area according to Figure
24-12. The applicant should discuss and furnish response to the following
questions: \

,

'

\

| (a) Is the normal operating dewatering plan to (1) pump such that the
water level in the wells being pumped is held at or below elevation 595 or (2)

| to pump as necessary to hold the water levels in all observation wells near
Category I Structures and Category I Pipelines supported on plant fill at or

; below elevation 59~, (3) to pump as necessary to hold water levels in the'

wells menti'oned in (2) above at or below elevation 610, or (4) something else?,

j If it is something else, what is it?
I

f (b) In the event the water levels in observation wells near Category
{

I Structures or Pipelines supported on plant fill exceed those for normal
| operating conditions as defined by your answeer to * Question (a) what action

will be taken? In the event,that the water level in any of these observation
wells exceeds elevation 610, what action will be taken?

114

:

I

!

b
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! (c) Where will the observation wells in the planc fill area be
.I located that will be monitored during the plant lifeti=e? At what depths will

the screened intervals be? Will the combination of (1) screened interval in
cohesionless soil and (2) deconstration of timely response to changes in'

cooling pond level prior to drawdown be cade a condition for selecting the
cbservation wells? Under what conditions will the alarm mentioned on pago

,

24-20 be triggered? What will be the response to the alarm?' A worst case test

of the completed permanent dewateringj] tid groundwater level monitoring systems
i

,

could be conducted to determine whether or not the time required to accomplish
shutdown and cooling is available!MTilis could be done by shutting off the'

entire dewatering system when the$ cooling' pond _is at elevation 627 and

determining the water level versus[fuater level under Category I structure,
' time curve for each observation well. The

test should be continued until the
whosefoundationsarepotentia11'y[!iSquefiab1E, reaches elevation 610 (the
nor=al water level) or the sum ofj e time. intervals allotted for repair and

.

the time interval needed to accomplish shutdown . (should the repair prove
unsuccessful) has been exceeded, i4ficaever occurs first. In view of the

heterogeneity of the fill, the likkly varia' tion of its permeability and the
necessity of making several assumptions in the analy.;is which sas presented in
the applicant's response to Question 24a_, a full-scale test should give more ,

':eliable information on the available time. In view of the above the
applicant should furnish' his response to the following:

- -

If a dewatering systed failure or degradation occurs, in order to
assure that the plant is shutdown by the time water'1evel reaches elevation
510, it is necessary to initiate shutdown earlier.; In the event of a failure
of the dewatering system, what is the water level or condition at which
shutdown will be initiated? Eow is that condition determined? An acceptable
:ethod would be a full-scale worst-case test perforced by shutting off the
entire dewatering system with the cooling pond. at elevation 627 to determine,
at each Category I Structure deriving support fres plant fill, the water level
at which a sufficient time window still retnins to accompIlsh shutdown before

the vater rises to elevation 610. In establishing the groundwater level or
co=dition that will trigger shutdown, it is necessary to account for normal
surface water inflow as well as groundwater recharge and to assume that any

iadditional action taken to repair the dewatering systes, beyond the point in
tire when the trigger condition is first reached, is unsuccessful.

(2) As per dpplicant response to NRC Question 24 (10 CFR 50.54f) the
design of the permanent dewatering system is based upon two major findings:

i (1) the granular backfill materials are in hydraulic connection with an
i underlying discontinuous body of natural sand, and (2) seepage from the

cooling pond is restricted to the intake and pucp structure area, since the
,

plant fill south of Diesel Generator 3uilding is an effective barrier to the

j inflow of the cooling pond water. However, soil profiles (Figure 24-2 in the
j *Rasponse to NRC Requests Regarding Plsnt Fill **), pucping test time-drawdown
j graphs (Figure 24-14), and plotted cones of influence (Figure 24-15) indicate
i that south of Diesel Generator Building, the plant fill =aterial adjdcent to

i 12
; . .

i
i
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,

the cooling pond is not an effective barrier to inflow of cooling pond eater.
The estimated permeability for the fill caterial as reported by the ap, iicant
is 8 feet / day and the transmissivities range from 29 to 102 square feet / day.
Evaluate and furnish for review the recharge rate of seepage through the fill
caterials from the south side of thejDiesel Generator Building on the
permanent dewatering system. Thisi evaluation should especially consider the

,
recovery data from PD-3 and comp 1'e'fhta from PD-5.

4f! 1:v

(3) The interceptor wWils have been positioned along the northern

calculations estinating the tota'y//groundwat'er inflow indicate 'the structures
side of the Water Intake Structu e''and service water pump structuras. Ihe;

l
serve as a positive cutoff. Holiever, the isopachs of the sand (Figures 24-9i

and 24-10) indicate 5 to 10 fee't!hf redaihing natural sands below thesel
'

structures. The soil profile (Ff,gure 2,4'-2) neither agrees nor disagrees with
the isopachs. The calculationsifor total flow, which assuned positive cutoff,-

reduced the length of the line s$urce of inflow by 2/3. The calculations for
the spacing and positioning of wells assumed this reduced total flow is
applied along the entire length o'f the structures. Clarify the existence of
seepage below the structures, present supporting data and calculations, and
reposition wells accordingly. Include the supporting data such as drawdown at
the interceptar wells, at midway location between any two consecutive wells,
and the increase in the water elevations downstream of the interceptor wells.

'The presence of structures near the cooling pond appears to have created a
situation of artesian flow through the sand layer. Discuss why artesian flow
was not considered in the design of the dewatering system.

(4) Provide construction plans and specification of permanent
devatering system (location, depths, size and capacity of wells, filterpack
design) including required monitoring program. The information furnished in
response of NRC. Question 24 (10 CFR 50.54f) is not adequate to evaluate the
adequacy of the system. ,(

(5) Discuss the ranifications of plugging or leaving open the weep
holes in the retaining wall at the Service Water Building.

,

(6) Discuss in detail the caintenance plan,for the deuatering system.

(7) What are your plans for monitoring vater table in the control,

tower area of the Auxiliary Building?

'

(8) What measures will be required to prevent incrustation of the
pipings of the dewatering system. Identify the controls to be required during
plant operation (neasure of dissolved solids, chemical controls). Provide
basis for established criteria in view of the results shown on Table 1, page

1 23 of tab 147.
!

!
i
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! .

(9) Upon reaching a steady state in dewatering, s. groundwater survey
should be made to confirm the position of the water table and to insure that
no perched water' tables exist.

~

Dewatering of the site should be scheduled with a sufficient lead time
before plant start up so that the additional sectieaant end its effects
(especially on piping) can be studied. Settlenent should be closely monitored

j'

during this period. f a ns fos condeleting khis youndwUn fuYvey .ll' rov /dc your
; j. Liquefaction Potential. ,,g

/ /'

|
An independent Seed-Idriss implified Analysis was performed for the

fill area under the assumption that/ the groundwater table was at or belowl
!

elevation 610. For 0.19 g peak gr[ouhd surface acceeleration, it was found
| that blow counts as fo11cus weref re 'uired foria factor of safety of 1.5:
t i p,

f Minidum' SPT Blow Count *1
,

Elevation
ft - For- F. S . = 1. 5

'

'e:
610 / 14
605 i, 16 ,'

600
'

i.,17
j 19'595 -'

The analysis was considered conservative for the foll'cwing reasons (a) no
account was taken of the weight of any structure, (b) liquefaction criteria
f or a =agnitude 6 earthquake were used whereas an NRC ' memorandum of 17 Mar 30
considered nothing larger than 5.5 for an earthquake with the peak
acceleration level of 0.19 g's, (c) unit weights were varied over a range
broad enough to cover any uncertainty and the tabulation above is based on the
nost conservative set of assunpcions. Out of ,over 250 standard penetration .

tests on cohesionless plant fill or natural foundation caterial below -

elevation 610, the criteria given above are noi: satisfied in four tests in
natural caterials located below the plant fill \and in 23 tests located in the

,

'

plant fill. These tests involve the following' borings:
i

>

:
SW3, SW2, DG-18, AK 13, AX 4, AK 15, AXD7, AX 5, AX 11,

| DG 19, DG 13, DG 7, DG 5, D 21, GT 1,. 2.' *

,

Some of the tests on natural :nterial were conducted at depths of at less than
10 f t before approximately 35 f e of fill was' placed over the location. Prior
to comparison with the criteria these tests should be multiplied by a factor
of about 2.3 to account for the increase in effective overburden pressure that'

|
results from the placement and future devatering of the fill.,

1*For M = 7.5, blow counts would increase by 30%.

,
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|
t Of the 23 tests. on plant fill which fail to satisfy the criteria, most are'

near or under structures where remedial measures. alleviating necessity for
4

support from the fill are planned. Only 4 of the tests are under the Dieseli <

Generator Building (which will still derive its support from the fill) and 3 <

1

others are near it. Because these locations where low blow counts were
' recorded are well separated from one' another and are not' one continuous

lof joose material, no failure mechanism isstratum but are localized pocket
/f-

present.>

.: 1
,

In view of the large number of b Sings'in the plant fill area and tha
conservatism adopted in analysiM//these few isolated pockets are no *.hreat to,

plant safety. The fill area is/fafe agains't liquefection in a' Magnitude 6.0l

earthquake 'or smaller which produces .a; peak ground surface acceleration of
0.19 g or less provided the gro " dwter ; elevation in the fill is kept at or
below elevation 610. '// . .

6 .

pg Seismic analysis of structures on plant fill materdal.
.o.,

(1) Category : Structures. From Section 3.7.2.4 of the FSAR it can,

of about 1350 f t/see was used in the
be calculated that an average V, interaction analysis of the Category Ioriginal dynamic soil structure

This is cenfirmed by one of the viewgraphs used in the 28structcres.
February Bechtel presentation. Plant fill V, is clearly much lower than
this value. It is understood from the response to Question 13 (10 CFR 50.54f)
concerning plant fill that the analysis of several Category I structures are
underway using a lower bound average V, = 500 f t/sec for sections supported
on plant fill and that floor response spectra and design forces will be taken
as the most severe of those from the new and old analysis. The questions
which follow are intended to make certain if.this is the case and gain an
understanding of the inpact of this parametric variation in foundation
conditions. .{' been

'

,

(a) Discuss which Category I struc'tures havegand/or will be
reanalyzed for changes in seismic soil structure interaction due to the change

| in plant fill stiffness from that envisioned in the origiral design. Have any
Category I structures deriving support from plant' fill been excluded fron
reanalysis? On what basis? ,

-

:

} (b) Tabulate for each old analysis and each reanalysis, the |

danping constants derive $,9 and 9 ) used and the equivalent spring and
<

foundation parameters (v.| therefron so the reviewer can gain an appreciationI
of the extent of parametric variation performed.i

,

.I

I (c) Is it the intent to analyze the adequacy of the structures and
f

their contents based upon the envelope of the results of the old and new
I analyses? For each structure analyzed, please show on the same plot the old,

new, and revised enveloping floor response spectra so the effect of the
|
)

15'

1

!

|
;
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changed backfill on interior response spectra predicted by the various models
,

can be readily seen.
,

'j (2) Category I retaining wall near the southeast corner of the
Service Water Structure. This vall is. experiencing some differential

] '

i .attlement. Boring information in. Figure 24-2 (Questinn 24, Volune 1
}. Responses to NRC Requests Regardink P ant Fill) suggests the wall is founded

on natural soils and backfilled /dth laut fill on the land side. Please
4

} furnish details clarifying the ollowing:

1
' |. I ',

.|
(a) Is there any plaa ill underneath the wall? What additional

data beyond.that shown in Figu T4'-2 support yotr answer?
I, -

i (b) Have or should the'j sign seisnic loads (FSAR Figure 2.5-45) be
... .

1

changed as a result of the chang d backfill conditions?"

ri
| (c) Have or should dynamic water loadings it. the reservoir be

considered in the seismic design |of this wall? Please explain the basis of,

,j your answer. i ,, -

S. In your response for the comments and questions, in paragraph 4 above, if
you feel that sufficiently detailed information alr'eady exists on the Midland

,

docket that may have been overlooked, please make ' reference to that
information. Resolution of issues and concerns.will depend on the. expeditious <

'

receipt of data mentioned above. Contact Mr. Neal Cehring at FTS 226-6793>

; regarding ques.tions.

y;g TEE 1;I523IC2 TIGC8
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SUBJECT: Midland Nuclear Power Plant Ground Motion Study

.

Commander
US Army Engineer District, Detroit
Atta: NCEED-T/Mr. Neil Gehrig
PO Box 1027
Detroit, MI 48231

DRAF:
1. Reference memorandum for record dated 3 August 1981, subject: Effect
of Plant Fill on Seismic Ground Motion Environment at the Midland Michigan
Nuclear Power Plant by Dr. Paul F. Hadala (Incl 1). This memorandum is an
interim teport under your IA0 Number CE-1A-80-047,

2. If you have any questions, please feel free to contact Dr. Hadala at
FTS 542-3475.

FOR THE COMMANDER AND DIRECTOR:

1 Incl
*as

CF w/ incl: H. B,. SIMMONS
Mr. im Simpson (NCDED-G) Engineer

. Lyman Heller (NRC) Acting Technical Director
r. Joe Kane, (NRC) (4 copies)
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MEMORANDUM FOR RECORD

SUBJECT: Effect of Plant Fill on Seismic Ground Motion Environment at the
Midland Michigan Nuclear Power Plant

1. INTRODUCTION. Under IA0 Number CE-IA-80-047 from the Detroit District CE,
(who are in turn supporting the Site Analysis Branch of the Nuclear Regulatory
Commission), the undersigned has participated in a continuing review of the
plant fill at Midland Nuclear Power Plant. My participation has been limited
to seismic considerations. References 1 and 2 addressed a number of questions
but were gimarily concerned with evaluation of liquefaction potential. This
memorandum, which consists of two parts, addresses the effect of the plant
fill on the earthquake induced ground motion environment. Part I is a review
of Appendix B of Reference 3 requested by NRC. Part II consists of a series
of SHAKE Code (Reference 4) one-dimensional wave propagation calculations
performr.d by WES to study the effects of changing some of the parameters used
lii si-ilar calculations in Reference 3.

.

2. PART I - REVIEW OF WESTON'S REPORT. In the main body of Reference 3,
the only portion this writer is competent to evaluate is Section 2.2. The
P- and S-wave velocity profile given in Figure 1 of Reference 3 and plotted
in Figure 4 of that reference are considered reasonable. Inclosure 6 of

Refereace 1 shows the S-wave velocity (V) data for the plant fill to be consis-
tent with the 440-1060 ft/sec range adopted by Weston. A closer look at
Inci 6 of Reference 1 indicates the vast majority of the data lies between
575 and 900 ft/sec and that there is a slight trend of increase in V, with
depth. In the upper part of the fill, 700 ft/sec is an upper bound to nearly
all the data. The P- and S-wave velocity profiles used for that portion of
the profile below original ground surface come from the Weston preconstruction.

geophysical tests (see FSAR section 2.5.4.7.2) and the effect of the addition

of the fill should be only a very slight increase in V,. The amount of the
increase is judged to be so small that it could not be resolved because it,

is below the sensitivity of the seismic testmethods (see Reference 7). This-

reviewer is satisfied that the seismic profile used in the selection of>

records for use in the development of a site specific response spectra for
the plant fill is physically reasonable for the site and consistent with
the available data. -

3. Appendix B of Reference 3 contains the results of a series of SHAKE Code
one-dimensional wave propagation analyses performed to study "possible local |

amplification effects on earthquake ground motion at the Midland Plant Site."

