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NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20865

AUG 4 1380

-

Docket Nos.: 50-329/330

Mr. J. W. Cook

Vice President \
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
hy 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 information 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

numbering system and should addrass the requests as marked to reflect our

changes.

Subparagraph 4j of the Corps rerart 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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Mr. J. W. Cook AUG 4 1380

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

Sincerely,

g /
<i;’- ;{é;i;é;!Q?/c?‘z,_——"

A. Schwencer, Acting Chief
Licensing Branch No. 3
Division of Licensing

nclosure:
OF Letter Report
ated 7/7/80

cc: See next page




Michael I. Miller, Esq.
Isham, Lincoln & Beale
Suite 4200

1 First National Plaza
Chicago, I1linois 60603

Judd L. Bacon, Esq.
Managing Attorney
Consumers Power Company
212 West Michigan Avenue
Jackson, Michigan 49201

Mr. Paul A. Perry, fecretary
Consumers Power Company

212 West Michigan Avenue
Jackson, Michigan 49201

Myron M. Cherry, Esq.
1 IBM Plaza
Chicago, I1linois 60611

Ms. Mary Sinclair
5711 Summerset Drive
Midland, Michigan 48840

Frank J. Kelley, Esq.

Attorney General

State of Michigan Environmental
Protection Division

720 Law Building

Lansing, Michigan 48913

Mr. Wendell Marshall
Route 10
Midland, Michigan 48640

Grant J. Merritt, Esq.

Thompson, Nielsen, Klaverkamp & James
4444 1DS Center

80 South Eighth Street

Minneapolis, Minnesota 55402
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ce:

Mr. Steve Gadler
2120 Carter Avenue
St. Paul, Minnesota 55108

Mr. Don va. Farowe, Chief
Division of Radiological Health
Department of Public Health

P. 0. Box 33035

Lansing, Michigan 48909

“illiam J. Scanlen, Esq.
2334 Pauline Boulevard
Arn Arbor, Michigan 48103

U. S. Nuclear Regulatory Commission
Resident Inspectors Office

Route 7

Midland, Michigan 48640
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Mr. William A. Thibodeau
3245 Weigl Road
Saginaw, Michigan 48603

Mr. Terry R. Miller
3229 Glendora Drive
Bay City, Michigan 48706
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risemom of 7 UL 180
NCEED-T

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

THRU: Division Engineer, North C ntral .
ATTN: NCDED-G (James Simps ﬂ;
» } / ¥

I}

i

|
i

ali
TO: U.S. Nuclear Regulatory Comaission !
ATTN: Dr. Robert E. Jhékdcn
Division of Systems Safet
Mail Stop P-314 |
washington, D. C. 20535 |

1. The Detroit District hereby submits this letter report with regard to
comp.atiocn of subtask No. 1 of the subject Interzgency 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 to settle these matters prior to
preparation of the Safety Evaluation Report.

2. The Detroit District's team providing geotechnical engineering support to
the NRC to date has made a review of furnished documents concerning
foundations for structures, has jointly participated im briefing meetings with
the NRC staff, Consumers Power Company (the applicant) and personnel froa
North Central Division of the Corps of Engineers and has zade detailed site
inspections. The data reviewed includes all documents received thrcugh
Azendment 78 to the operating license request, Revisfom 28 of the FSAR,
Revision 7 to the 10 CFR 50.54(f) requests-and MCAR No. 24 through Interim
Report No. 8. Generally, each structure wthin the complex was studied ac a

separate entity.

3. A listing of specific problems in review of Midland Units | and 2 follows
for Category 1 structures. The issues are unresolved in many instances,
because of inadequate or missing information. The structures to be addressed

follow the description . the problea.

a. Inadequate presentation of subsurface information from completed
borings on meaningful profiles and sectional views. All structures.
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. NCEED-T
e SUBJECT: Interagency Agreemect No. NRC-03-79-167, Task No. 1 - Midland Plant
Units 1 and 2, Subtask No. 1 - Letter Report

P

b. Discrepancies between soil descriptions snd classifications on boring
logs with submitted laboratory test results sumraries. Examples of such
discrepancies are found in boring T-14 (Borated water tank) which shows stiff
to very stiff clay where laboratory tests indicate soft clay with shear
strength of only 500 p.s.f. The log of boring T-13 shows stiff, silty clay,
while the lab tests show soft, clayey sand with shear strength of 120 p.s.f.
All structures. i / ;I

il

¢ce Lack of discussion about ltlhcf Icriuru used to select soil samples for
lab testing. Also, identification of the basis for selecting specific valves
for the various parameters used 4in toundacion design from the lab test
results. All structures. I/ Il

J

d. The inability to imsbalbils hkatis the el Bibamies Pied 180
testing (prior to design and construction) of individual samples, because in
geoeral, cnly final test values {n summary form have been provided. All
structures. '

(1) Lack of site specific information in estimating allowable bearing
pressures. Only textbook type information has been provided. If necessary,
bearing capacity should be revised based ou latest soils data. All structures
on, or partially on, £ill.

(2) Additional information is needed %o indicate the design methods
used, design asstmptions 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
revedial nmeasures for structures undergoing distress is required. Areas of
remedial measures except Diesel Generator Building.

f. There are inconsistencies in presentation of seismic design
information as affected by changes due to poor compaction of plamnt £1ll.
Response to NRC question 35 (10 CFR 50.54f) indicates that the lower bound of
shear wave velocity is 500 feet per second. We understand that the sanme
velocity will be used to analyze the dynamic response of structures built on
f£il1l. dowever, from information provided by rthe 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. Structuores on fill
or partially on fill except Diesel Generator Building.

4. A listing of specific issues and information necessary to resolve thea.

3 7 / Reactor Building Foundation

(1) Settlemeut/Consolidation. Basis for settlement/comsolidation of
the reactor foundation as discussed in the FSAR assumes the plant site would

Reseon,)d. &,,J Ta) o ey VI Y
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NCEED~-T
SUBJECT: Interagency Agreement No. NRC-03-79-167, Task No. 1 - Midland Plant
Units 1 and 2, Subtask No. 1 - Letter Report

not be dewatered. Discuss and furnish computation for settlement of the
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 {n water table which could happen if the
dewatering system became izoperable.

(2) Bearing Capacity. Bearing capacity compucations should be
provided and should include method used, founaation design, design
assumptions, adopted soil properties, and basis for selacting ultizate bearing
capacity and resulting factor of safety.

|

40/ Diesel Generator Buuding.

(1) Settlement/Comsolidation. In the response to NRC Question & and
27, (10 CFR 50.54f), the applicant has furnished the results of his computed
settlements due to various kinds [of loading conditions. From hi- <planation
of the results, it appears that compressibility paraseters obtai. bv the
preload tests have been used to compute tha static settlements. Iaformation
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
sattlement predictions, compute settlements based on test results on sanples
from new borings which we have requested in a separate 2emo and present the
results. Reduced ground water levels resulting from dewatering and diesel
Plus seismic vibration should be considered in settlement and seismic
analvsis. Furnish the_computaticn details for evaluating amplitude of
vibration for diesel gemerator pedestals including magnitude of exciting
forces, whether they are comstant or frequency dependent.

(2) Bearing Capacity. Applicant's response to NRC Question 35 (10
CFR 50.54f) relative to bearing capacity of soil i{s not satisfactory. TFigure
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 Gemerator Building. A bearing capacity cumputation should be subaitted
based on the test results of samples from new borings which we have requested
in a separate memo. This information should include method used, foundation
desizn assumptions, adopted soil properties and basis for selection, ultimte
bearing capacity and resulting factor of safety.

(3) Preload Effectiveness. The effectiveness of the preload sheould
be studied with regard to the moisture content of the £ill at the time of
p.eloading. The height of the water table, its time duration at this level,
and vhether the plant fill was placed wet or dry of opt imum would be all
important considerations.
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Interagercy Agreement No. NRC-03-79-167, Task No. 1 - Midland Plant
Units 1 and 2, Subtask No. 1 - Letter Report

(a) Granular Soils.

When sufficient load is applield to granmular 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.
Reorientation and breakage creates a cnain reaction among these and ad jacent
particles resulting in settlement. Reorientation is resisted by frictiom
between particles. Capillary tension would tend to increase this friction. A
moisture increase causing saturation, /such as a rise in the water table as
occurred here, would decrease capillary tension resulting in more compaction.
Present a discussion on the water table and capillary water effect on the
granular portion of the plant fiIl both above and below the water table during
and after the preload. '

(b) Impervious and/or Clay Soils.

Clay fill placed dry of optimum would not compact and voids could
exist between particles and/or chunks. In this situation SPT blow counts
would give misleading information as to stremgth. Discuss the raising of the
water table and determine Zf the time of saturatica was long enough to
saturate possible clay lumps so that the comsolidation coulc take place that
would preclude further settlement.

Discuss the preload effect on clay soils lying above the water table
(7 feet +) that were possibly compacted dry of optisum. It would appear only
limited consolidation from the preload could take place in this situation and
the potential for further settlement would exist.

Discuss the effect of the preload on clays placed wet of cptimum. It
would appear consolidation along with a gain ia strength would take place.
Determine if the new soil stremgth is adequate for ovearing capacity.

Deletel :
Coveved 6,

b/30/80
push keffep

(4) Miscellaneous. A contour map, showing the settlement
configuration of the Diesel Generator Buildiag, furnished by the applicant at
the meeting of 27 and 218 F-"ruary 1980 indicates that the base of the building
has warped due to diffeir....ial settlements. Additional stresses will be
induced {n the various components of the structure. The applicant should
evaluate these stresses due to the differential settlement 2and furmish the
computations and results for review.
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' NCEED-T '
SUBJECT: Interagency Agreemen: No. NRC-03-79-.°7, Task No. ! = Midland Plant
Units 1 and 2, Subtask o. 1l =~ Letter Report

‘flu/gf Service Water Building Foundation.

(1) Bearing Capacity. A detailed pile design based upon pertinent
soil data should be developed in order to more effectively evaluate the
proposad pile support system prior to load testing of rest piles. Provide
adopted soil properties, reference to test data on whizh they are based, and
method aud assumptions used tc estimate pile design capacity including
computations. Provide cstiaatod;mnxtmun static and dynamic loads to be
imposed and individual con:ribqt;on'(DL, LL, OBE, SSE) on the maximum loaded
pile. Provide factor of safety against soil failure due to maxizum pile lcad.

14 ! ’

(2) Settlements. I ]

(a, Discuss and providd‘anlysis evaluating possible differential
settlement that could occur between the pile supported end and the portion
plazed on filland glacial i, Describpe the impact oF Failore on sefety releted

Featvpes (e. 9., diese] Fuel ol storege tanns) behind or

(b) @resens Discuss@me vhy The :‘-‘l‘at’n‘?ﬁ; well acjacent/to the intake
structure is not required to befSeismic Category I structure.¥ Evaluate the
observed settlement of both the service water pumphouse retaining walls and
the intake structure retzining wall and the significance of the settlement
including future settlement prediction on the safe operation of the Midland
Nuclear Plant. TAis cva/valion shovid aldd ress actual slresrer ndvced by the
setl/emenl againel allowable stresses permitted by approved codes.

(3) Seismic Apalysis. Provided the proposed 100 ton ultimate pile
load capacities are achieved and reascnable margin of safety is available, the
vertical pile support proposed for the overhang section ~f t™e Service Water
Pump Structure will provide the support necessary for the structure under
combined static and seismic inertial loadings even if the soil under the
overhang portion of the structure should liguefy. 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 dynamic respomse 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
introduction of the piles. Therefore:

(a) Please summarize or provide copies of reports on the dynamic
analysis of the strucrure in its old and proposed configuration. For the
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 from the proposed
modification. If the proposed configuration has not yet been analyzed,
describe the analyses that are to be performed giving particular atteation to
the basis for calculation or selecticn, of and the range of numerical
stiffness values assigned to the vertical piles.

(b) Provide after completion of the new pile foundation, in
accordaace with commitment No. 6, item 125, Consumers Power Company memorandum
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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

dated 13 March 1980, the results of measurezeants of vertical applied load and
absolute pile head vertical deformation which will be made when the structural
load is jacked on the piles so that the pile stiffness can be determined and
ccmpared to that used in the dynamic analysis.

4P2?-,1( Auxiliary Building Electrical Penetration Areas and Feedwater
Isolation Valve Pits.

(1) Settlement. °Provide the assumptions, method, computation and
estimate >f expected allowable lateral and vertical deflections under static
and seismic loadings.