(C1 1
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; Midland. Michigan Nuclear Power Plant

In Section 2.0 of Appendix B and Figures B-1, B-3, B-4, and B-5, soil profiles
and properties used in the analyses are presented. This reviewer has no
disagreement with the range of layered systems investigated, the densities,
damping, and shear-wave velocities used. However, by specifying modulus

; factors, the authors of Appendix B effectively negated their choice of shear-
wave velocities and substituted much lower values for the plant fill as shown )
in Figure 1. This point was first pointed out to the authors and the applicant's '

representatives at a meeting at NRC in Bethesda, MD on 30 June 1981.
,

l 4. SHAKE, when given modulus factors, uses them in preference to V to compute
-

sthe initial shear modulus G . Si.tce the shear modulus-shear strain curve foro
each layer which is used in the code is normalizedto G,, shear moduli for all
strain levels are controlled by its specification. Figure 1 also shows that the

upper 50 ft of the till was represented as being five times stiffer than it
actually was. This reviewer verified that the solid curve in Figure 1 was
what was actually used for Case A by performing a duplicate of one of the,

authors' calculations and reproducing the results in Figure B-8 of Reference 3.
,

5. The normalized shear modulus and damping versus strain curves used in the
Appendix B calculations were not given in the report. However, they were
supplied to the reviewer by letter (Reference 6) and were determined to be
those developed in Reference S. The curves are shown in Figures 2 and 3.
The use of these curves is considerad an acceptable state-of-the-art practice.

6. In Reference 6, the authors provided the reviewers with a set of new results,

from SHAKE Code calculations for the Case A profile in whien the modulus factors
were adjusted to produce initial shear moduli consistent with the shear-wave
velocities. This revised set of properties is referred to as Case A, variation 1.

Figure 4 shows the effect of changing modulus factors on the amplification factor
versus frequency curve generated by the SHAKE code calculation for Case A soil
profile. The El Centro 5/18/1940 acceleration record for the Imperial Valley station
scaled to 0.12 g was used as an outcrop of the Saginou bedrock (which underlies
the profile at a depth of 371 f t) in this' calculation. As shown in Figure 4,
there are substantial percentage increases in amplification factors at frequencies
between 1/2 and 10 hz when more realistic modulus factors are used.

7. In References 3 and 6, a substantial number of computer code parameter studies were
performed. A wide variation in soil profiles was considered along with four,

i different earthquake records. In all cases the records were scaled to 0.12 g
and input as outcrop motions for an outcrop of the Saginaw Formation. In the
case of the El Centro record, which was recorded on deep alluvium, a question,

' arises as to the appropriateness of using this record as a bedrock outcrop.
I The other three records used are all from the Lytle Creek Earthquake (Richter

magnitude 5.4). Two of the three records have been classified as being recorded
at " intermediate" sites and one, the Cedar Springs, Allen Ranch record is
from a rock site. The use of these records as rock outcrop motions is more realistic
than is the use of the El Centro record. The effect of the choice of the layer
selected for the outcrop will be examined in Part II.

!

I
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t

8. Also, the El Centro record, which was used in most of the Reference 3 SHAKE
calculations is from the near field of an earthquake of magnitude 6.7 and is rich
in low frequencies. The site specific response spectra developed in the report
was based on a 5.3 m earthquake adjacent to the Midland site. Why the record'

b
for a substantially larger event was used as the baseline or pivot point of

a. the parameter study is unknown. Tne other three records are from an earthquake
of the appropriate magnitude. -

,

9. In the final analysis, all of the work in Appendix B of Reference 3 is
~

, summarized in a plot of the ratio of response spectra for the top fill to that
for the original ground surface. See Figure 5, which is a copy of Figure 9
of Reference 3. The fact that the acalytically developed curve (a) lies below
the curve for the comparable ratio of empirically developed site specific response.

spectra (SSRS) and, (b) has a similar shape been used as an argument that the
empirically based SSRS are physically reasonable and are more conservative than

,

the top of fill spectrum that would have been obtained via a SHAKE code calcula-
! tion. The additional ratio of response spectra calculations furnished in Refer-

ence 6 are superimposed on Figure 5 and show that the e"fect of revising the
site properties was to increase the calculated ratios oi response spectra (RRS)
in the 1/2 to 10He range. However, the analytically developed RRS still (with
minor exception) lie below the RRS for the empirically developed site specific
response spectra.

10. Figure 6 shows the 84th percentile, 5 percent damped site specific response
spectra developed via empirical methods in References 3 and 5 for the top of
plant fill and the original ground surface, respectively. Figure 6 indicates
that the empirical approach produces substantial amplification of response at
periods greater than 0.25 sec (frequencies less than 4 hz), which is supported
by the additional calculations reported in Referece 6 and displayed in Figure 5.

'

11. PART II - SHAKE CODE PARAMETER STUDY. One of the objectives of the
parameter study was to determine the dif ferences between the ground motion
environment at the top of plant fill and the original ground surface as calcu-
laced under the assumption of one-dimensional vertical shear wave propogation
and all of the other assumptions implicit in the use of the SHAKE Computer
code (see Reference 4 ). Another was to study effects of variations in the
soil properties assumed for the plant fill. A third object.ive was to study

,

)
the effect of varying the input accelerogram on ground motion. The second
and third objectives have already been addressed in Reference 3 and the work,

j reported herein merely extends the range of that parameter study. The fourth
; objective was to examine the effect of choice of outcropping layer. In Reference 3,
- all calculations were made assuming that the accelerogram represented the motion
| at a bedrock (Saginaw Formation) outcrop near the site. An equally.(or perhaps
t more) reasonable assumption for some of the accelerograms is that they represent
| original ground surface (top of till) motio'ns. Table 1 is a list of the thirteen
I, SHAKE code calculations performed that shows the variation of parameters performed.
t Table 2 describes the earthquake accelerograms used as input.
.

I

.
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|
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j Midland Michigan Nuclear Power Plantr_

:

L
L 12. The reference point for the parameter study reported herein is the Case A

soil profile given in Reference 3 (see also Table 3), the El Centro earthquake=

L accelerogram described in Table 2, which was scaled to 0.12 g in this study as
[ ; well as in Reference 3. Each SHAKE run used an earth pressure at rest coefficient

of 0.45 and the following options (see Page 15 of' Reference 4): 1,2,3,4,5,.,

8, 9, and 15. The first calculation performed (Run 1) was performed to duplicate
one of the calculations in Reference 3. It used the Case A soil profile (Tatle 3
and dotted line in Figure 1) even though it was considered much too soft in ene.

J fill layers and,too stiff in the upper part of the glacial'till. It was used
) because it was the one used in Reference 3. The modulus and damping versus

' strain relations used in Option 8 are those given in the sample data set on
Page 40 of Reference 4 and a e essentially those shown in Figures 2 and 3. The
accelerogram (El Centro, S00E, 5/18/40) scaled to 0.12 g was used only because;

F of its choice by the authors et Reference 3. As shown in Table 2, it is a long
'

$ record and was recorded in the ne.;r field region of an earthquake substantially
larger than the safe shutdown earthquake for the Midland site. The outcrop
location in the rock of the Saginaw Formation (which underlies the Case A profilef, at a depth of 371 ft) was chosen again because it was used in Reference 3. The

'

actual accelerogram was recorded at the surface of a deep soft alluvial deposit
. and its frequency content is probably not appropriate for a rock outcrop. This

calculation (the solid line curve in Figure 7) duplicated the amplification curve
L shown in Figure B-8 of Reference ').
:
if- 13. Figure 7 shows the rffect of some variation in site profile on the ampli-
-

fication factor curve for the motion at the top of fill with respect to outcrop
-

mo tion. Figure 8 shows the effects of the same variations in site profile on
5 percet.: damped shock spectra at the ground sutt' ace. Profile F, whose proper-

*
,

_ ties are given in Table 4 and whose low strain level shear modulus vs depth
relationship is given by the solid line in Figure 1 represents this writer's

7 judgment of the lower limit of fill stiffness and the best estimate of the
'

stiffness of the natural ground. Profile G, whose properties are given in
[ Table 5, represents this writer's judgmenti on the upper limit of the fill stiff-
r ness. Below the plant fill it is the same as F. Profile H (see Table 6) is
Pm the same site profile as.F and G, but with the fill removed. The top of the

profile in this' case is the original ground surface. Case I is the same as A
but with the fill removed.

t

14. Figures 7 and 8 show that changing profiles make substantial differences,

in the results of the calculations. The effects are best shown on the shock,

'

spectra in Figure 8. When profiles A and I are compared (wrong site properties
j with and without fill) it is seen that the effect is also deamplification at*y frequencies above 1 Hz but to a lesser degree. Figure 7 shows that in the lower

E I frequency range (below 1 Hz) the effect of the presence of the fill (either Case Ah; or F) is substantial amplification over Case-I.
V

[|; 15. Figure 7 also shows for Profile F what happens when the outcrop location
p -| is changed to the top of till (i.e. the original ground surface), a location
( considered more realistic for a ground motion record recorded on the surface of
r- ,

k
-

m
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Y deep alluvium. The nature of the amplification curve changes radically, the
amplification factor remains close to unity at low frequencies and drops toward' = '

== zero at the higher frequencies. This is in accord with common sense, as the
-8 top of fill is only 30 ft above the outcrop's elevation in the profile and.

- radically different low frequency motions at the two points are a physical
-

impossibility.

5: .

3; 16. While this writer considers' the spectra in Figure 8 for the A and I pro-
Mi files inappropriate because of the bedrock outcrop location used in the calcu-
"t lation and the size of earthquake in which the record was obtained, the spectra
6 in Figure 8 can be compared with the 84th percentile empirically developed
3 r,pectra shown in Figure 6 by overlaying th'e transparency of Figure 6 given at
3 the end of this report on Figure 8. In fact, the same comparison can be made
Q* with any of the spectra which follow.

5g 17. Figure 9 shows the spectra for the top of the F, G, and H profiles calcu-
lated if the El Centro record is used as a till outcrop which is physically more"

3 realistic than using it as a *;ock outcrop record. In the 1 to 5 Hz frequency
= rar.ge, ths Profile G spectra is almost the same as that for the original ground
] surface while the spectra for Profile F shows modest amplification. While the
] El Centro record is from an earthquake of larger magnitude than the safe shut-
-;; down earthquake, it is still of interest to compare Figure 9 with Figure 6.
- All three spectra exceed the empirical one for the top of fill at frequencies=

_ below 2 Hz. --

_A
Q 18. The NRC staff requested a series of SHAKE calculations be performed with

an accelerogram from the Fogoria-Cornino station and the 9/11/76 earthquake-

g at Friuli, Italy. This record was among those used in the development of the
g empirical site specific response spectra. The card deck for this record was
_- furnished to WES by NRC. Since the record was recorded in the surface and the
3 site profile bears some general similarity in layering and stiffness to the
-= Midland site, the original ground surface is the appropriate outcrop layer
1 and was used as such in Runs 4, 5, and 11 ,(Table 1). Results from these three

B calculations are shown in Figures 10 and 11. Because of the physical proximity
5 of the outcropping layer to the' top of the fill, only limited amplification
2 can occur. As expected, Profile F, the softer profile shows more amplificacion
2 : than Profile G. The peaks as shown in Figure 10 are at frequencies wnich arej bounded from above by those obtained from the formula:

1
Et f=V

Where H = layer thickness = 31 ft

. f = f requency- -3
=is: V = average small strain level shear-wave velocity of
-$ ! fill (670 ft/sec for Profile F and 770 ft/see for

*

Profile G)-

Since Profile F is softer and the response of the fill is, on a relative scale,a
-i much further into the nonlinear regime, the greater overprediction by the formula

, for Case F appears reasonable.

"9
S-
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.$ 19. Figure 11 shows the spectra for the same 3 cases. The top of fill spectra
'

for Profile G is essentially the same as that for the original ground surface
(Profile H) while that for. Profile F shows some amplification in the 2-5 He-

; frequency range. Since the acceleration record, soil profiles and outcrop are
; all physically reasonable with respect to the. assumptions made in the develop-

ment of the empirical site specific response spectra, a comparison with trans-,

*

patency of Figure 6 is appropriate. Such a comparison shaws that except for
two very slight excursions, the spectra in Figure 11 are all below the 84th
percentile empirical spectra for the top of fill.

,

20. The third acceleration record the NRC staff requested be used in SHAKE
calculations was the Temblor record from the Parkfield earthquake (see Table 2).
While the record was obtained in an earthquake of a magnitude close to that
of the safe shutdown earthquake, this record was recorded at a rock site in.

fairly close proximity to the fault rupture. At the 30 June meeting at NRC,,

there was much discussion over the appropriateness (and lack thereof) of the Parkfield
records for the Midland site. There is additional discussion on the subject
in Reference 9. This issue falls within the expertise of the seismologist'
and the writer is not a seismologist. However, what is clear is that if the
Temblor record is to be used'in SHAKE calculations, it should be used as a
rock outcrop record.

I

21. Figures 12 and 13 show the amplification factors and shock spectra computed
uaing the Parkfield-Temblor record. The figure shows substantial amplification
due to the fill at frequencies up to 4 Hz and the spectra showed in Figure 12
exceed those in Figure 6 substantially in the range below 5 He. It should be
expected thag if the seismologists decide the Parkfield-Temblor record and
others like it should make up a substantial part of the data set for an empir-
ical analyt ts then the empirically developed spectra for the plant fill would
exceed that in Reference 3. Reference 9 showed that such was also the case
for the spectra for the original ground surface.

,

22. Figure 14 shows the largest effect of any single variation made in this
study. Changing from a rock outcrop (whic'h is appropriate for the Temblor

| record) to a till outcrop substantially decreased the shock spectra amplitudes
in the entire region of interest.

23. Figures 15 and 16 show ratios of response spectra calculated by the same
! ecuation used in Reference 3. These ratios are the ratio of the spectra for

the top of fill to that for the outcrop motion. With only one exception, those.

cases where the writer judged the outcrop layer was reasonably matched to the
i actual conditions at the accelerograph secondary station are shown. The excep-
i tion is the case of Runs 1 and 13 on Figure 16. This is shown because it was
! one of the cases examined in Reference 3. While the new calculation is close

|{ to the results in Figure B-14 of Reference 3, it is not an exact match. This is
probably because the calculations which resulted in Figures 15 and 16 were1

performed with an amplification factor data set which had less resolution in+

i the frequency domain (af = 0.1 He) and no smoothing of the input. The key point
is that except for the cases involving the Parkfield-Temblor record, all lie

;
;

$
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well below the curve for the ratios of site specific response spectra given in
j Figure 9 of Reference 3 (also Figure 5 of this memorandum). It is also of

interest to note that the ratios are generally closer to unity over the entire.

: frequency range for the till outcrop cases than for those with the Saginaw
outcrop.

i 24. SUMMARY. The analytical parameter study has shown that the effect of the
| addition of' the fill on the ground motion environment aan be different depending

on the stiffness of the fill, the acceleration record choaen, or which layeri

is chosen for the outcrop. The largest variations observed in the top of fill,

i ground shock environment occurred due to the change from Profiles A to F (or I
I to H). This represents a major change, not just in the fill but in the top

50 ft of original ground. The combined effects of making the site properties*

! more realistic was to raise the shock environment (Figure 8). The second major
! variation was the result of changing outcrops. In general, changing from Saginaw
' to till as the outcropping layer decreased the shock environment substantially

(compare Figures 8 and 9; see also Figure 14). The effect of stiffening the fill'

" only was to decrease the shock environment at the top of the fill (Figure 11)
! by a modest amount.

25. The 5 percent damped shock spectra calculated for the top of the fill for
all cases involving the Fogaria record were below the empirically developed
84th percentile site specific response spectra (SSRS). The use of the El Centro
record as a till outcrop and realistic site properties produced spectra which
exceeded the SSRS to a modest degree in a limited frequency range. The spectra
calculated using the Parkfield-Temblor record as a rock outcrop significantly
exceeded the SSRS. Whether the El Centro and Parkfield records are reasonable
ones to use in the first place has been questioned. This writer cannot answer
that question; it should be posed to the seismologists.

.

26. All ratios of response spectra (RRS) calculated except those for the Parkfield-
Temblor record fell within the envelope of the RRS from the Reference 3 study,

.

3 Incl: PAUL F. HADALA
1. Tables Assistant Chief
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Table 1 ;

h SHAKE CODE PARAMETER STUDY

[ib f
Run Number Soil Profile Record Outcrop Assumed Remarks

'

1 A El Centro Saginaw Duplicate of Run From Reference 3

2 .76/.93 F El Centro Till More Realistic Outcrop, Vary Soil Profile

3 C El Centro Till More Realistic Outcrop, Vary Soil Profile |

4 .76/.85 F Fogaria Till Vary Soil Profile

}H5 .76/.86 G Fogaria Till ?
rd

6 F Parkfield-Temblor Saginaw Vary Soil Profile

7 ' G Parkfield-Temblor Saginaw ,;

8 F El Centro Saginaw Compare with 1 (Soil Profile), Compare
with 2 (Outcrop)

|
*

9 .76/.91 F Parkfield-Temblor Till Compare with 6 (Outcrop) I

|
10 H El Centro Till Compare with 2 and 3 (Natural Ground vs

3

Top of Fill) '
.

y

11 H Fogaria Till Compare with 4 and 5 (Natural Ground vs
Top of Fill) I

i
12 H Parkfield-Temblor Saginaw Compare with 6 and 7 (Natural Ground vs f

Top of Fill)

13 I El Centro Saginaw Compare with 1 (Natural Ground vs Top
of Fill) ,

I

:

l. - - - - - - - - - - - - - - - _ - _
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Table 2

GROUND HOTION RECORDS USED
a Record Time " max

Source Of Earthquake Length Interval After Scaling {Before aling
Record * Mag. Date Station Component g sec. sec . g.

CIT Vol II El Centro In.perial S00E 0.35 53.8 0.02 0.12
6.7 5/18/40 Valley #117 jR

Card Deck Friule After- Fogaria- EW 0.11 15.0 0.005 0.12
Provided by shock 5.0 Cornino

b ,,

9/11/76
,

CIT Vol II Parkfield Temblor 525E 0.35 30.4 0.25 0.12 [
5.6 6/27/66 "

1 -.
'

* All records were run without any further attempt at baseline connection.

O |-
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Tabla 3

- - . . . - - .

'IE AD SQlt l*rt0RihE
_

...... .sP T I '34 11 ... [f
* *

Pru so!L s'RorltE rio.' 0- raE U srl,cATios CASE A h|
m4unnrn cr rav'tas e !!'PTrt-TP-prDRpcit-- 37 700

'4uitnER of FIP 3T S'lTlf!EftCED L4Yi|R 4 Wlil*TH TP WATER I.F,Vt.L 1 s33 f|
r1

L A YER T Yl'E----- l'ACTOG THICK 4 CSS ~- del'TH --FFf' PRES $1 - - - %DuLUS --- DArPINil-- UNIT WeilGTH - SSF AR VFL----- -- f ;itm'. DAHP. Ir I:r K5F Mart /ri fr / u
o n

- ~-~ 1 1 U 11 170s - 5747 3.33 0:40 1E32, 0:05d 0i1d00 -573 i
? 1 4.14 1'.~ 0 0 6/67 10.00 1'20 123a. 0:059 0 1400 57); '

.

1 1 0.10 17.00 A .'6 7 16.67 1.79 1232. 9:054 0 1400 57).4.___g . tl.r0 1* 0 0 - 5 ; 5 0 --- -- -- 2 2. 7 5 - ----- 2.14 2090 - - - - - - - ~ 0 : 0 59 - -- G i140 0 --- - 75u; ---T-
7 1 0.50 1*.00 5750 28.25 2.46 2095 beq54 0 1400 750 F
5 1 4.03 1500 10790 36.u3 2.91 2693, p:054 0 1400 450 th
7- A 4;UD 1700 10700 46 09 3;4R 3694, 01959 De1300 450.--
"I 1 6.00 1".00 10 '.* D 0 56.00 4.06 259J 9:070 0 1300 650, t.|? 1 6.00 1*.00 19730 66.up 4;63 2693 0,010 0 1300 850; *|

t o - - 1 -- 6.10 1:00 - '-10700 - 7 6 . 0 0 ------ s 21 - - --- a e 9 3, - - 0,giy- 0 i140 0 - -- - - - 05u; - -|.

11 1 a.co 1.00 45 'J00 103.sp 7.13 22i7y. 9:070 0 1450 2400,
i! 12 1 4.00 1*.00 15i00 148.3u 10;40 2217y. 9,07Y Oi1450 2300*. ;

- 11 1- Saa 1;0s iO;0u 496;0 tr 13;s5 --J i / 3 s . Dic70 0 1450 300u;- s|
14 1 8.09 1'.00 * 50706 246.0u 17;48 37733 9:010 041450 300u; g|
15 2 1.13 1.0G 50"i00 496.00 21.i1 37733 9:079 0 1J50 300u; rli -- 2 1.11 1;no' - 30*00 - J44.qu - - - - - 24.74 37733. p07u 0 1450 300u. g17 '' ASE 's.co 112b79 Os 0 1950 500u. ;i

If. .._ ..___ _.. __. _. _. . _ _--.

'

,s'P T10r: A ... QDTAll{ STMIt! CUrtPAflpLk Spit; Pr0PERTIES q......

. 10 'I8tAXIHUll t'UltF4R Of ITERATIONg
5.00 [!liAXIPtJfl L0rCR 111 PFRFFNT =

-- FACTOR rpR EPTECTIVE Strain;JR-71MF DortAlri- * 0755 i'l
$.

.. . . - . - . - . . . - . . -.. .- _.-

| L 4 Yi-R TYPF DEPTH M4K Sr.iEAR*rpp NAy. SHrAR VEL 5
'

1 1 3.433 23u.0000y 248;32839 }'2 -1 10 000- -- 23u.00DOD R46;42839 .,
3 1 36.667 2au,000pu g48;42839 'l
4 1 22.75D 115u.000pu >55'.50278 ,'
? 1-- 28,250 115u; 000 Cit ~ ~ P 5 5 ; 502 78 ~--- --- -~ - - - - ~ ' - " - ~ ~ ~ - i
6 1 36.00C ~92cu;000b0 1p71jt9911 1
7 1 46.00D .'f2co.0000U 2P71.19911 0 1-

6 ~1------ 56.000 1780u;00000 1721*.31805 t1
9 1 66.0D0 1380ti00000 1Y24;31805 I

11- 1 103.5[.D 184cyjo000u 7094"93216~~~-~~--- - - - -- -
-- |j10 1 76.000 13800.00000 1?24;31805

{

m. ].
,

12 1 148.500 1940u.0000u 2P94;93216
ji

13 1 196.000 154cu;0000u 2094;93216 -

14 1 246.Op0 1psco;00000 2R94j93215 !
15 ? 296.000 29cy.54n19 3478.72562 ;'

,
-.346.000-- 8 6 2 # . 6885 9 P 1934.575.'3316 3

.
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Table 4
'

.

r>PTilu 2 .. READ SDIC P80r.ILE......; -

5-
urg SOIL PRoilLE IM; O IDENTirlCATIDU CASE F Nl

4Utt0ER Cr LAyrins 9 DEffH TD DrbnDCK 471.00
NuttnER nr I IRIT SilaitCPt'.ED LAYER 3 UEFfH TD WA?FR LEVEL 13.33 u

>

,_

LAvrR TYPE FACTOD THICKNESS DEPTH FFr *. PR['ES. MODyLLS DAMPlNQ UNIT FEIGTti SHEAR VEL I
t' 0 D . D AIR. .. be s/sq ci- __ __ WN/cr5 Ir/cA _ _ ')*

. . _ . . .

1 1 0.54 1 00 6;67 3.33 0;30 1232. 0.050 0 1200 575*. j
2 1 0.54 1.00 6;67 10.00 1;20 1232 0.050 0 1200 575'
3 1 C.54 1 00 6!67 16.67 2*.79 1232. - 0 050 - 0 1200 575[

q
h

4 1 0.01 1 00 5.'50 22.75 2*.14 2094 0 050 0 1200 7'60;78i0

6 1 1.17 - 1. 0 0 ~ - ~ 10 '. 0 4 - - - 36.00 2.*91 2694 - - - - - 0 050 --- --- 0'.1200 - - 650, - - -- h'fN)
'*. 1 0.91 1.00 5;5$ 28.25 2*.46 2096 0 050 0 120ii

7 1 1.17 1.00 10iOO 46.00 3*.48 2693 0 050 0 1200 850, f.

a 1 1.17 1.00 10*.00 56.00 4;d6 2694 0 070 Di1200 850j
0 1; 1.17 '1 00 * ' 10.'00 66.00 4*.63 2694 0 070 - 0.1200 850, ('j

10 1 1.17 1*.00 10;05 76.00 5;21 2694. 0 070 0 1200 850 '

11 1 9.64 1.00 45?00 103.50 7;13 22179 0,070 Oi1450 2300;
~

12 1 ~ 9. 6 3 - '1' 0 0 - 15 !0 0 -- 14 8. 5 0 - ~10 40 22179. - ---- 0 0 7 0 -- - - D '.14 5 0 - - - - 2300* -]'
*

13 1 16.41 1 00 50705 196.00 13 45 37734. 0 070 0 1450 3000,
.

14 1 16.41 1 00 50 05 246.00 17 48 3773J. 0 070 0 1450 3000 '

1'. 2 5.13 1 00 100!00 J21.00 22*.92 37734 0 070 - -- 0;1450 3000; Lj
16 P 4.47 1.00 100.00 421.00 30*.18 37734 0 070 0 1450 3000
17 FASE S.00 11257s. p. 041150 5000 -

*

.

...... CPTI1H 4 ... OnTAirl STRAIU COMPATlHLE SOIL Pi;bPrHTIES .

H A X IttuH 8801:nEn Or ITERATIONS s 10 g
H A r t "UI' E Rf'CM I N PERCFrlT~--- -*-' - - ' '-* * T - 5. 0 0 ' - ~

~ ' - - - - - - - - -

F
-- --...----.--.7- - - - - -

I FACTM F8'N E FCCTIVE STRA.IN IN TIME DOMAIN f 0.65 I

,
.. __

|

LAYlR TYPE DEPTH NAX SOEAR MOD MAX SHr1R VEL .

g. .. g -- - - 3 333 _." 1232;80000- -- D75;15331 --- - - - - - - - - - - - - - - - - . . - .,

2 1 10.000 1234*80000 575;15331
_.. . . _.

.

3 1 16.667 1232.80000 575;f5331
.

4 1 22.750 209'>.2999* 749;42587 i
~

5 1 28.250 2093*29999 749*.82587 [
6 1 36.000 2694.29979 a50*11890 [-.

7 ---1--" -- 4 6.0 00 - - * 269J * 299 99 - 850 11890 -- - - - - - . - - . - - - - - . .
. . . . . - . . . _

8 1 56.000 2894*29999 850 11890
_ _. . . . _

_k

9 1 66.000 2694,299?y c50;f1890 |
.
*

11 1 193.500 22174*09950 2300*.01703
. ['10 1 76.000 2694.2997V 050;11890

'
l

[ 12 1 118.500 2217e 89990 2100101703
'

I 13 1 - --196.000- 3773J 79930 3000;d3500 --
__

34 1 246.000 3773J 79980 3000*.63500
15 2 321.000 3773J 26071 3000*d1355,

| 16 2 421.000 37734 28564 299?*97492 ..

q . _ _ _ . . _ _ _ . . .... ._ .. . . . . _. . _ . .. .. . _ _

,

!
_ . _ _ _ _ _ _ _ _ - _ _ _
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T:ble 5 -

.

...... DeT!9N 2 *.. READ SOIU PRQr.ILE .

_ __ NFW So3L PRDf!LE P30.* 0 10EtiT2r(C AT100 CISE O

NutHER cr LAYERS 9 DEP!H 10 DEURDCK 421.00
StJurinER of TIR T Sus!!ER4ED LAYER 3 UEP!H TO WATER LEVEC 13433 ,

LAYrR TYPE FACTOR THICK 1EES DEPTil EFF.*. PRESS. FUDut, 'S DAMP.ING UNIT WEIGTU SREAR WEL
P- Kim Fr nrg/pya py/SepM O D*. DAMP. FT. T

1 1 0'.79 1700 6'767 3 33 0*.40 1826s 0i050 071200 200**
2 1 0.79 1200 6 67 10 00 1;20 18244 06050 0{1200 200 !

~ 3 ~~ l'-- 0;79 1750 6767 16 67 1*t9 1820i ~0iO50 0 1200 = 200'
4 1 1.3i l'.00 5:5d 22 75 2.I4 3019 0 050 071200 - 900

8
5 1 1.31 1.'00 5750 28 25 2".36 3019 0 050 071200 900

~ ~~ 6 '-- "1 1.1F - 170 0 10705 a6;04 2 * 91-" 2693. 0i050 Dji200 e50f,

7 1 1.17 1.00 10 '.* Q d 46.00 3.48 2694. 04050 0 1200 850,
8 1 1.17 1700 10708 56.00 4:56 2693. 0 070 071200 850

t-
'9- 1' 1;17- 1700 10700 66;00 4*63 26?3. - Dio70 071200

e50|-10 1 3.17 1!00 10705 76.00 5!21 269J. 0 070 0i1200 350 |

11 1 9.64 1!00 15 05, 103.50 7;13 2217o. Dig 70 Di1450 2300*. !