(2) Provide the constru-tion plans, and specifications for
underpinning operations beneath/ the Electrical Penetration Area and Feedwater
Valve Pit. The requested information to be submitted should cover the
following in sufficient details /for evaluation:

the Remporary

(a) Details ofqdewatering system (locatioms, depth, size and capacity
of wells) including the monitoring program to be required, (for example,
measuring drawdown, flow, frequency of observations, etc.) to evaluate the
serformance and adequacy of the installed systcs. £

(b) Location, sectionmal views ard dimensions of access shaft and
érift to and below auxiliary building wings.

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

£&F Dewatering before underpinning is recommended in order to
preclude differential settlement between pile and soil supported elements and
negative drag forces.

(é) Provide adopted soil properties, method and assumptions used to
es~imate caisson and/or pile design capacities, and computational results.
Provide estimated maximum static and dynamic load (compression, uplift and
lateral) to be imposed and the individual contributiom (DL, LL, OBE, SSE) on
saximum loaded caisson and/or pile. Provide factor of safety against soil
failure due to maximum pile load.

(;) Discuss and furnish computations for settlement of the portion of
the Auxiliary Building (valve pits, and electrical pemetration area) in
respect to changed water level as a raesult of the ~ite dewatering. Include
the effect of bouyancy, which was used in previous ~alculations, and
fluctuatiocns in water table which could happen, if dewatering system becomes
inoperable.

'S
(#) Discuss protection measures to be required agaianst corrosiom, {f
piling is selected.
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SUBJECT: Interagenc, Agreement No. NRC-03-79-167, Task No. ! — Midland Plant
Units 1 and 2, Subtask No. 1 - Letter Report

(;7 Identify specific information, data and method of presentation to
be subaitted for regulatory review at completion of underpinning operation.
This report should summarize comstruction activities, field inspection
records, results of field load tests on caissons ani piles and an evaluation
of the completed fix for assuring the stable foundatior.

4—3 / Borated Water Tanks.

(1) Settlement. The settlement estimate for the Borated Water
Storage Tanks furnished by the applicant in response to NRC Question 31 (10
CFR 50.54f) is based upon the results of two plate load tests conducted at the
foundation elevation (EL 627. 00+) of the tanks. Since a plate load tes: ig
not effective in providing information regarding the soil beyond a depth more
than twice the diameter of the bearing plate used in the tesc, the estimate of
tae settlement furnished by the' (pplicant does not include the coatribution of
the soft clay layers located at depth more than 5' below the bottom of the
acks (see Boring No. T-14 and T-l5, and T-22 thru T-26).

(a) Compute 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 ocaur
tetveen the ring (foundatioas) and the center of the tauks.

(b) The bottom of the borated tanks being flexible could warp under
differential settlement. Evaluate vhat additional stresses could be induced
iz the ring beams, tank walls, and tank bottoms, because of the settlement,
aad compare with allowable stresses. Furnish the computations on stresses
i2¢cluding method, assumptions and adopted soil properties in the analysis,

(2) Beating Capacity. Laboratory test results on samples from boring
I-15 show a soft stratum of soil below the tank bottom. Counsideration has not
been given to using these test results to evaluate bearing capacity
izformation furnished by the applicant in response to NRC Question 35
(10 CiR 50.54f). Provide bearing capacity computations based om the test
results of the samples from relevant borings. This informatioca should include
wethod used, foundation design assucptions, adopted seil properties, ultimate
beacing capacity and resulting factor of safety for the static and the seismic
loads.

ﬁlﬁg /?(’ Underground Diesel Fuel Tank Foundation Design

(1) Bearing capacity. Provide bearing capacity computation basad on
the test results of samples from releveat borings, iacluding method used,
foundation design assumptions, adopted soil proper-ies, ultimate bearing
capacity and the resulting factor of safety.

2) Provide tank settlement analysis due to static and dynamic loads
ice ng nechods, assumptions made, etc.
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SUBJECT: Interagency Agreement No. NRC-03-79-167, Task No. 1 - Midland Plant
Units 1 and 2, Subtask No. ! - Letter Report

(3) Wwhat will be effects of uplift pressure on the stability of the
tacks and the associated piping system i{f the devatering system becomes
iaoperable?

4’5 / Underground Utilities:

(1) Settlement

(a) Inspect the interfor of water cireulatiom piping with video
caceras and sensing devices to show pipe cross section, possible areas ot
crackings and openings, and slopes of piping following consolidation of the
plant fi{l1l beneath the imposed surcharge loading.

(b) The applicant has -{ated in his response to NKC Question 7 (10
CFR 50.54f) that if the duct banks remain intact after the preload program has
been completed, they will be able to withstand all future operating loads.
Provide the results of the observations made, during the prelnad test, to
datermine the stability of the duct baaks, with your discussion regarding
their reliability to perform their design functious.

(¢) 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 systems 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 aporox. 0.2 feet
within a distance of only 20 feet. Using the procedure on p. 17-2,

sb=E(e)=E (D) =E(D)(85)
2R 2 2

6d = 30000 (26 ) [ 8(0.2)(12) ] = 130.0 RST
2 (20x12)% as allowabl,

~ " "
’ . .y Y 5
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ST — -
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—all _simputed—settienent-oirevees. Yet, Table 17-2 lists only 52.5 KSI®Stress
for this pipe. This matter requires further revicw. Please respond to Zhis
apparent discrepancy and also specify the location of each computed settlement
siress at the pipeline stationing shown on the profiles. More than one

critical stress locatica is possible along the same pipeline.

(d) During the site vis‘t on 19 February 1980, we observed three
instances of <hat appeared td be degradation of rattlespace at penetrations of
Category I piping through concrete walls as follows:
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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 betveen the sleeve and the pipe was very
small. g1

"o gleeve

TSV
/‘ Iy _'- .th-’

c8' 4 0¢ .9 'a’

EH: ‘(ehignq\\ Gap
poRi

Service Water Structure - Two of the service water
pipes penetrating the northwest wall of the service
vater strpcture had sectled differentially with
respect the structure and were resting om slightly
squashed /short pieces of 2 x 4 placed in the bottom of
the peuetratioun. From the inclination of the pipe,
there is a suggestion that the portions of the pipe
further back ia 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 ccutact with the 2 x 4. Whether these
irregularities are normal manufacturing irregularities
or the result of coancentration of load on this
temporary support caused by the settlement of the
fill, was not known.

These instances are sufficient to warrant an examination of those pemetrations
where Category I pipe derives support from plant £ill on one or both sides of
a penetration. In view of the above facts, the following information is
required.

(1) What i{s the minimum seismic rattlespace required between a
Category I pipe and the sleeve through which it penetrates a wall?