~12 1 9764 1700 9 5~I05
148;50 10'.40 - 22179E 03070 021450 2300''31734. 0 070 071450 3000' i'

13*$a5
13 1 16.4I 1'.00 50 00 196,00

17 38 32733g ,,,070 0;1450
30 n o '- I14 1 16.4i l'.00 50700 246.00 +

" 15 ' ~ ~~ 2 513 170s 100705 321i00 22*92' -~- 317337 Dio70 0.*1450 3000
16 2 4.47 1'.00 105706 421.00 30$I8 3773J. Os070 0;1450 3000! |
17 PASE 5;oo 11257a. 9 071$50 5000*. !

. . . . ' . . OPT IQti . 4 ... QRTAIN STR4IN COMPATillCE SOIL PRhPERrlES ,

11Ax!ItuH Nul1DPR Cr ITERATIONS 8 10
HftARIHOM ERRC'l TR PERCEtir s--$ 70 u

5.55 I-FACTna r0R EEFECTISE STRAIN IN T!HE DOMAIN =

i-. . . _ _- . . . _ . _ . . . . . . _ . . _ _ _ _

LAYER TYPE DEPTH HAX SHEAR 110D MAX SHF1R VEL
1 1 57333 181Y!30000 690*8A9795
2 1 10.000 1819"30000 090.69795.

3 1 16.662 101Y"30003 69 A *. 39 795.

~ ~-- " 4 ~'1 22;l50- 3 01Y 899"9 ~ - 90 0 18877 -- - - - - - - - - - - - - -- - ---

5 1 25.250 301Y 89999 900 f8877
6 1 36.000 289J 29979 550 (1890

-

7 1 467000 259J'29979 850 (1890g
8 1 56.000 289J.2999? e50;i1890 ,

9 1 66.000 289J 299Y9 850 (1890 )~ -~

10 1 76;000' '289J 29997- a 5 0 1189 0 * --- - "---- - -- - - - - - - - - - - - - - - - - - - - -

11 1 103.500 22178 89990 2300 E1703 -

-- -
12 1 148.500 22178*e9790 2300*.51703

3773J*37F33,799n0-
3000;33g?n -13 1 1967000

79900 3000;0350014 1 246.000
15 2 J21.000 32F3J 26074 3000*01355

~'

--i6
-

2' ~421;0 00 ~ 37732,28504 --- 2999,.97482- ~-"^" "-- --- -
.

!

.
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:i Table 6
,|

.

; : !

t
y

se=Wie OPfl0N 2 ese SEAD S0iL' P80EILE *

,
., p

!| NED SDIL'8RDflLE'N07 0~ IDES!3rLCAT100 8AEE H
#

NUNDER of LAY %RS 7 00P!H TD BEDROCX 4AO.00
NUMDER oferiRST SUBRERGED LAYER 1 QEP2H TD WA9ER LEVEL Di

.

! LAYER TiPE FAcf08 THICHNG65 DEP19 Eff. PREES'. !!aDULUS DAMP.iNA
'! ._ H D D *. D AH f. F-P Pr- Ki&/5p pr-

'

UNif WEISTW S$ EAR VEL

k"L [i 1:rMCit
3

!i i 1 1.19 1500 1070d 5 00 0 39 2693. 0,050 071300 A 5 0 '.3
:i 2 1 1'.17 1000 15705 15.00 5 86 . 2693, 0,050 071306 850'# - - ---i 3 1 1;17 1?do 15"08 ~25.90 - 1 34 - -- ~- ~ 2 6 9 3 4 '0 070 071205-- - 850
'l 4 1 1.17 1;00 1 700 35.00 2 52 2693.- 0 070 0 1208 850'

,

ii 5 1 1.17 1?00 .10705 45 00 2 39 2693. 0,070 071308 850
- 6~1 9763 1760 45705 72!50 4 81 22179i= pio70 Oji450 2300 - "#

'I I ,

7 1 9.oi 13~60 05705 117 50 7 98 22179 0,070 c .1D 0 2300
8 1 16.41- 1.o0 50*05 165 00 11 23 33743 040l0 071450 3000'

'

9' 1 ~ 16;41~- 1!49 5Df05 315 00 i s s a ' - ~~~ -~ ~~ 31736 0 070 0?1450- - 3 0 0 s '' "--- -i i
10 2 5.45 1500 for05 290.00 20 30 37733, 0.070 0'1450 3000
11 2 4s68 1700 100f00 190.00 27 56 377336 0,070 Of1458 300s

8i

i - E2 DAse .Sica - 112prar 0; 07145s 500s!
.

eseWie OPT 10N ' =>4 QBTAIN STRAlH CDNPAflWLE SDik PROPERr!ES4

HAXlMUM NUMBER Cr ITERAf! ohs
'

* 10 '

~ HAXIH0H ERRO FIR PERCENT T 3100 t

FACf 0R FOR ECEECTIVE STRAIPI ,1N IlHE DOMAIN 9 5:45 ,

@ g

LAiER TYPE DEPIH HAK SYEAR HDD HA)( SHElR VEL t
' ~ { i 57000 2891 29999 850 (1890 $

2 1 15;000 2593 29999 050 (1890
' ~ 3 1 25 000 2893 29999 850 (1890

* |'
4~ i '35.000 2893 29999 850 (1890 -" - ~ ~ ~ --- - - -- - - - - - - -

!, 5 1 45;000 2891 29999 850 (1890:

li 6 1 72.150 22170 89990 2300 81703
i' 9 1 117;100 22179 89990 2300 81703 f4

8 1 165*000 37f33 79999 3000 83500
9 1 215;000 37333 79990 3000 53500

~

16 2 290;000'~~ 37F33 88062~ 3000 43854 - *' - -- - -- - - - - - - - -.,
11 2 390;000 3Z53% 36424 3000 6971A=-

G
:1 .

4

6

g e



c . a. . ~ . . - . _ - 7.. - - -

- |

Neso

( Sd L
.

.

i -

._

-g, - - .--:
-

_- [_.
7..

f -.. -- - . . . ; .-
..

'

- I

O -? " " $ +-_.;-37g y.pm . - . .p .. . .

Q
.

. _ - -; - .

n u, Gy =!| },
. _ . - _ . _ ._ _gpmn .;

1

:,
-

M}icC4 M=.n . y /f. 8
-- -- r v ,. M =* 3

t N :- . - . . . . . = . - . . . :- .- ,= .= = k.c= == = - 55:5-
1

- _ . .

h .J -

v=b' . 7.4,f,.a.] ; QD Q d e 'd.s].. g x. . - .
. :- g + :; ; _ =m

a
. . ,u

d k. Q $T ~
- 9; 14 "~ " T -@-MdM~ ~ ~

:

<m t,i > .

i J :=#: :u- ?-E~~EEi:Mi c .-

; .. d .i! DHt S.t .E .D, Q. - - -- .

: -

2
_

-

. : ==-.n -i : 'E~=_ - ' := ..

3 ; .- _. 7 -.
_ _ . _ =

d D .N > 1. P M 'C _ .

'

x ze . m. _ . ~ _ ~ ~. _-~ F -~ T_. E-

zu m=i
-

-

.

&; .Q ::' : :=mws . ... ====-
,+. , , aw . _=w_==m, u4 . m. .

| (:-:J ..

: ==:. - -- --- : r -- .: - +- ~ = - = =: : ,=. =M = === A
. :T''. c'~T.=''= =" . [ ~.- -[~ '' [~~:~~ _ TQ~K ''L=-% ==-Y;g 2-Z =^ ''^; - = _- ~ h]=9=b.; -=%^'-R

^

-

1 - . . .- - ---~=: .
1 ":. C ~~f ? ~: '"~ :~?-!1 ^5-' ~- ' &~~ ~ N? '_^ . ~~.? '~. . '.?.~? W=| A

' ~ -
h d ' ~ ~.

~'

. ?+. u:-|; . - -- - - - - -- - T: '- .:. .
.=25=- ' ~ : ' : =2= ==.=.=_E~ + --=-,_.-.=%

= =~E: - = =i= =.~-I. F: F=..=.'&h===:~~~_~~~~~=~~'.== ::=T-} - y-

~~i ,--;_' O]:. _ _ . _ .7 7~'.~~ ~;'
c - =

~=7"_.y
. '.= ~-

~- - q
.

'g~~- i = 2- : - ~ ~~.2,, Q~; 7. . ~J-] ;jj_ ; _ --. . - - - -
..

~ ' ~ ~ ' ~ .
.

k . b _Nh=I N
. bN2ENETNhkNM co e M t W- ===J~'-UN

- 5 -

x - . =:x =. =>.y= 2:== m7= = =: = == ;= : h3 -- =- =r= 1 y.

-.
M -_ '' M '~3- F if d =.~#~ W '' M ~| 5 i _-2 I l=-- E'_= 9:

i ~

- .
+-- n -: n : EM =::=- ;-~ - ~ ~-'~~ ~~~5d *=.=..--1=-. --- = - -. . : :.:: : m . - - -- : :.==_ ~--:.=.-~---. :.. .= =. = r-- . = = =

$ - U 5 Y =.1 - .

*

_=- == s 22= = 5:a=+ E:r=9 c-s" =- :w=24 = E E = == --- = =- -- c? He . . * : _4
-- D ~~._ n:- - ~ _ ~ - - ' - ~ $~~=Qiid:;.._"~___:==___=..__:____=___-..__._-...__._._.__:--.__:._:.g=_...-_.-

~

~~:-::r _ ~.~_ .2 r: 2 rW2,W F-F N' C 2-,

- C
_

-'
_ . . -_ ,

.

. T-& I ,q - - - - - - -

_ . - -p
.~~~.".~1.

- . - . : . g aa .- _

~~

g' g

p
T. ~:~_ OY:Vf ._. -. 7 '

.~,-]1.-- ~ --. ) ~ . ,g.~~~if].:]-} .- ~~~~ .---I ~ ~.
-'-

~

7.~.~: :~ T. : ~~ -' -;

JIU -] . "f _ '1- - _ , .

,

, .3 .j : 1. --i M . - - . .n =$.h cx__ _E | ._ j::
w_ 4, :Q ? - . =.p= :==.. m...---- w wt.~ xrg -- --- m .= | _ _ . =-. n.

%, =$ '^@$_ t- - ?_5 s (-
:--.-.-

'.;-[ -. = .: =| U W .,- :. =
-- 1-- =: , - =- --- y=-Q W ? ~[,~ - R-- ' = ;- 51 ~~~.~h O&m ---- N

' ;- =-- .h
=.:=.= f . :- p--- } { f_- . - } ._--gf:f(__ {- -- g ~~.yy p p _l=. Q-- ] y7

g ::-,^1 == .=. -_a: == -

..= . _: . = : - -- v n v:
,_

. . ._=:. d ; = ::.= = =. =: -. . ^..: ^: .. L_ = ~:, _: .h =Q _=.T;' . :.5 ::.: - _ = = = = _ . . . . _ .b q
. :. *-

- = :== 5 :_.
. - .= = = . _:=_-=-----::._=

. - +

'< . ,f.j:
. 4. . ==f.~ ^ *: ..

-1 . . 3b[ - == -+ ~ h f n :& [ f- - =.= -i = '.2Qj~Q g
:s . =.. . . :: - . c- tu w . n = : --- .-y ==-. --. - ,== ~= = _===2 w _ = 5 -

=- -a
| - = , . Zih 1. ~ =: = ' I-E = .-f R2*: } ~| '=.'MQ~ ,.: - Q .' :'^ g - f - 3 __ } _; }- _ ~ =-_=- . . . _ .*

- .- .- = _c- -
..

O . :-.
~ ^

~ ~ ~, e
9"*

A i ~. :T=-
'

. +^ '''~2b_e ~:5$5
,._ -

' :. 4. E ==2^Gq4:_R'$ ? = =~.~5.V
_;

M ]: * .= < =T=
. - - - - ' = *a m^

-:== , -
\

.

. . . =; n.:-Q } }
. : Tg = +.= m = = - - -_ : m .:-

r.; - 3 --- . f.!C
- .. . . . . _ z. - - ---- 7 - -. _. - --- p;--f_ c - y@. X y.

- - -

3 =5 5 ___ _ __ _
--

--

- Q - -- -- . =z.: _ _.- u
=1 .=: .2. : = : : .-Q . :5- - -: . . _ . . _ g.; = . _ - -.

-

-~

} 3 ~.- k" ~~~ . . " ^ - ~ ^~T " _: ;_ . . - 21";. m n 4_._ .. _ _ _ -. V b $ C $__ : _ _ z ~ _ _ . --. _ . . _ .,

"-
2 : -

r y;.C : ~~ - : -- : n:
_g .-_I . _ . _

. - - _ _ . .
._.R.y a g _< ._ R g-- . . ._q -

._ c .. H . =_. 9d4 . _ _ _ .v) q .
.

. .-;= _. _g.q | _ _ _ .=: _a- w 3 =
.+. _ g.. _ _3 . q _g %g.i , z. .__- ..=3 - - - : ;; ;;- - ;

-

. . _ _

.! 4 - - .. . r :.,_ _. .
-

-

,. 4 y. .
. .

-_

:::1:-. -

6- ~: -- . . . _ - g 3 . _. M Q_: ... , ; i -z g_ - - 1. L ,. : .E =- - -- = . .;

=- ).:}:.__.- _ : ._:. . . . . -_..
. 25hg --A A .: Q m

s = _w=:-._.~==_= ~- .. - - - -
7

' ~ ' ~~ 1 ~ W = t! E( . _ _
_ _ ;_ .,,, g K .p

_ y ..g ,b '"> %g. _ _
:. .

.>
- .. .

%,, . ~_ : u _g..._:.___..._.= ::. _g p g- . .- _________=_---._--p.___:_y_ _

~ _ .i- : . .;-5_. ._ f .=' = z .;
}d

- - - - . - - - .[.~: . - | :-
.....

-
. .

_

. - - . . . - _ . - - - _. . := . _:-. . a
_: -.

j.
.- - . . - - . . . . _ _ . _ _ . . . _.

_ .. i _ . . . . _ . M _.. E _I._ I
a m' . (( .. c=
'( ~l l i 1 ' =

I }
| -o Q 8 %.

% f) @
- ' o. W .

% % ,.,1 e (,3 m
C.b ~..b

f

k. -Nhk k b D.
.J ( .t

4.h (f < $ qb. :. g.
$ 02 4 g -_.$?

+i@. -I' 4-d.M - h} d 'T, #~'"~ 3 'I N,,

-

p- ..a- e -. - p.g,3ng
. . .

,

3
-

| $ +t .M .i .$ k $ Q. 9:

a
.

.



.__.____________..______.___._.____,.m.,_ _ _ _ _ _ .

, , , ,
_ _ _ _ _ _ _ . . , ,,

. ..

. . . _ _ . . _ . _ . . . , _ . . _ . . . . . ..-.~....a... ...,_.a......x.._. ,

.

-

.,
-

.

.

-
1

-
.

,

:.::

6.-
.,,

NORMAu?ED SHEAR MODULLIS VS STR4\N
t-

y
-

||,' -

l

4'

l.00
~

i.

; l.
! I
!

I

0 18-
'

i

s'
y.

.

b--

ROCK

Ia'0 P cuy SAND .

,

1

et
| w

a
i.! * g4 - ,.

0
E

. *

I

#

I
! |

1- 0,10
3..

;-
:

i;

,

._

lo @ W: STRAirt IN PEstCEtQ |0
1:

]| Figure 2. Normalized Shear Modulus Vs Shear Strain,

ie ;!!
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _



,. :
L h j'i.i ' ) h. b ![ hf

.

' r + ,y f (i 3 . t
! ,I

,.

_
.

_
,

,- .

*

. , o
_

.

I-

.

_

4
..s

.

.
_

.w.

.
.

, _
.

. ._
.
.

Y.

A.

m. '
c '

''
..

.

.

.

.

M.
. c

o
._
. R

;

.

.

t
. a. t.

g oe.:_ nu '
. . - iR a

T s r
tS ST

H rE a
L e.
t hS E SP.

. V sn V.

i

g
nG m i

. .

A p. t R
- a

mt Tt S Dp
'. 1 d

. < M e
. ,U zI

A i.
l.

a
. D m.... r

o..

N
. a.
.

_

_
.

_..

3 _

. _
_

e _.

r
. u
. g
.a i_ F

,

-

. _ 3

. .. ~0
1

-

. -
_

_ _
_
_

.

U 7y
_

_
_
_. . %
_

. _

_
._ 4 -

. _. t.. c. .
_

.
.

_ i. -

f. '
_ o 0-

J 2
g

oj
t

g !
-

,* .!1 ;i 3 ' ,!' ' ' : 4 ' ! ;,Ii

j\ !j i!i ijI! 1' . ' j |j1< . !,I ;;



-
. . . :. ...-..:._.~-.* . _ ~ ,

I

. .. . . . . . .

. !
'

|-.

.

! *

o'

. t, .o -

,

e [
l

Saginaw Outcrop ,

El Centro Record
o |

*o 1j
i in

I a
' i
i r'

o i I

| |o
(Reference 3)

, E SOIL PROFIIE : CASE A --

1 Z | i t
O VARIATION : 1 (Reference 6) f;

.| g - |t - EAR 111 QUAKE : EL CENITO .

-

I
_ _

Q
,

m

l I.Eo :
''

;, L)O
,;- I t, -<

,,
[.h_ i

g ..

a. I
. EJ |

c-

I,

Io [- I.i go
;' - musup [-

"
!
5-.

\ i,

g 634 ft i:
. j

/ 4

\ \
/ -

% /4

\.,. !' v

*.

%.00 2'.00 11 '. 0 0 6'.00 ~ '. 00 l'O.00 l'2.00 1k.00 1'6.00 l'8.00 20.008; :

.| FREQUENCY IN CYCLES /SEC

.
-

t

Figure 4. Effect of Changing Modulus Factors, Case A
-

. _ _ _ _ _ _ _ _ _ - _ _ _ _ _



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

. . _ . _ . . . . . . . . _ -. _ _ __.. _, . . . . - . ...m._.... . _ _ . ..
,

__.

.

.

I *

,-i, ,

v

! i
|i

h|

O
I O ..

. . . k

os {
'~ bI ' 3 '#''

J j. , )
_

\' E18 5% DAMPING j
.. ,, rLa .

vc,., ;
'ca. ten.u. a n ou w -

.

-st " . , L-

'/ . Cd.G "
i d mo ,

3T f
-

.. ;e on " -

t.
w e

g ca; .4; . , . . . . . . p1 n
<

: (_.s.. .y 1 w w t10 , lm

y|'e (, . ,

: {\. - .,3 2 m -

c .
3

t

,g
e$ ,f . ,

, '
'

Site SpecIlic Response Spectra r.

yy .

t'
-oo o 6

,

' ;

h Y \ .t.

| I ' ^}=m ./ . x

-\.c *

.-..
-

, ,. .. '*.. i
- .jyg g \y/ ;\ . .

, ./ ... . . . . .-

- - !-

N(:\ /
..

g , .. s'\ r.y^/uo's*,
. - ~-j p "g,

to ' . - , 1 ~s 1>-

: -e |-s.,- 7.,

\ '
r' "' > - - #I - -- 5

, ,
'

md' \ !f' ?*- y
h f ' &''* )- . | W |".3

- -

,

-

~
.

' - ! 'y O ' * '
,, r,,0 -

-y

i O ._ j
,

e-* Q;.
'

t~ Average Ratio of Respan.se S;;actra !

h based on all cases A, B, C, and D - .

,

I

|
(Figures B-14, B-IS, B-16, and B-17

$ respectively, Appendix B)
r

I: 00 2'.00 4'.00 6'.00 0'.00 10.00 l'2.00 Ik.00 l'6.00 l'D.00 20.00 !:* ',

File 00ENCY IN CYCLES /SECp

Ii Figure 5. Ratio of response spectra for the soil at and near the Olesel Generator
Building area (Figure B-25, Appendix B) and site specific response spectra.

:i

t I
*

i'
_ _ _ _ _ _ _ . __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



. -- .=w.,_=. . a . =, .-_, - = -..a as. .. - - ,__ =_ -.

1
. .

..
_

i

,

i

:

.!
y
.;

I

:

lac, W '
..

.

.t

:! 5% 3AMET,0 '

>

1:

-: .

il 0e .a
'

( I:

: 2
lo! - '

o,

p ~
/ g TP OF FILL.

/u / g%-

oftI6.61D340
3

i; u)l
7

!3 i
: 0 /f - ~ -

: o
ii O

h,

|j i )tAFT -

L :
*A

o,o g o.t Lo 80 1,

h PERIOD SEC.3
;

|

i p'6,1 841H PE8cEgin.E SPECTRA FRon
i REfERE9CES d. Nib 5:
4

, _ , _ , _ , _ . . - - _ . - -- --~'~~ ' ' '~~~~

. - - - . - - - - - - - - wwy.- g--w.www. ywqy www , -W=W-



=__ . . - . . . . . . ~ - - . . . - . . , . . . . . . . . . . - . . . . . - . . .. . . . - - . .-.-.(-

o ,m . . . . . . . . e m.- .

,

.

.

i .';
,

> *2'

.

} . frontn A , b.f. Cu maQ SAr~/WAV.! ooTcLaf'
:.a or , E ft3/ h

.

t g

kI' -- - - - - 0'ft:. . s . I:> 1.L Q:tmt O5/m,p .5AcstNAN 00rc.c ,t *ii ,s sno n 3,
,t

5 'TILL OLJig.Df' Y|1 *g | ~ * ~ /QO FIL E F L L cL*.> rtz q$'* N;

~~

So oF. 5/IBJ-

i

)I i -| - }? Con te. H Et. CGNTeo 77th ourc20Pe
I [

. :o .-

3 ~ ~ ft?OftLE .G EL CEh>T20 Tt t.L. O a T r.gt O f ; R2 '\ '

O t
'

1 -.. Ptt>fu5 ,% E L C 6 112 0 SAGIMAW OultnoP i.'

.- * 8 !,;. ,

O U g ! -

''
IM O

A % i
w C. |

-g i 'i
*
3O O \

8 |u \
3 _ i \ M | E.g 8

a l N I I |
l

'
i !

f

E f l % i !

3 '
)) '-

g l;
." '

i p.

w s
l +. t2 i [e-

,

3 l! (
'

I <

'
i [u s k

g *
,

b '

{ -

-

l..-4 .
'

h,_, Y4 ig p .- .. .......
'

('
N r4~ %

',a-.

,. , . y - Q ~ .

( s ^ w _. N ,

'%, ,j - e.

!
,

c) L -. __t L.. -.lTn 1 -~
- IO f

' --

o ? 4- G 8
;,

I VeeQoer.1cs , C.P S ! ;
' t'.

: : !
'

,

- .
,

Figure 7. Comparison of Amplification Curves Obtained
Using the El Centro Record

- _ - - ._- _ _ _ _ _ _ _ _ _ _ _ _ _ _ .



4. - _ m?*- -t C=. h*:swer&. . . eaarvt.he i ws ars.u u .,4- .n il.L.N r- was.two.we ..ww __ -_ -

; . sw_ Ana &cw*w Omeg-
- -

. .

ps E.L CENTRO S%mW*
4

.

e ' I
'

{, ---

4

I
-

1 y yH'
-

- 5 % T)^-ee.o Sns = _ \ce * be. , NMM, ,'l
_

* . i!! !. # 'N f~IbTF'UF- .! I t-i 2 Ti 15* .'4 :D''.P'' "'' P''T" . * ' ' FM '''d + N II :'LG-'+O 'lI 'N41N* '

.M' .*.--E' ! E-'1-M jfdTS8 ' U l1 3t S *I EU: I--7'::-iW min $-W. ipr ]~yr 4 'i~iI-(, t '. i6aj "!! n'4 d. 0 1.'II"?t'% q''' -spi & t. t ,,

* M'is i h E-MN .EE7f ~p W'-i-- ''.iiI; ^h M '[$f~ N''' D Ditl?.+ _ i- ? 4 .@ t i .# p .) -.t@ '.q {i:}# iip,i. m-E t@ pi
8[1 :'b NNS55-E NN ~NN ~-bI$.5s. 5NIN,.2 7 .d.i :! i -6*-y: 9 . E. i$%ui n - i:M-ifik iM@'. T r

NN5 M NNk:5- 9db Y *~b@ NN INN-- 'NN NbbIl N. 3ib 7

'Q :ia M MA w w.s- -H t : .

t - I g-;'n1M,,13 hi;n g ' @N4.iSp.HtWJA' 'a L ' 4*

U *-.* i ' iI

I--Wr=W'N:
o 6- 4 iII* ' 'S E OIi-U. uff M 1:'t. '+-' ' F P.~ Id - U t''. .L ~'h' '-^ i: F -'I" i '1 - I'i

-E- r- il Wi - I M* i 1LQ M.i!D 'A '"i ,. . Mm5 .T-i t - 4 hih J i84M@QN@
t= r

'H'
Mi WWNiir:'..

i= E %' epm.T:' M iI iCfWE"4~"iilMI' "= h* fMi': ''5E-W3

' { f.J .p: "'::~.4.. u i.'W:*.'
.= ? : ,;.- ~~C'';'"-

.- [ -.h .'.;~g'' ~n?: I

"'C':
..:L. . : f it4;- ::; 3.1.

.h+ -I. * ::--- .1.. i.A- L &:. -.

":N:':
'

n.. . . . . .

~I'--i---* *:7 ~:U:"' -~ :;T: Fr *: 1-** :

. .- mt. .-
-"g-- =:.:I,' .u.-:" : ." !.:* a * 14::". .1. -

,

2 * = mt n.=t= - -c --
:.:a .b. .: ,T./ :.a1 _. . . .: : : : .p: n:;nt d=J:" **' ' 7/K1p: n2e .r

-- m; m-

2.a= h r.in
" :gu :t- .:' n- -

" m:.: un==;==.
'. . 1,: . . . m. I.=: .=: _.._s. -- -

. 2::::: .=
: : .; : :

. 2. 4 . i ..p -
. - <. -,- _

. , . .
. -

, . a ..&.r. . . -**t",[*'.**. . 1, +e."." + . " * * * . ='*t****~.'*~ -'*4~*-.'%.m 4~4 . ** ** ** * '

..._ . . . .. ..a.. .. w. . .. .p_ ..
1 ,

. -

.L .e. ..~ .i. . ..- . . .
e

. , . . t. . .,
. . _

L. ." .
" " . "!"

* "" 'M -

. '4*".'''.*.'
,- *'p

.t 9, * ". .t.t_a" _"*.** "*'* * * **i*-, '. .
,

* - *. a
. a.

g.
.. . . . , ,.s.__._., . . ~

- 4*- * -- --

H... . ._

.: 4 . ..
.y.g a. ...

.f.
.. ..,. . . .

._.=.. . . _. 4,. ... ..

6.s.W.r -
'

.La4 te.L.*..a ).*\ . - t . : 1. . +: '' - . - +.... . r i

. r- . - - . ,n, , .. o: . .. o r+t % .m m, m m ..t mr . . . . .-
% -

. s 4 - .o m. .mm e mm m. ..,w we4 .- ---. m .... .%:

u.. om y #.- . 4 e , m. # 5.,:r , 2 ew m. % m.v .m . m.#
.

."T.'.-
'

I+'" .s.bC I' f | 8 .LaiI h 3,$@M$M@ -i-Mij N. '* hu.% ,,& ' QM-ydD E FT [ 3 I' I 5d ^ a

Q: ?: ,t ; rip $: @g$$MQ . rF udiM$Q: f.Q: ::1d~'_iku; g . 4 ".i: c:
.

;;. y: ; ,

*
- .. -

..- t , . - 4. - . t.. . y";qNt"f3.+- .: .wi i u. i;;9 r y .c;m wg.. ym -:

' I. m- ! t"! h''3' m'M#'*' I
.

.,~~T T'k.-Thf./TP"'d . j
. ...

1 '' "" , . 3 %[tei,M# t'h C a

'
1' .

p"s' h :&~&-,e .w m
.i 2. ;i! Hfn

W h .5% ' . i&-4 e ky:-

.b@R} i g .-~uL
*

: ,.

4.n. ; j$ p 7:g. t itf 1 : . f.: -M E 7 42 .t + =F :-! _I:- : %.1-kp=[.gg.=iy N M =i

0 ' . u ; ,! r 3 y ..n_:m A.w

_

* - ..
a..

. r
. 2..- .. . ,/{ 1:. . . m4TY..t:.: m:.::td.r451==.x ._

'
. . .. _.L. : .t m : -.t.2.: . _. :. f,.-
. :.:: :.. - a

.-e. .np . , . , . .* - . :.=-. .2_ ..; :

._!.- = ::. =.- c e r, e- .- .2 .: ...__j
g 1 '. g"gp ;=isg,-r :s=gimpt.m,ggggc1n:M=.g=!=!=eas n-

- -

_
. _ . _. ..

. . . . . . r . _.7 . s. _ 1 .... . . . . , _ . . , . .

... . . . . . . . .

. . n._.~.f
. . . . . ... _ . .