(2) 1Identify all those locations where a Category I pipe deriving
support from plant fill pemetrates an exterior concrete wall. Determine and
report the vertical and horizomtal rattlespace presently available and the
ainimum required «t each location and describe remedial actioms planned as a
result of conditions uncovered in the inspection. It is anticipated that the
answer to Question (1) can be obtaised without any significant additional
excava.ion. If this {s not the case, the decision regarding the necessity to
obtain information at those locations requiring ma jor excavation should be
deferred until the data froz the other locations have been examined.
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(e) Provide details (thickness, type of material etc.) of bedding or
cradle placed beneath safety related piping, conduits, and supporting
structures. Provide profiles along piping, and conduits aligmments showing
the properties of all supporting materials to be adopted in the analysis of
pipe stresses caused by settlement. '

(£) The two reinforced concrete return pipes which exit the Service
Water Pump Structure, run along either side of the emergency cooling water
reservoir, and ultimately eoter into the reservoir, are necessary for safe
shutdown. These pipes are buried within or near the crest of Category I
slopes that form the sides of the emergency cooling water reservoir. There is
RO repert om, or analysis of, the seismic stability of post earthquake
residual displacement for these slopes. While the limited data from this area
do not raise the specter of any problem, for an important element of the plant
such as this, the earthquike snﬁli:y should be examined by state-of-the-art
methods. Therefore, provide results of the seiszic analysis of the slopes
leading to au estimate of tha permanent deformation of the pipes. Please
provide the following: (1) a r an showing the pipe location with respect to
other nearby structures, slope. of the reservoir and the coordinate system;
(2) cross-sections showing the pipes, normal pocl 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 vhers 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 System; (3) discussion of available
shear strength data and choice of strengths used ia stability anmalysis; (4)
determination of static factor or safety, critical earthquake acceleration,
and location of critical circle; (5) calculation of residual movement by the
oethod presented by Newmark (1965) or Makdisi and Seed (1978); and (§) a
determination of whether or not the pipes caa fumction properly aiter such
movements. :

4‘6/ Ccoling Pond. -

(1) Emergency Cooling Pond. In recognitioa that the type of
embankment fill and the compaction control used to comstruct the reteation
dikes for the cooling pond were the same as for the problem plant £ill, we
request reasonable assur:ace that the slopes of the Category I Emergency
Cooling Pond (baffle dike and main dike) are stable under both static and
dvaazic loadings. We request a revised stability analysis for review, which
will include identification of locations analyzed, adopted foundation and
embankment conditious (stra:i_fication, seepage, etc.) and baris for selection,
adopted soil properties, method of stability analysis used and resulting
factor of safety with identification of sliding surfaces analyzed. Please
address any potential impact on Category I pipes near the slopes, based on the
results of this stability study. Recommendations for location of new
exploration and testing have beea provided i{n a separate letter.

10
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(2) Operating Cooling Pond. A high level of safety should be
required for the reviining slopes of the Operating Cocling Pond unless it caa
be assured that a failure will not: (a) endanger public health and
properties, (b) result ia an asszult on eavironment, (¢) impair needed
emergency access. Recomnendations for locations of new borings aund laboratory
tests have been submitted in a separate letter. These recommendations were
made on the assumptions that the stability of the opera~ing cooling pond dikes
should be demonstrated.

4 7/ Site Dewatering Adequacy’.

(1) 1In order to provide the necessary assurance of safety against
liquefaction, it is necessary to demomnstrate that tie water will not rise
above elevation 610 during normal pperatious or during a shutdown process.

The applicant has decided to accomplish this by pumping from wells at the
site. In the event ¢ a failure, /partial failure, or degradation of the
dewatering system (anu its backup system) caused by the earthquake or aay
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 fmmediate vicinity of Category I structures and pipelines
founded on plant £1ill, 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 ft”

(page 24~1). On page 24~1 the applicant also states "Therefore el 610' is to
be used in the designs of the dewatering system as the maximua permnissible
groundwater level elevation under SSE conditions.” Qa page 24-13 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
from 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 planm 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 1 Pipelines supported on plant £fill at or
below elevation 597, (3) to pump as necessary to hold water levels in the
wells mentioned in (2) above at or below elevation 610, or (4) something else?
1f it is something else, what is ic?

(b) 1a the event the water levels in observation wells nezr Category
I Structures or Pipelines supported on plant f£ill exceed those for normal
operating conditions as defined by vour 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?
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(¢) Where will the observation wells in the plant £ill area De
located that will be monitored during the plant lifetime? At what depths will
the screened intervals be? Will the combination of (1) screened interval in
conasionless soil and (2) deconstration of timely response to changes in
cooling pond lavel prior to drawdown be made a condition for selecting the
cbservation wells? Under what conditioss will the alarm mentioned om pag=
24-20 be triggered? What will be the response to the alarm? A worst case test
of the completed permanent dewatering and groundwater level monitoring systems
could be conducted to determine uhcxhcr/o. not the time required to accomplish

shutdown and cooling is available. /This could be done by shutting off the
eatire dewatering system when the cooling pond is at elevation 627 and
determining the water level versus tice curve for each observation well. The
test should be continued until the water level under Category I structure,
vhose foundations are potentially liqucfiablc, reaches elevation 610 (the
zor=al water level) or the sum oﬁ i?‘ tize intervals allotted for repair and
the time {nterval needed to accomplish shutdown (should the repair prove
vasuccessful) has been exceeded, whicaever occurs first. In view of the
zeterogeneity of the £fill, the likely variation of its permeability and the
secessity of making several assumptions in the analy.is which was presented in
the applicant's response to Questica 24a, a full-scale test should zgive more
zeliable information om the available time. In view of the above the
zpplicant should furnish his response to the followiag:

If a dewatering systen failure or degradartionm occurs, im order to
sssure that ths plant is shutdown by the time water level reaches elevation
310, it is necessary to initiate shutdown earlier. In the event of a failure
3f the dewatering system, what is the water level or condition at which
shutiown will be initiated? Low i{s that condition determined? An acceptable
zezhod would be a full-scale worst-case test performed by shutting off the
eatire dewatering system with the coolinz pond at elevatiom 627 to determine,
at each Category I Structure deriving support from plant £ill, the water level
it which a sufficient tine window still remzins to accomplish shutdown before
the water rises to elevation 610. In establisning the groundwater level or
cozdition that will trigger shutdown, it is necessary to account for normal
surface water inflow as well as groundwater recharge and to assume that any
addéizional action taken to rapair the dewatering system, beyoud the point in
tize when the trigger condition is first reached, is unsuccessful.

(2) As per applicant response to NRC Question 24 (10 CFR 50.34f) the
Zesign of the permanent dewatering system is based upon two major findings:
{l) the granular backfill materials are in hydraulic connection with an
u=dferlying discontinuous body of natural sand, and (2) seepage from the
zosling pond is restricted to the intake and jump structure area, since the
2lant £111 south of Diesel Generator 3uildiag is an effective barrier to the
:=2flow of the cooling pond water. However, soil profiles (Figure 24=2 in the
"Rasponse to NRC Requests Regarding Plant Fill"), pumping test time-drawdown
zraphs (Figure 24-14), and plotted cones of iafluence (Figure 24~15) indicate
=hat south of Diesel Cenerator Buildiag, the plant £ill material adjacent to
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the cooling pond is not an effective barrier to inflow of cooling pond vater.
The estimated permeability for the f£111 material as reported by the ap licant
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 £ill
materials from the south side of the /Diesel Genmerator Building on the
permanent dewatering system. This evaluation should especially consider the
recovery data from PD-3 and complete data from PD-5.

(3) The interceptor wells have been positioned along the northern
side uf the Water Intake Structure and service water pump structur2s. The
calculations estimating the total groundwater inflow indicate the structures
serve as a positive cutoff. However, the isopachs of the sand (Figures 24~9
and 24~10) indicate 5 to 10 feet of remaining natural sands below these
structures. The soil profile (Figure 24-2) neither agrees nor disagrees with
the isopachs. The calculations for total flow, which assumed positive cutoff,
reduced the length of the line source of inflow by 2/3. The calculations for
the spacing and positicning of wells assumed this reduced total flow is
applied aloug the entire length of the structures. Clarify the existence of
seepage below the structures, preseat supporting data and calculations, and
reposition wells accordingly. Include the supporting data such as drawdowm at
the ‘aterceptor 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 comstruction plans and specification of permanent
dewatering 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 ramifications 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 dewatering svstem.

(7) What are your plans cor momitoring water 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 (measure of dissolved solids, chemical controls). Provide
basis for established criteria in view of the results shown on Table 1, page
23 of tab 147,
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(9) Upon reaching a steady state in dewvatering, 7 groundwater survey
should be made to counfirm 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 settlement cnd its effects
(especially on piping) can be studied. Settlement should be closely monitored

during this period. . ;
Provide your plans For condveting Ehis 3roun¢(u4t?r svrvey ,

j« Liquefaction Potential.

An independent Seed-Ildriss Simplified Analysis was performed for the
£411 area under the assumption that the groundwater table was at or below
elevation 610. For 0.19 3 peak ground surface accceleration, was found

it
that blow counts as follows were vequired for a factor of safety of l.5:

Elevation \4nisum SPT Blow Count*!
4w For F.S. = 1.5

610 14
605 16
600 17
595 19

The analysis was cousidered conservative for the following reasons (a) no
account was taken of the weight of any structure, (b) liquefaction criteria
for a magnitude 6 earthiquake were used whereas an NRC memorandum of 17 Mar 30
considered nothing larger thaa 5.5 for an earthquake with the peak
eleration level of 0.19 g's, (c) unit weights were varied over a range
d enough to cover any uncertaiaty and the tabulation above is based on the
conservative set of assumptions. Out of over 250 standard penetration
on cohesionless plant fill or natural foundation material below
tion 610, the criteria given above are not satisfied in four tests in
al materials lucated below the plant fill and in 23 tests located in the
£§{11. These tests involve the following borings:

Gk

oy

Y

DG-18, AX 13, AX 4, AX 13, AX 7, AX 5, aAX 11,

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

-9
me of the tests on natural material were conducrted at depths of at less than
t before approximately 35 ft of £111 was placed over the locatiom. Prior

arison with the criteria these tests should be multiplied by a factor
t 2.3 to account for the increase in effeccive overburden pressure that
t and future dewatering of the fill.

c( m;
ou
ts from the olacemen

blow counts would increase by 30Z.
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Of the 23 tests on plant £ill which fail to satisfy the criteria, most are
near ov under structures where remedial measures alleviating necessity for
support from the fill are planned. Only 4 of the tests are under the Diesel
Generator Bujlding (which will still derive its support from the £i11) and 3
others are near it. Because these locations where low blow counts were
recorded are well separated from ome /another znd are oot ome continuous
stratum but are localized pockets of loose material, no failure sechanisam is
present. 'ff /

In view of the large number of boriags in the plant £111 area and th2
conservatism adopted in ann.lysl.;." ‘these few isolated pockets are ac .hreat to
plaat safety. The f£ill area is/safe against liquefactiom in a Magnitude 6.0
earthquake or smaller which produces a peak ground surface acceleration of
0.9 g or less provided the grod#dvttdt elevation in che fill is kept at or
below elevation 610. i/ .

43 ,‘/ Seismic amalysis of structures on plant fill materal.

(1) Category - Structures. From Section 3.7.2.4 of the FSAR it can
be calculated that an average Vg, of about 1350 ft/sec was used in the
original dynamic soil structure {ateraction analysis of the Category I
struc-ures. This is ccnfirased by one of the viewgraphs used in the 28
February Bechtel praseantation. Plant £111 v, 1s clearly much lower than
this value. It is understood from the response to Question 13 (10 CFR 50.54f)
conceraing plant fill that the analysis of several Category I structures are
underway using a lower bound average Ve 500 ft/sec for sections supported
on plant £11] and that floor respouse 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 impact of this parametric variatiom in foundation
conditions.

Leen

(a) Discuss which Category I structures have,and/or will be
reanalyzed for changes in seismic soil structure interaction due to the change
in plant £111 stiffness from that envisioned in the origiral design. Have auy
Category I structures deriving support from plant £ill been excluded from
reanalysis? On what basis?

(b) Tabulate for each old analysis and each reanalysis, the
foundation parameters (vg,V and £ ) used and the equivalent spring and
danping constants dcr1v¢3 therefrom so the reviewer can gain an appreciation
of the extent of parametric variation performed.

(¢) 1s it the intent to analyze the adequacy of the structures and
sheir contents based upon the envelope of the results of the old and new
analyses? For each structure analyzed, please show omn the same plot the old,
new, and revised eaveloping floor response spectra so the effect of the

15
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changed backfill on interior response spectra predicted by the various models
can be readily seen.