. . i _. .i .
. . n..i .r...... . . .::r

. . . . , . . _ _

u. . . .
.

... .. . .. .._.:
. . .

. . . . + . . . . . . . . . . . . .. . .
....._ _. . . . , .. i . I.._....t.,. .. .r .

_

. , .. . ..._,_-_., ........ . .. 4. . . . -. ..

.e . . ./,
.

.. .p
,_ . ,6 ... - --

. . . .
-.. .

.

..-. . . .. ,.
.

5s;_ .4m ~.. , - . . . . . . .
.

_.
. ..

,. .

.

. . ....._. 1._
.. .... . . . . . . . . . . . . . . .
. . . . . . _ . ._ .

. . . . _ .
s.. .

..,..C. /. -
....L-... ....

.

: . ..a.
., . ._ .. . . ..

Q .:.As. ..,..,,,+. p.k..e xg .

. . f ,.r . p,i ,'e w
. . . i .u. . ...- 4. ,.a .t.- .a .,.i..,

. . . _.-. ..

aa _t. '
_

- . . _ . .. +49 u-_ i. .w7 g , c
uj i, .. m .. * m & , a im m o c o s t. - < .um ; e .

. m... .! -. . - . 2

WI".L.' ..M @ y. i. . , , 4p- / ; y (-l i Elf # 44 . W.* F.@ .
5 J NiLiE f-?h i'p A # JJ"

| ; ;}i.
.

' ' '

: F s - skMp. d.f N'' Fj /j ih [QI{ j;@ jh @$.CM 0 :j5 ' ^ -'~ rii!jj % i :.=4 n3-r -.i s.~J i ti c
-

-~*t .j'a
,

|3 c 7

!'ii .w Ti k ' E. - C - W -i W 1tn nE s+11+kt t-% " H=~ s+5i-if MW). Ori$ : 0 4=
. .

M !D .iMi !M 44f:fsa e E~1 ri'?-4 :s i=ri Thi?-5 FMJif-E| i ! : N Mi P! W:#"% d: O =

I lMf M M %fNWM;j+@d%;r %T SO .' MM+M M.M Q%
'

,
. . _ - . .-

.
. ...

; . h._g _.. .

y-
. . ... m- 3 .mm-t .- m W u fU- =t ww-@.--*. N, -

g..t: g. yw
. g'" d,''m.p. -

g:.h : r.| ; H i% N 5- :re-
. #

t- . ' " 4 FF.N 1,-*e iyp h9 r
5'- MZ n .qgg .z. x. .pgg y m33:j r-

,- y .- :1 g-t 3. -y:nn::t n:,.g:: .mh L:. .y : t.,. I'
.

:i 4: .t :i ya ::.:

M:.u.
-_p. nu .a=- :x 2. . -. _ :

== u.s.:t . r -

:.:..: j'dr ::..=,- :-a1 R$.. . -
a.

t n:: =t- -- .n m .. ,. : . ::rr. :rg: 3,5-. . .r'Y..Q.f. M. .f..NM.i. . . . .
i.ji.b- ---- . :..'~y .N.. -Q. . ." . .- 3:= *:

_. . .

- - * . . ..;p. .. -E-p. ."~;K_ . E..._M'C4.LQ- ~"~~h< 4g ,
. ._ .. _._.

:: ::::: :::iP .: :- :.*: :: n..u..;. .n_L.: . -."_3 --- in- :i:v::::c+t ::.::t- * . . .:. ::.. .: r. m. . ..:r.:..n, #. .
- -

-

. : .:.

t
. .L . ..,. . .. r,... t...... ..

- ... . . . .
. .. _ - _ ,...... _

. . . . . .. ..

. . 7.... .. . _ __.
- -

.- . . .
--,: .

,

._ ._

g .,e,. u...m.-..r,.
. ..

.

., _.

. gr.2i_,. . . . = n ,
.-_ .

.. . .. . . . , . _L.... . . .
-

. , , . 1 ._%-+ r.+..
+ . . . . _.;, .4 ... .

. . , .- --, .g. $,,.....t..g.>i . , , , , ....t.q |.1
. . . .

i

.

._.+ .,.
.

..-.~n s+r
{ .,.,.

- . ..t .w..- __
,

10 .....I&. . .

1 01 . , . 0,1 -
. . . . . . .. . . .

hRi o D SE.co4 DS
'

3

' 1,

t

, 1 . .

; Figure 8. Shock Spectra for Top of the Site Profile, Fill Vs No Fill
and for Variations in Site Profile

i

! bRMT
.

.. .._ ,
_.

- ,-. m - . , , . . _



: ==. ;.= =asmm . n.~,.- - -~ au~ .. ~ ~ - .- - -

!

$Y%oL 'RontG hCCEGROG4A.M Onc.co e- * * -

,. ,

, p- 1_L C.ENTR O TLC
t
; q____

H y y---

I

-|

to n 0 Y ED SW"* \* C* a-'-'

" 1. E f I. I !. 'itTMi.:J . 9IE T - f- .J E 4 I* 'iM" ? .I5!!N1 W *1 -~+5 I1M '4 dM "?l.5:*: ~ d'6' "I EOLE'

E'
.

f i-E . 'Id idW 6-*24i W h'"--EPM * i tiPt.%;i-T=" tWW a". MTi-H J113 i 'F M .t M Jt''-'+ E s.='' n
,

.C----MINI @ ri itME M- Nt- M'5'sd,: ef 7-ID i1. : YE 5 ia ,.Wl i .."pA!/S*-@'

i tM
'

t j 4.! .p jlii"i.!3 .i-@ ri : t=i t t - -:; s

', W *-k
~ tY$hb Y $Yhh kW5 b'h!Y h?; Y?-h *h,0! : h **W*khY! $ h h

lh$* U. -

h g$ li MN-l }!-. -..'t
'* * . ". . - - -- - .

9i i*.d.-h M !. . 3:4I Il g d T-fMM5 %W. - IF. i f 4I''lah 'T 9 N'~. Ti'~Wi '*I fTF~' f-' p % '.i.u.W r7 PFI$' g- + .c 1 -f Li 1 WNM'FtF-air.2 I s' F~:. Er4 F *_T' N4 !.i P RP-'-MN47 f 1i'

L .a -4.

I - rWW W' -di-NtW15- --* @ l-h '- 1+1 NHi Udd.t=C.WB=sIL $id . dninM. / _

E P =:a

N mHM@M. '9 - !.* 3MWI4 M EWSFl'IENW ''MM:MM.PW5* W!F ' =

.; 3, , sa r -' a.j;:,;. ..:. tr-T7 4 ;...[-.~' *:;7-
;

. ., .: . I. ~ . -~ . ' . . .. " .g. f* . ...+g c. .. L. 4. a 4.,,4. .L;;.b . : .r"- ".;;;,,;;'y.*u,,. ;;.~':- C--......a. ' 71 - * E: r;;2 -- , , , _ .-y__.. . . .o . n ., ; ,; ,;g;; ;;,,;&-g. . . - . _;.n . . . _.

* ** : k;h[, . - d-. r4,: d-;.L;;; l 7 MI '.:*Q:;;.p**.5 y~ ~

* * * * - '.-*.;. .TT *'1 ;. T.* *.1
"- J-'-

!*b:.4*,*: ".
* ;.; T;* &----1-.-+- g ;;; ;

IQ.!*,. **: . '.it** . .... 171: :;1:7"** ..!** ** *1* .. ,
**

*.

. -- ' ''M. ,. d.1.t..: -e--... 7-- C*.!4** "-"*"",~;:21:* _."*.3.: -
..*.**.*~*:*d..

-

- " . " . .1,1 : . ... ...a.. . . . , . -L4..
* * *'

. . ..M.c . * E*. - . * * . .
-

6-* ++
, . 4 4.4 .e..I.., . .- __ . . ,.. . ue. .e..--*.- -+4--==--k + ;

. . , d. . . .

--..,.g. ;
' - -e..

m.e
.. r,

m.
... ?M* * " * * !**' '**.

"-

. .! ~ ;
-- ''*, a

f.t** -
. 24 , p. .... . . . .. . L., ,.;..... . ... i... . . ., x

p.:.g m ...W.fQ-- '.'.-,~._;*r**g.*.*.
- . a-y. * x ; . .. . - . ,

a'I
._ ...

. . p : .r - . . ,H,4.....j.:-_- .u _.- .

.
'*-- H ** 4--- '

-

. . . .
:6 *~ ' ~ ' ' *--

*n '
-- : + y-.. **.. 6-.

Ng :1,
G.L.f.Z . 4 . 3 e 6.. f.&v f+,, _ i g me : ! . t. . . ! L.s- ~J-nae M'.Z-H '' D z. ' 2 i ---M 2. ; -- 4 he5g' g :.f s i

aji ib 'tistfy"| Wh-Qj @il % W Mi~ M ti aji: - ". 3 . ., ~ ,jsle.adla.-k# e- ) i s. f:ei g af . Sin - "h ME te

si y n ist. it;- %,7 2 ti i -p 't4 g24i f --J', j :'@ [$MdjM'iti ' Q j-f id i iit- - . .f'.i :'E j U@rt Q7i'-
.

M.i M5 4-f=ti eMM45 1" @ '-W IeE-Wiit JWisikO ~ r i-i i 2 Tit M !-. M' : 5 :pd.!:4 " '-
,

5f 5"i h( * 5" h~ '

.5' 7f.,h h~. * . . . } .* ! ,k kf f yfh fj.
-

, fh3i!! .'.'33'.'"..
.*i . ,. [h

. ~ wb i.t. h.. **N>*., !"J ''- - -w+'
.

5gT. ?.Ti 1 ~ - . - -1Td. -%~: :
'.a:.1:~5-. '-

c .w. m4 ~,. ~
| 1.4. [. ,*.t'.+ t *v . =--T.. .-'? ' - .b. . m?;~ . n ..

^ : ;; - t. d I" - t.j rV+.-=.N;7-

, %
. v~

.
1.y-.-s r sa .: -, * |0..g.. .:]. :*.ij- ' - h '. f a ! 6^ 8 fi iip h}} 2 .d_iti[.] P.i: .-1 g- i.6 1 p.;. M[7e- ; , e.J}

*

,. . . j $.tf.%4,;.:p 'fN ; , r- y 7, f;-a y
. 4. .t ...L.

f-|h. . b-211 ' h ; 5 h2TL h[ -
i .1:"-**f h". . f** h. '

. M !., ]b *.; '*E h .h N k ,"d ;.
' : Z'.:. : '..[^~ .;L8=. 4: . r:- :;.L, T Ta

.; ,C.,

. u.ha.:.d:. _*-"

1 ! *. . f ,: ' *l.*$ . . *I * t . ,.
A ... r- 4: .''-E.".

7 . :.i-s S 4 4.g i I ,11; . . .:....:... . " . . -

'..'.E'-
'~~

J..-r: .: : t- r-
. - - , .. . s .d. ; . . :*

-
.

m. .suf n: t. - ---: r---: 4_ .. .:.
/ *

...-_...._d.'....;
... .. .

. . . . ....'.'w.-.!. .! .E. 7 k .
. . _ . . . . ;;.

. ... ..l , _ ...h. k.*...._..f.* T"J 'J. ;.' : * *3. , . .d. b..,
. . . .

*

*. * .

. .d... 24..; . , |'.*;. | *".".. . . . . . . . . ' ' **p-''.-"."+*.. ';. . . ** *r
. . ..-

;, , , , , .

, ,",,'.w,
*

.

f. .
- . . . . .

.

a7 ,,,,,,;_ , , , , , , , , , , , , , , ,

,,,,l.,.,.
,,,, ,,,_,p,., , , , ,

, ,,
+.s... . . , . .

.,,,I, - i_

. . . .
. . ... -T

,,, .I .,. I . I.I. . , , . , , . , . , , , . , .. , ,
, , , ,

, , , ,. . . .
, ,

....I11.,,.I",.,,.,
- ...'..,.6,. ,....J . ' . .

I__ .w....* .... ..
4... . .

.

.. W ;6

-

. ., -

.-aI .. 6.
444..

' e. ..e.a
m..I :

. i.

. . . , -
. . . . . . i... -.. .4,. .

.

. .. .. . . . . .. ...
1

.
e ., . s. e.. y . .

,. : ..

O. * 44 .P., m.4 e ,* *t. l.9 . .,. !. . .
.i. . i.. . .

4-6 ,4 ..
. . n. . . . .

6

.ee+4., ;
.. .

..i.
.~

.. f*., , 47....t u.
. . ' ..,W

..

,

a.. - t- .
,

- - . . , - ., . . ". .e * * * =*

A L.,; ) a p, .. .4 . ._ . , . . . t.,...
.Li

. 9, .
. . . . . . . . . . ,. ,i

. *I~7
.

Q n> m ....

..+4 - - ' -
p ~ . 4.. . . . .o.. .

'. i * .e -9 .4 r@. A, .dm e.t <-- jt e AE .; :
' .-: a .c.y%9 )

-...

a . !! . t.l'n L i @./p'' T i i i , 1i iib di - f.r% u n' -. .. a +: 54 .+ r a ir 4A. n.i 4 - -
,--9 e

s ig;. qjppffi h t ?- i! Q.g. 4. g iafh'3r' .lF '@ ~] ,f .i R-i bs | Q g .-. pt is ~ '. ''gi:'' .g' ' .,8 f !' "t' -@L-.I a.i~ f% F
,

. 1 i 8 s t

i} . :iNQJ. $ l.J t Q . |Mji; M(.QdF:piF : 4,O j j pig yW.'-dz -~7i @- ij-.- ~fj'-f |r j!, ,.! i!* :.. i . ;.J.v
~

,

I ' ! i . W '.' ! '. ! Ed M d*J PNI.7ME'i* M lb HE h%L.MMNi:-i_M -I.-!~IN k:S .M* . ' ''fM ?- MM-1d2I
,

,:T 7/W@p)-...'y/.~ - ' j f. j '.g 's ::T :$1- ~ + ~ Q: 32;. ;;; r1 ..j- .-t ~s a .; :n . . . ., t a:; .n;p: rn;..:4.;. . ; "J.: i ;
4 '}}L(a6g 't . : g. q.. . :

.c}' :
.

: .. .. an; t tt: .a. :r .;.;;;;r. :. ,2 !. f " ;- ,:.;.~.: 2. i . . _ . .: . . r;1rrertW . . .: . . .: t :n .

c.
E

Sd-.M. . I_hf.M. .a. k !Nbh.92-JO, Ik ' N k.: Y,m- $ .;,.5 h, ,M. . .ti.M. .

j/
. * -

t.+_ J- 79 p ..,7 i m i k g ., _
..

w-. '
. 3.gE8

. q- wj.r rr.qr. , .

u : : a
j ,

j Ii h !* UH#i'rMdM $f !!k U*rfND**M5-~~~' E'l *J1I Nf: M V -N; 3StEi-!+-DM

-. 't. H..r 7i' 41'-W ?-d~ihRiMiiiy :Ni ! H. 94di #6- M5 %s. -L
'---'r

..
I, FM i4 f.N '. MOM 9#M

.