(2) Category I retaining wall near the southeast cormer of the
Service Water Structure. This wall i3 experiencing some differential
sattlement. Boring information in Figure 24-2 (Questinn 24, Volume 1
Responses to NRC Requests Regarding Plant Fill) suggests the wall is founded
on natural soils and backfilled qwtb plant fill on the land side. Please
furnish details clarifying the following:

| 44
(a) Is there any planphkill underneath the wall? What additional
data beyond that shown in Figure 24~2 support your answer?

(b) Have or should the chign seismic loads (FSAR Figure 2.5-45) be
changed as a result of the chan;,d backfill conditions?

(¢) Have or should dynamic water loadings iz the reservoir be
considered ip the seismic design of this wall? Please explain the basis of

your answer. o
S. In your response for the comments and questions in paragraph 4 above, i1f
you feel that sufficiently detailed {nformation already exists on the Midland
docket that may have been overloocked, please make reference to that

information. Resolution of issues and cuncerms will depend oa the expeditious
receipt of data mentioned above. Contact Mr. Neal Cehring at FTS 226-6793

regarding quesiicns.

702 TZ3 LI572182 NGLIE3s ~
o34 - \) MQ‘ ):(‘\* \E ?

P. McCALLISTER
Chief, Engi_.eering Division

16

s VNG L iR QT T T, M=o S cove o TR e G2




DEPARTMENT OF THE ARMY ~3/6 8/

WATERW . YS EXPERIMENT STATION, CORPS OF ENGINEERS
P O BOX 831
VICKSBURG, MISSISSIPP 398180

N REPLY REFER TO, (S A’\n‘ )

WESGA

SUBJECT: Midland Nuclear Power Plant Ground Motion Study

Commander

US Army Engineer District, Detroit
Attn: NCEED-T/Mr. Neil Gehrig

PO Box 1027

Detroit, MI 48231

DRAFT

l. 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 report under your IAO Number CE-1A-80-047.

2

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.dim Simpson (NCDED-G) Engineer
. Lyman Heller (NRC) Acting Technical Director

r. Jre Kane, (NRC) (4 copies)




DEPARTMENT OF THE ARMY
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VICKSBURG, MISSISSIPPI 39180

in aesLy seren vo. WESGCA DRA‘ l 3 August 1981

MEMORANDUM FOR RECORD

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

1. INTRODUCTION. Under IAO 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 poimarily 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
performrd by WES to study the effects of changing some of the parameters used
itu siwilar 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
Refere.ice 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

Incl 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 precomstruction
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 test methods (see Reference 7). This
reviever 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 containe 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."

J)ho( p
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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.

4., SHAKE, when given modulus factors, uses them in preference to V_ to compute
the initial shear modulus G,. Siace the shear modulus-shear strain curve for
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 £. 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 whicn 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 statiom
scaled to 0.12 g was used as an outcrop of the Saginov bedrock (which underlies

the profile at a depth of 371 ft) 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
different earthquake records. In all cases the records were scaled to 0.12 g

and input as outcrop moticns 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.

The other three records ueed 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.
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8. Also, the El Centro record, which was used in most of the Reference 3 SHAKE
calculations is .‘rom 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

for a substantially larger event was used as the baseline or pivot point of
the parameter study is unknown. The 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 aralytically 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 physical.y 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 ot response spectra (RRS)
in the 1/2 to l0He range. However, the analytically developed RRS still (with

minor exception) lie below the RKS 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(,25 sec (frequencies less than 4 hz), which is supported
by the additional calculations reported in Referece 6 and displayed in Figure 5.

l11. PART II - SHAKE CODE PARAMETER STUDY. One of the objectives of the

parameter study was to determine the differences between the ground motion
environment at the top of plant fill and the original ground surface as calcu-

lated 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 obleciive 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
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
more) reasonable assumption for some of the accelerograms is that they represant
original ground surface (top of till) motions. Table 1 is a list of the thirteen
SHAKE code calculations performed that shows the variation of parameters performed
Table 2 describes the earthquake accelerograms used as input.
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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
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 calculatious 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 thne
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, SOOE, 5/18/40) scaled to 0.12 g was used only because

of its choice by the authors ot 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 Formatiou (which underiies the Case A profile
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
shown in Figure B-8 of Reference ..

13. Figure 7 shows the ~ffect of some variation in site prefile on the ampli-
fication factor curve for the motion at the rop of fill with respect to outcrop
motion. Figure 8 shows the effects of the same variations in site profile on

> percei. damped shock spectra at the ground suirtace. Profile F, whose proper-
ties are given in Table 4 and whose low strain level shear modulus ve depth
relationship is given by the solid line in Figure 1 represents this writer's
judgment of the lower limit of fill stiffness and the bes:t estimate of the
stiffness of the natural ground. Profile G, whose properties are given in
Table 5, represents this writer's judgment on the upper limit of the fill stiff-
ness. Below the plant fill it is the same as F. Profile H (see Table 6) is
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.

-

/ 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
with and without fill) it is seen that the effect is also deamplification at
frequencies above 1 Hz but to a lesser degree. Figure 7 shows that in the lower
trequency range (below 1 Hz) the effect of the presence of the fill (either Case A
or F) is substantial amplification over Case 1I.

4. Figures

15. Figure 7 also shows for Profile F what happens when the outcrop location
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
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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
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.

l6. While this writer considers the spectra in Figure 8 for the A and I pro-
files inappropriate because of the bedrock outcrop location used in the calcu-
lation and the size of earthquake in which the record was obtained, the spectra
in Figure 8 can be compared with the 84th percentile empirically developed
spectra shown in Figure 6 by overlaying the transparency of Figure 6 given at

the end of this report on Figure 8. In fact, the same comparison can be made
with any of the spectra which follow.

17. Figure 9 shows the spectra for the top of the F, G, and H profiles calcu~-
lated if the El Centro record ‘s used as a till outcrop which is physically more
realistic than using it as a vock outcrop record. In the 1 to 5 Hz frequency
range, tha 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.