'

.3

g!'..E.i l.i.~' _ .'.I, .d.2--.L3.$.h3i[.S.. .N.S..E,h. 3
. 5. *, . , ! 7.'.* i..Ni.T. .,4.~5._,5;'.515_.31...,S_.ii...".b.I f.h h { ikI.f i.h.h.ik, *M.5.E. E.i5..

* * ~ ~ . * _ _ .

~ * .' U *:]. W. *.
# ~

':i.
. , . . .p . . . . .

't. {q*:. . .p.1 * [g

e.
,

; fG '! .~.*:U
,., , .,_

7.7 :'. ';M L :: $.' r---* "-t
- T47 *

. ' { *.1 .. , .
-

:.--( I:i'*i.*,3;;r:r .:::u h:
l*;$.';

. . 'J14
-0 :::

.r_4_ :m ;;-~.-.: 2 . - a_ ._ .4tit, :r m :.et:. -

._r u. . . r:_.,
, . . . . . . ..L. L .. > +.-., .I;,.. J,4. _I . _.,.

3. 4 .
g .. .[..

..., . . .
.6.

...._

.

6 ,.
.

1..... G.I
u . .1.

.. :. , .. .. .

,. .T .. ., .. . , -

e. . . r.. s6, ..
...**

.4. -

;-
.

#...
- . . -- . . .

.

- -

...g-.4. . . ..
., E . . . , .. . . . . . .._

.. ! ,9 .m .{6!&
.. .

.t..<
..

9
'

A. * e .
. .. 9 ..

~ ;
,

. g.rL 1..
.

.

,

,. .. . 4 *a . , . , + _.1

o ,1 3, e .
r' o. .. .,. .. . . .

. i.t 1 p. ....4.r
. g.. ,. . . - , . ,. .

._.,_ .,

e,..
,

.
.

, ,
.. . .. .#

.

. +-m - .d y ._ ....

c.. .p47 m : e.
, . m .

. -r 4.-e-..-.h..
- - C.y~.

.g.r . ,
- .m 1 , q r. q,

0.0l , . .() . I - . . , . 1,0 .... 104
. . . . . . . . . . .

1 HOOD.) SG. CON DS
~

;
i

.

.I l

t

Figure 9. S ck Spectra for Profiles F, C, and H Using the
j Centro Record as a Till Outcrop |
1

1

f

. _ . _



. . . . . . .. . _ . . . . _ _ _ _ - - . _ . . . . . . . . . . . . .. .. . . . . _u _.. _. . .S
- .

i -

i . .

.

.

.
.

.

k'
: i'

j |t 4 | .

! :
'

: ,

I ,

,

i i

, . . . _ . . ~ .
('

g
PROFILE F, Fogaria. Till Outcrop j, ,

, ,

, _ PROFILE G, Fogaria, Till Outcrop, -
:

ir

>!

PROFILE H Fogaria, Till Outcropi
i-e-C

2.b ~
ou

o e ! ! !
.* O s i

Ia a
V AVG FOR FILL -

d S sw
t -4X FILL THICKNESSm

F G0 1. 5 "
| | ie u

o = . '
<e o .

i

t
a

'm .,

f,

u R'
%_ l3 /, d W_=

"-.-7-- q ~ * ,

) N . . - .

g
N h"

' ,

N ia
,

I
o

%* N.G . 5

w
o
a Iu

I
0.5 -

d i

\c.
M )

.

'

() ._ .. .. _ _ .I . _. ____. . _1 l_ _ f I

, O z _ . .
4 6- 8 /O

! Frequency, CPS
.

. _ .

)i Figure 10. Amplification Factors Calculated Using Fogaria Record
,

u
.-

e



. -- ~ _ . = ~ . = . . _ .= -

.

f..-- 'Sm eat Rona Occ m RoG e m Oercee
'

F FOCA N TKL.

t

i

H Y f! -

4

y _ 5%L e %cnm , ice w bnue., Nbl 9
.R'i f 'l %'t 5'TW4_ 4L ibi . HE '? Mw F W ?T' ? EfP?iM 9d "'''. N "el" "I 4.W.:T.i,

01 l '. i ! 'J ! ..

W .'-'@ * E- .:.~.'T'8 -.*4 Eg.%+im 'rif.O&:. Mi .n i ilHM 9--e- R -itr.WP Wt rid - W* :r-i.4 3 y M +y .
i _

*It8hE' N5N NNN'NMI-i8 i If $ eH NN5 N t@54?:~-- M N'ri Li.$ MIN N I.5'i55$~III@F'-55 4'i"? IS-i" "

.d;titMn %~Mj.!fs.t= MPs:=pa; 1 2 Lif h?:J' M rMi2 3.n+Eg:= --a.==.' cry.L: . .gu M5sqsf+ :t

d'
~

@lE!S$ -NNNN E:$NNUO N~i - b IME5=WSN#d5SC-
*

_
IIN Uiir. : ..

i tai r4 huTr-E .:; m+: k s,kQ>k ,,-@ggi '3 ' . =RTNO-ii h :b W4 -iNi El *N.T WMN MiM l:U Ms.b N- Mj
--a . -sw - 3+ %.B'iP';sd4.--I* ##W' E.G ! ' MM l-; . i''.iFi:f f=ilis-rF . . . .

l
-"

' .
'

yM. '

.. -

"-A E5 M iF+1 bhi elR$J"f-E *.i T444 r> d EIWMi-M*
* Pi L & . ' s.W'iW L?. .

. # :'-
-

E 11NM~N. $$5 ~55 YNN MSNO "EN 52E3:SNN E.Y D3-SbD-

iI

."1 I ...a-_ _ _ .

*
IT:

J!;.;;;-@eg..-. -
' -

._*.. ___ .': :u :rT:- ; : r.-y ..i. y:. : ~- 'E. ..
. i.;=

- t --- . . : - a :-
H a . 4 : &4 a :s t .

-

. ; .p-- t : . : . :;:;- r:e.: ;.-@:g;c.::L
- -

:

= r.: .e :: ..-nec :-- n -: ; m: :: .r:- . ::r:m a :.-r -74.
:. . . .

... --.- -

.J./ ;- ; t .. :..:.-=.:'t.: 4-~Ln r- -..t*O : . .
. .. 4".: 3II. .

. . . .

.

;it :[E. . . . . . .--

. .2 r_: ;.
_ , . , . . . .

. . " 1. . . . !: w .; ;:; ' =. . t ::. : r . : . :.:.n"' .:.;. _.. _ . . . .
-

1
. ..

*
'.: T".- .',. 7.!". .:Z. *!*"-L....- . + . - - --p

. _ . . .~ T **!T./.;.;.:*;;..":.L. :
~~ ~ ~ ' ' " 'U *d.:

.;'.I.t:*.;**:.::';;;$.L .t .Z. 'M., .
*

, i, 1,1 *.; ' . ; **. .
._.,6. ..4,. . .i.._ .-

. .... .-- . . - . . '.- ...
.. .

..
. 4.. .. .

, .... - .
6,,

........

. . , ,
.

,* .

. M. p.4 D
. s,

. .. - . , , . . ...n... "

4 . . . +r- L. - . . . * .4 ..
.|

.

'
. . - ~ . . . ... . . . . . +. .- i.

. { . 6. . . ..
. . . . ..

e... -.i-- m.a . .;*~ - .* .- .+.
. . . . .

p ,4 . .a. '. .

.. . . 4 ' . L .' -}-
. . - . . .-

A... ...... j:.. . ...a. c. .
..t: .. . . ...w .

. 444 v. .:.
.. . ...

, % ....), i...,.i .-- ..~ - ,

q-. 4 w. ., mL w . .L .e ,e .- .#u m -, .m; ._.m e , ,, .e,.+-n
. . t..+ , ,# z. _.-

".- E--tz + W4 y gfr 4 m i., -.w M s.MeiW:{ %-m:- g.* * W.4 g 1:& % . - . If. |t. s
.

. . , _r.

* .r -ty :Q Tii*. 6i. t f:? hi' 54 i-i --?j ' ;:f- . e ,. ' i a; i f -l@:* :(im f#. ij itij GF ' ht r .ftMJ3W @ ;y
t WO .t 112W '.E. cre.IF .+-Ji'.b4 "iii .4? Wi %"-@ iiW5:#=*3 d-4 n-Wn :h " a.3= id Ii =

,

i|::!i Qp7.:9.@!.y d M :={.}: ?i :Mi f.;(.%. .Q%-j';. # i"Q ?i E : digjgtd.;p::' Q:@gi-_i@..

' ki .b N b' ,~ j N .Ibb- J
# * -gi --R & p.i: :w. ., ;

.,r :F ..a W :e x zy . ~t nr ~w .-- ,.;----Q' c.;
-

n .' :
.:. w. g9.;

;=.
~ =. . + ,

e.y6 s..-
, :.H

,. ,_ ;. ;_T.+;},:. ..., %
.[-f .;.: .:_f.=d p ..; -

$q
i4.s %, s .r, ~

:u, ;-i. ;--* J p
i. :j : 3 , m:; yg.::7 .. g .: rp- :-- .- :.gr." - -: y. mu-y.:- : h - 3s|,m .

'.
m;e

O ;.d:.- :.6_ ;:: . ..* . :::: ..: . .; ::m. ... .: . ..: u--&::m : 2.:...-....-
::5 F.q't-T: .::.; 9.=. =- g: :::..n :p : *:1.::n..2:

m. . _ - u y.. 3E::6 .:n .:e q:..;,....;,....-2..-, ?....t:u.;jtt - r - . :.I,:---c . .4. .%h - *. ._; - :r-t-j .

;.3. ,: :
.: *t--nd p -- x- 2;.:;... ng:. r--- .r;;a..m_.,i:

l. l ..
..:g * ::n:p";i r :{' % :. :q.::: .:3..J:.-

-- .:.;. ; :: '.g.:1t: . .

: *:;:. - :r.1 : %; .:. : ,,MtL. ,)e ; =;: -*. ::= _._ 1-. : .:.*.p;h. . ,c;*p: _ :dt:.*:::: -1..i..w .
= .u . ..

.

% ..... ... . . .,; ..m.__.q . . _ ....f_...... ....
". ."T*

7 ... .. ~ . . . 6
-

- , _.

...6....
. . . . . . ..

_.. ..

. .. . . e4
. __

...'i...
.

... . ..

.- .
, ... i . . . .I'.*.l. .

..
r....r . .. 4 & . a .. , . . .. . I.' .8 ...y. _

. .. .

.i
... ... *. . . . . . .

i - -

,..
,+ ge .

, .s,. . . . . . . .., .ri ++. , .
. .

.
.

i. .p
.

o... tp . -> .. . . . J .,J,m. : .. _ , ._ . ],,.,....._..,..;.. ,q . -.
.q _.

,. . .. i a - .

;.. .

w , .i. .. p..

3

..

- t.. . . ,,. ;, f. . , ,,
,_.. , * . , , , . . . . ... ,

Q r...f.'
. .

9 p, 4,. ....p 4 ,4. . .g.7 . i.- .L,. g(,....p.L
. a., ....x ! .u.u. . . . . . ...,.
-

.. .

. 2..... - . . . - . . . .u.._

7 , )e yi 4 d...L..;p.p :aa.. .g . ..
e

oi L. i . - : 3 .e e. ,4g .e n. - u. w.a : .ii + ti . ., u .. te* . !! . .+! a.--2 ; t. t

.M
.

i . W t!-W - '@F4 @ "AWinpias . d: w- :m#- .
.i r+

' k ' pi
=Lt iQ ; ! ii <n! MW m% ,. k:.i i

:iv i f.;.Q. -e.g .iq -p.= : c,

-+ |r i! h! pr.. 44 q. m- f.iji . i.Iy; W Mpj.3.qg-2 Q rr
. ,

itM ifN "MWf@.::liENc-11 .Nfi--i iii Sv.2 :.M.@d4 " - " % 1:C/@*" 40'.NME
-

| f'!i .Ml' :r: .

,

!@#&d ;M. iiM JI i!!L MEi:d@itli :i Ei @ i:.5 - s!4=W ME##i ! t rt M MiE f.;'%i !

I ,MMt $4- %f4M%%M $ .L . T2 M #
_.

; s-H.-@.@s..- ;

,

E. @a.M MM..:-

i- . . - .: 1 ..o. a r. c - .w . - , . A ,

~

imArt..'- - - M tJJ - ...s b.4
.,- a :a - .= . i s - vg

r . -M p; .y.+,
.:=.p

.

i.y; .y@ 77.-4
:

:.6.. 41 : eb , p@,Qv j+.H 1,-- -
'- =;.

< j .t..a
aw

j 4 . f.i it; HQ j: Ar:b@ Q 4'? M.;t-[ {.' .h I. W.{hri +. ?F-MQi.gy. .iEg f.f - 4iE hip. _ . ..:+. :--jyQ:J id-;._~ :;.
,

3-
.

j
-- , --

..

".".;.:,; ..;_......_]_... , .:".:. ..*I..:... . _ ;..;* ....-"-._...1 _4. *. J.1. 3.t.h. . . .**i"i.f..:.*:_ . .0. .."'*".:'..*]:'1.: .0. .:.M. .*
. . . . . .

,.._/i.*. t.m. .. ':. *a_ .
. . .. .. _ ._. ,_

. T,y, *.
. . _ _

. .

. . ..t:g*CT.h.. .". _ . .1 .! :*.:
." -'_."

:g , .&8 ..ki . . ' . .

u .k.I.n.:.
g

a g ;_f,i.42; J .& 4 . . .. .. . , .6:I
-y 9 .

. g; .

. ..z. 4 .:=p-- --e,

t .p: . :p: n:dr :n ::= h:-:.p: .
_ __. ..yvdi .: p : =x

--E. . .. .d . .u ::; exm:a -< 1:
. i. . _ - - . i:r :: .;. . .-=a: -.- : -t-.r mt :une:2: t::=;.g ,

- 1. : : ; Im :t:d;:::: .:::::$~.. :.,::. . ..t. _.: : -f : =....;g:;. c::t..:. _;:m.::.:7. -+w:.
i.

- *
.

r;2 : ,-', rn. .

;.

.a_ I r . 7:n... , ,#
- -

.. .. .. ...
*t -* :

.. .. . . . . . . . . , . . . . .
. ._. ._ . ...i._... _ . . , _. .

.

. .w. . .h.
..., . , . . . . . . . .

.

..a . . .
-

. .

-----f

.: ..

r__.1... .
- , . , w . .. u -

. .. . .. @ ...% ,, ; ._ . .

_ r. ~. ..,
' * L+,+7+ . , . . .._ . ,_.,. . . d

.