18. The NRC staff requested a saries of SHAKE calculations be performed with
an accelerogram from the Fogoria-Cornino station and the 9/11/76 earthquake

at Friuli, Italy. This record was among those used in the development of the
empirical site specific response spe:tra. The card deck for this record was
furnished to WES by NRC. Since the record was recorded in the surface and the
site profile bears some general similarity in layering and stiffness to the
Midland site, the original ground surface is the appropriate outcrop layer

and was used as such in Runs 4, 5, and 11 (Table 1). Results from these *three
calculations are shown in Figures 10 and 11. Because of the physical proximity
of the outcropping layer to the top of the fill, only limited amplification

can occur. As expected, Profile F, the softer profile shows more amplificacion
than Profile G. The peaks as shown in Figure 10 are at frequencies which are
bounded from above by those obtained from the formula:

f =V
-
4H
layer thickness = 31 ft
frequency

iverage small strain level shear-wave velocity of
fill (670 ft/sec for Profile F and 770 ft/sec for
Profile G)

Since Profile F is softer and the response of the fill is, on a
much further into the nonlinear regime, the greater
for Case F appears reasonable

relative scale,
ywernrediction by the formula
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19. Figure 1l 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-
pacency of Figure 6 is appropriate. Such a comparison shuws that e:..ept 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 NKC 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 rhe 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.

21. Figures 12 and 13 show the amplification factors and shock spectra computed
using 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 ‘n the range below 5 He. It should be
expected that, 1f 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 analy: s, 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 (which 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
equation 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
actual conditions at the accelerograph secondary station are shown. The excep~
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 were
performed with an amplification factor data set which had less resolution in

the frequency domain (Af = 0.1 He) and no smoothing »f 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
Figure 9 of Reference 3 (also Figure 5 of this memorandum). It iz 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.

24, SUMMARY. The analytical parameter study has shown that the effect of the
addition of the fill on the ground motior envirconment -an be different depending
on the stiffness of the fill, the acceleration record chosen, or which layer

is chosen for the outcrop. The largest variations observed in the top of fill
ground shock environment occurred due to the change from Profiles A to F (or 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 recoris 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-
lemblor record fell within the envelope of the RRS from the Reference 3 studv.
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6 L 9T837 1500 §5500 72,80 T A M 2y, T iRl a5 | —
? 1 9,04 1500 45704 117,80 7,%8 23129, Deg20 o.ai*! 2300, [
8 1 18,4 1700 %0708 165,00 11,43 31733, b.glo 0:1450 3000,
9 716,44 71500 20008 315,00 14,06 B34 7 D 11 041450~ 30p8, ~— — -
30 2 5.46 1500 {09700 £50,00 20,80 37734, D070 041350 3boo,
12 468 1700 100700 390,00 27,46 37733, 0,070 0.1450 3000,
12 TBASE 5§, ’ T L et T ey F T0v1450 2o e r
ssssee  OPTION 4 epe QBTAILN SYRAIN COMPATIHLE SDIL PROPERTIES

T 8,00
' 5,85

LAYER  TYPE DEPTH  MAK SHEAR MOD MAX SHEiR VEL
i 1 37000 2093,29999 850 {1890
2 i 15,900 2893,2999¢ 850,{1890
3 i 25.000 2893,299%9 850,11890
4 435,000 2093,299%Y A5 {1890
5 1 45,000 2893,29999 850,1189D
8 1 72,300 22174,899Y9 2300, 81703
? i 1779007 22179,89999 2300 81703
8 i 165,000  37733,79980 3000,83600
3 { 215,000  37933,79980 3000,83500

TUUTAe T T2 T 290:000 7 §7733,88067  3000,63854

11 2 390,000  A793%,36328 3000,489714
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Figure 2. Normalized Shear Modulus Vs Shear Strain
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Saginaw Outcrop
El Centro Record

SOTL PROFILE : CASE A — — (Reference 3)
VARTATION ¢ 1 —— (Reference 6)
EARTHQUAKE : EL CENTRO

563!4 ft

o~
-

$.00
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FREQUENCY IN CYCLES/SEC

Figure 4. Effect of Changing Modulus Factors, Case A
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Amplification Factor, Surface of Fill Motion

Outcrop Motion

JTorce /4')

—————— ./”'y‘l ol /.)

~— e~ FROFILE F

=+ — FeoFice H
= fPOFILE 'G

g oo o [EDFILE T
=

FReQuency | CFPS

Figure 7.

Comparison of Amplification Curves Obtained
Using the El Centro Record
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MEMORANDUM FOR RECORD

SUBJECT: Review of The Selection of Foundstion Spring Constants snd Damping
Parameters For Use 4n Dynamic Analysis of the Service Water Pump Structures
and the Auxiliarv Building

Introduction

1. Messrs. Joe Kane of KRC and Mr. Harry Singh of North Central Division,
CE, requested I review the following documents in Rovember and December 1981:

a. “Auxiliary Building Seiomic Model: Revision 3, for Midland Plant Unite
1 and 2," Covsumers Power Company, September 28, 1981.

b. "Service Water Pump Structure Seisnmic Model, Revision 1, for Midland
Plant Units 1 and 2," Consumers Power Company, September 28, 198],

€. "Testimony of Robert P. Kennedy before the A*omic Safety and Licensing
Board in the Matter of Consumers Power Company (Midland Plant Units 1 and 2),"
Docket Rumbers 50-329 oM, 50-330 oM, 50-329 0L, 50-330 OL.

2. The documents were furnished to me by Mr. Singh. All three of them concern
6 ¢ soil-structure 4 sction to determine (o) seismic forces on
spec structures and seismic joput to internal components in theme
structures. 1 reviewed them during the esrly part of December. On 11 Decesber
I participated in a telephone conference with Messrs. Mike Blume, Phil Steptoe,
Robert Kennedy, Joe Kane, and Prank Rinaldi, which explored questions raised

in my reviev that were not fully addressed in Documents a, b, and c. The purpo
of that conversation was to begin the process of getting additional facts on th
record. On 15 and 16 December I attended the Atomic Safety and Licensing

Board (ASLB) hearing at Midland, Michigan. The sase questions ! raised on

11 Decenber were asked of Mr. Kennedy when he was on the witness stand and
his ansvers were made » sstter of record.

3. The professional opinion 1 arrived At as a result of my reviev was given
t0o the ASLE in oral testimony mnd is recorded on pages 612)1-6286 of the

transcript of the hearings. This wmemorsndum containe essentially the same
information presented in ry testimony.

Soil Properties

h. The state-of ~the-art basis for selection of equivalent spring constants
and denping parameters is found in the solution for the vibration of a plate

on homogenious isotropic linear elamtic media. These aolutions hove been modif !
to include the effect of foundetion enbedment. The specific rheoretical

solutions and equations used by the applicent in Documents o and b (See Appendis

» s~
Bl e e e e i
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WESGA 9 Merch 1982
SUBJECT: Review of the Selection of Foundation Spring Constants and Damping
Parameters for Use in 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 mstter requiring Judgment
is the selection of elastic constants (the shesr modulus (C) and Poisson's
Ratio (v) to be used in the analysis.