;Yg | * t. .t*+
t 4+g, 4.t[., ' .. b t, ' [-

-

iM--hr , 4,4 *.t
-

-
. +$''

'i;' ' ' . T "

.4
~" * - -*+ * *

4

| ici ;&. .. , : . . -
; 9w-.a-

,

! o.ol . . , . .o. I - . ,..Lo ....l0a. . . . . . . . . . . .

j h oD.,Si.ckDS
f

1
_

Figure 11. Shock Spectra Calculated for the Surface of Three Different.
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| Figure 13. Shock Spectra for the Top of Profiles F, G, and H Calculated Using the
Parkfield-Tamblor Record as Input at an Outcrop of the Saginaw Formation
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HEMORf.NDUM FOR RECORD

SUBJECT: Review of the Selection of Foundation Spring Constants and Damping
Parameters Tor Une in Dynamic Analyssa of the Service Water Pump Structurer
and the Auxiliary Building

.

Introduction

1. Mesara. Joe Kane of NRC and Mr. Harry Singh of North Central Division.
CE, requested I review the following documents in Rovember and December 1981:

" Auxiliary Building telemic Model Revision 3. for Midland Plant Unitsa.
1 and 2," Coosumers Power Company, September 28, 1981.

b. " Service Water Pump Structure Saisnic Model, Revision 1, for Midland |
Plant Unita 1 and 2." Consumers Power Company, September 28, 1981.

" Testimony of Robert P. Kennedy before the A*omic Safety and Licensing '
- c.

Board in the Matter of Consumers Power Company (Midland Plant Unita 1 and 2)," '
Docket Numbers 50-329 ON, 50-330 DM, 50-329 OL, 50-330 DL.

;
2. The documents were furnished to me by Mr. Singh. All three of than conceral
dynamic soil-structure interaction analvses to determine (a) seismic forces on l
specifie structures and (h) seismic input to internal temponents in thesei

i
structures. I reviewed them during the early part of December. De 11 Decemberi

i

I participated in a telephone conference with Messrs. Mike Blume, Phil Steptoe.|
Robert Kennedy. Joe Kane, and Frank Rinaldi, which explored questions raised

iin my review that were not fully addressed in Documents a, b, and c. The purpo'
of that conversation was to begin the process of setting additional facts on tC(record. On 15 and 16 December I at. tended the Atomic Safety and Licensins

!Board (ASLS) hearing at Midland, Michigan.<,

The same questions 1 raised on
|11 December were asked of Mr. Kennedy when he was on the witnese stand and

his answers were made a matter of record.
3. The professional opinion 1 arrived at as a result of my review was given
to the ASLR in oral testimony and is recorded on pages 6121-6286 of the

3 trammeript of the hearings. This memorandus contains essentially the same'

information presented in my testimony.

Soil Properties

4. The state-of-the-art banis for selection of equivalent spring constants
and damping parameters is found in the solution for the vibration of a pinte
on homogenious isotropic linear elantic needia. These no3utions have been modif
to include the effect of foundation embedment. The specific theoretical
solutions and equations used by the applicent in Documents a and b (See Append

{ co
___ _ . _ - - - - - -

--
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WESGA 9 Herch 1982
SUBJECT! Review of the selection of Foundation Spring Constants and Damping
Parameters for Dee la Dynamic Analysis of the Servie Water pump structures
and the Auxiliary Building

A of. Reference a) are entirely acceptable for use in analyses carried out
for the purposes identified in paragraph 2. The matter requiring judgment
in the selection of elastic constants (the shear modulus (C) and poisson's,

! Antio (v) to be used in the analyals.
i
'

5. The method used by the applicant to* select alastie constants is discussed
on pages 8 and 9 of Document a, pages 2-3, 3-2, and 3-3 of Document a, pages 2-14
31 and 3-2 of Document b, and in Mr. Robert Kennedy's oral testitiony. "C" unadetermined by laboratory tests on "undist ebed" soil' samples from the site
and at shaar strain levels of 10-2 to 10' percent. A correction factor -

of 1.5 was applied to correct for sample disturbance. Additionally, empirical
formulae for shear modulus as a function of effective stress level and
ahear modulus data obtained by Denes and Moore at the La Salle site were also
used in arriving at the following parameterst

.. ~ . . , _ . . _ .

. .

Clacial tillt v = 0.42 C = 7746 kips /sq ft_
T c M il y = 0.40 C M 1tr249fkips/sq ft~

-

(depending on elevation).

6. While I do not prefer the applicant's method because of uncertainty in
the correction factor for semple disturbance, I agree with the applicant's
results. 1 obtained comparable answers as follows: Field shear wave velocitieC

'

have been measured in the plant 1111 had the underlying glacial till. In the
case of the till, soil at depths at least equal to the building exterior
dimensions are involved in its rigid body motion. Field shear wave velocities
(V of approximately 850 ft/sec for the first 60 ft below the foundation
anI)2300 ft/see for greater depths were measured at very ses11 strain levela.

$ 'C = p V, when, p a mass density = 4
*

A depth weighted average ahear modulus for the top 100 f t of till ist

(23 M x 135 2

g},q}1 , g33 ., gC =
100 1000 32.16

'avs \100s 32.16..k /
kipc.

This value of C is appropriate for the strain levels in the field shear
wave velocity test. These strain levels are much smaller than those in the
earthquake. Thus, a reduction is in order. The basis for the reduction
are the Seed-Idriss 1970 curves which indicate the following

Type of
Reductiog2$ train ReductioginCin C

Seil 9 10- 0 to 2 Strain
% 1

Clay 26 60
Sand 10 30

n.
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WE5GA
9 March 1982SUBJECT

Review of the Selection of Foundation sprima constants and Damping
parameters for Use in Dynamic Analysis of the Service Water pump Structures
and the Auxillery Building :

Based on these data a 25% reduction is appropriate for the till to correct
for strain level differencest.

C = (1.25) x 10,700 = 8026 kips /eq ft
1

This is only three percent different from the value of C used by the applicant,en inalgatticent difference.
ahear wave velocities measured in the plant fill.Similar computations were performed usina the

varies j;from s 500 ft/see to In the plant fill V

depth in the fill. s 1200 ft/sec and there la a trend of increasins* V with
.. __ ..and. if depth weighted would be in close streement with values actually used byThe computed * range of shear moduli is from 700 to 2006 kips /kthe applicant.

Sprima Constante
|

7.
In the selection of spring constants using the shear moduli and poisson's !

ratio values discussed above along with the varlowe equations for the trans-
,

lational end rocking stiffness of a rigid plate on or in an elastic half
space, the applicant chose to vary the spring constanta + SO percent and
envelope the results in estimating upper bound forces in the buildings.
the reviewer's opinion, this conservative practice more then overcomes any

In

uncertainty about either the appropriateness of a particular value of!

or about the use of equations for a rigid piste when the actual footings
C

) and/or met are not quite rigid.
!

i Dampina Parameters

1 8.
The soil around the structure provides a means by which energy may be

absorbed via hysteretic damping and a way in which energy can radiate suey
,

! from the structure toward infinity.
In the mathematical solution for the

vibration of a plata on an slaatic belf space, the term which accounts for
,

|

this radiation is identical in form with the damping term in the equation
of motion for a ainste degree of freedom system. ,Thus, the term radiation Idamping was introduced. The radiation damping term is a function of the
and shear modulus. structure's dimensions and the equare root of the product of mesa density|

!

9.
In their analyses, the applicant limited the radiation desping to

75 percent of the value calculated for a footing or met on an elastic half
This was done because radiation in a layered system is not as effective

space.

as in a half space tu terms of the amount of damping that appests to takeplace.

in the theoretical model has been adequately compensated.By taking only 3/4 of the theoretical damping value, the ahortenningThe applicant
added to the radiation three percent of critical damping as hysteretic soildamping.|

This in definitely conservative as several state-of-ttw-art papers
* p

- 320/32.1Ti nerain factor 25% kame as for the till)

w
o

|
-__ ____ - - --- - - - - - - ~ ~ ~ ~ ' ~ ~ ~ ~ ~ ~ ~ ' ~
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unsGA 9 March 1932
SUBJECT: Review of the Selection of Foundation Spring Constants and Damping
Parameters for Use in Dynamic Analysis of the Service Water pump Structures
and the Ausiliary Building

have ressemanded as much as five percent. Finally, the total damping (soil,
streeteral, and radiaties) was limited to ten percent in all except the rigid
body modes.

.
General

:

10. la doements a and b the actual spring constants and damping parameters
'

used in the analyses are presented. Sample calculations for one case are,

; discussed in detail. Bis sample caletilation illustrates a nianber of various
assumptions which have to be made to select spring constants. The effect of
embedmont is usually less then a 20 percent increase in the spring constant ik) W

-

and damping parameter (a). This is illustrated in tabulations given in
Documents (a) and (b). la view of the applicant's decision to use a i 502
variation la k and c details having a small effect on e or k depending on
assusptions relating to how embednent la treated are soot.

11. A revi w of these documents indicates that the applicant has used
elementary but u tirely adeguate spring and dashpot models to account forj

j ootl structure interaction in the dyassic analyses of the Auxiliary Building
i sad The Service Water pump structure. he applicant's choice of soil properties
| to use la calculatina interaction parameters is reasonable and his decision

to vary parameters i 50g and envelope results is considered prudent and
sufficient to envelope the effect of any uncertainties in the model or the
site properties.

.

AUL F. MADAIA
! Assistant Chief*

! Geotechnical Laboratory
[
|
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e of Spring Constants and Damping Parametera . . .
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6.'1.'.i reviewed. Addendum No. 4,' " Design Report for the Borated Water Storase
..

.~

.g.t. Tank,Feendationi Amalysia ", eentained in a letter to J. C. Keppler for
tqt J. W * Cook dated.:24 November'81. I also revised portiosa of the profiledT

P '.. testimony of Mr.:' Robert F.'Esanedy concerning the subject tank.
.. ..; . . , , . , . . .,

"
- 2. I found the beeic approach, equations, assumptions, and ranges of

parameters (i 505) selected for use in the analyses very slailar to thosea~.

described in my Memorandum for keeerd of 9 March 1982. subject " Review
of The Selection of Foundation Spring Constants and Damping Parameters

~

for Use in Dynamie Analysis of the Service Water Pump Structure and the
Aemiliary Building." I am completely satisfied with the applicant's method-*

ology la the subject area.
.

kip-sec/ftgicantselected
3. The app C = 1510 kips /sq ft, v = 0.45, and a = .00357

2 as the soil properties to use in the analysis. Be also decided
502 variation in. C Then he performed analyses in which spring

1(k)
to see a .

and radiation desping parameters (c) were calculated forconstants
sa annulur foundation met using C = 755 and 2265 kip /sq ft.

4. The borated water storage tank is founded on about 30 ft of fill. The -

taak's radium is 26 ft. Thus, the engineering properties properties of the
! fill will control the selection of k's and c's for use soil structure

interaction analyses. Inclosure 1 shows ahear-wave velocity V d
values (min average, and Isu)ata

.

measured in the plant fill. The C selected
by the applicant correspond to strain levels higher than those in the field

V test Hence, in order to compare directly with Iteld data they should'

beIncrease.d 25 to 35E. If this is done the V range computed is 500 to
j 900 ft/sec. As shown by lac 11, this is definitely within the realm of the

data. The value of a is consistent with measured densities and the value
j of Poisson's Ratio (v) le reasonable. Any uncertainty in its most appropri-
; ate value is more than takan care of by the 1 50% variation in C minee
j v appears in the forat

[l-v/g_1-v)C
Ch ( in the spring constant equations.

| 7-89g

5. In conclusion 1 as fully mariefied with the selection of the spring,

coastants and damping parameter range for the analysis of the boratedi

water-storage ttaka.'

'J
1 Inc1 FAUL F. HADALA
as Assistant Chief

Geotechnical Laboratory

e*

m _ ___ _ _ _ _ _ _ _ . . -
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j WESGA 19 March 1982
Y

t

i
'ul,

s

Mr. Joseph Kane a;

j US Nuclear Regulatory Commission i
Phillips Building g ".. , ex.;;0
7920 Norfolk Avenue

.'~"
5 "

gqn, gg82i>
g.

Bethesda, MD 20014,

% y yy.ntan M)?
gw #2 3

t2 %s\ /
/ \

Dear Joe: h ; gs

Transmitted herewith is my Memorandum for Record dated 15 March 1982 (Inci 1).

Sincerely,

a

1 Incl AUL F. IIADALA
As stated Assistant Chief

Geotechnical Laboratory
CF:
Mr. liarry Singh, NCD
Mr. Neil Gehring, DET DIST

.,

.

*.

6

4. i

1

M 324 0320319 ' %
'

CF A K 05000329
CF
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. n, en 15 March 1982
WESCA

MEMORANDUM FOR RECORD

SUBJECT: Liquefaction P tential in Areas of the Midland Plant Which the'

Applicant Does not Commit to ,Permane.1*1v Dewater .

,

t

1. On 12 March 1982 I received three site drawings from Mr. James K. Meisenheimer,

which indicated pipe and duct bank locations and elevations, boring locations
and the areas around the deisel generator building and the railroad bay of,

the auxiliary building which the applicant commits to dewater. The drawings
also show in pen and ink notations near some of the berings the elevation,
standard penetration resistance, and the standard penetration resistance
required to prevent liquefaction in the safe shut down earthquake. In ai

telephone conversation on 15 March 1982, Mr. Meisenheimer said the locations
identified on the drawing were the only places (outside the areas to be
dewatered) where sands with unacceptably low blow counts have been encountered
at the site.

2. I found that numbers reported as standard penetration resistance required
to prevent liquefaction in a safe shutdown earthquake with five exceptions
clomely agened with my own computations by the Seed-Idriss Simplified Method
for the following combination of parametersti

wet unit weight 120 lbs/cu ft
groundwater elevation 627 ft
A l9 8; max
Magnitude 5.3

Factor of Safety 1.5

Hy compacations are given in Inct 1 and the safe N value versus depth curves
for factors of safety of 1.0 and 1.5 are compared to the individual values

j reported on the drawings in Inc1 2.
.

: 3. There are a large number of unsatisfactorily low blow counts in cohesionless
'| soils above elevation 610 on the north west side of the service sator pump and
| circulating water intake structures. Since this area will recharge rapidly

if the dewatering system is inoperable, and since this area contains four
; category 1 pipelines supported on or above this liquifiable material it is
; recommended that material be removed and repinced with denne cohesionless

or cohesive soil in the following locations'

!

.

h

i

|

W
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' WESCA 15 March 1982
} SUBJECT: Liquefaction Potential in Areas of the Midland Plant Which the

Applicant Does not Commit to Permanently Dewateri

!
,

<

a. Above elevatian 610 underneath 26" OllBC-55 and 26" OllBC-54 east of
; the north-south line dettned by site coordinate line E575.

..
'

b. Above elevation 610 underreath 26" OHBC-19 and 26" OllBC-16 south,

of the east-west line defined by the site coordinate line S4950.
s . ,

e
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