5. The method used by the applicant to select elastic conmatants is discussed
on pages 8 and 9 of Document a, pages 2-3, 3-2, and 3-) of Document a, pages 2-1
31, and 3-2 of Document b, and in Mr. Robert Rennedy's oral testimony. "G" was
determined by laboratory tests ogz"uudu!,rud" soi) samples {rom the site

and at shear strain levels of 10™° to 10°° parcent. A correction factor ;

of 1.5 was applied to correct for ssmple disturbance. Additionally, empirical
formulas for shear modulus as & function of effective strese Jevel and

shear modulus data obtained by Danes and Moore st the La Salle site were also
used in arriving at the following parameters:

Clacial till: v » 0.42 G = 7746 kips/sq It

Backfill ry s 0.40 G & 1728 to 2495 kips/sq ft
. (depending on elevation)

6. While I do not prefer the applicent's method because of uncertaianty in

the correction factor for sample disturbance, I agree with Lhe applicant's
results. 1 obtained comparable snevers as follows: Field shear wave velocities
have been measured in the plant £111 ‘hnd the underlying glacial till, In the
case of the till, soil at depths at leasst equal to the bujlding exterior
dimensions are involved in its rigid body motion. Pield shear wave velocities
(V.) of approximately 850 ft/sac for the first 60 ft below the foundation

sod 2300 ft/sec for greater depths were messured at very soall strain levels.

‘ 32.16
G- oV,  when, p = mass density » u’g—&l ' “f-b

A depth weighted average shear modulus for the top 100 ft of till ds;

Cavg * . (1'3'8) (ﬁg’ " it ‘(1%3) 4 ’ it °*

This value of G 18 appropriste for the strain levels in the field shesr
vave velocity test. These strain levels are much smaller than those in the
sarthquake. Thus, & reduction is in order. The banis for the reduction
are the Seed-ldriss 1970 curves which indicate the following:

Type of Reducti in G Mductl’ in¢C
Soil ? 1077% Strain 0 107°% Seratn

e T i
Clay 26

Sand 10 30



sl SN

Based on these date & 251 reduction is appropriate for the till to correct

for strain level differences:

€= (1-.25) x 10,700 « 8026 kipe/eq ft

This i» only three percent different from

the value of C used by the applicant,

an insignificant difference. Similar computations were performed ueing the
Shear wave velocities measured in the plant 411, In the plant fill V. varies

from ~ 500 fe/sec to ~ 1200 fc/sec and
depth in the fill. The computed* range o

there 1s & trend of incressing® Vv  with
f shear moduli 18 from 700 to 2000 kips/s

wew .and Lf depth weighted would be in close sgreement with values actually used by

the applicant.

Spring Constants

7. 1In the selection of #pring constants using the shear moduli and Potsson's
ratio values discussed above slong with the various *quations for the trans-

lational end rocking stiffness of a rigid

plate on or in an elastic half

"pace, the applicant ¢hose to vary the *pring constants + 50 percent and

envelope the results in estimating upper
the reviever's opinton, this conservative

bound forces in the bulldings. In
practice more thsn overcomes any

uncertainty about either the Sppropriatensss of & particular value of ©

or about the use of Squations for a rigld
end/or mat are not quite rigid.

Damping Parameters

plate vhen the sctual footings

8. The soil around the Structure provides & neans by which energy may be
absorbed via hysteretic damping and a wvav in which anergy can radiste awvay

from the structure tovard infindity, 1In ¢t

he mathematical solution for the

vibration of a plate on an ®lastic half space, the ters which accounts for

this radiation {s {denticsl in form with
of motion for a single degree of freedon

the damping term in the equation
fystem. Thus, the ters radiation

demping was lotroduced. The radiation damping term is & function of the
Structure's dimensions and the Square root of the product of sass donsity

and shear modulus.

9. 1ln thetir analyses, the applicant limited the radiatice demping to

75 percent of the value calculated for »

footing or mat on an elastic halt

Rpace. This vas done because radintion in & layered system is not as effective
A8 in o half space in terms of the amount of damping thet appesrs to take
Place. By taking only 3/4 of the theoretical damping value, the shorteoming
in the theoretical model hes been adequately compensated. The applicant

added to the radiation three percent of critical damping as hyeteretic sol)
davping. This ia definitely conservative a5 neveral state-of-tie-art papeors

. p = 133752.“‘? rtrain factor 25% Game as for the til1))
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WESGA 9 March 1982
SUBJECT: Review of the Selection of Foundstion Spring Constants and Damping

Parameters for Use in Dynamic Analysis of the Service Water Pump Structures
and the Auxiliary Building

have recommended as much as five percent. Finally, the total dsmping (soil,
structural, and radiation) wes limited to ten percent in all except the rigid
body modes.

Genersl

10. In documents & and b, the actual spring constants and damping parameters
used in the analyses are presented. Sample calculations for one case are
discussed in detail. This sample calculation 1llustrates a number of various
assumptions which have to be made to select spring constants, The effect of
enbadment is usually less than a 20 percent increses in the spring constant {k) . -
and demping parameter (2). This is illustrated in tabulations given in
Documents (a) and (b). 1n view of the applicant's decision to use a 4+ 50%
variation in k and ¢, details having & ssall effect on ¢ or k depending on
assumptions relating to how embedment is treated are moot.

11. A review of these documents indicates that the applicant has used
tlementary but antirely adequate spring and dashpot models to mccount for

Soil structure intaraction in the dynamic analyses of the Auxiliary Building
and The Service Water Pump Structure. The applicant's choice of soil properties
to use in calculating interaction parameters 1s ressonable and his decision

to vary parameters + 50X and envelope results is considered prudent and
sufficient to snvelope the effect of any uncertainties in the model or the

2 24

AUL F.
Assistant Chief
Geotechnical Laboratory
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Ro. 31, “Dooln Report for the Borated Weter Storage

;.. Tank Foundation Analysis,” contained in a letter to J. C. Reppler for

J. V. Cook dated 24 Movember 81, 1 also revised portions of the prefiled
testimony of Mr. Robert F. Rennedy concerning the subject tank.

2. 1 found the basic approach, equations, assumptions, snd ranges of
parameters (+ 50X) salected for use in the anslyses very similar to those
described in ay Memorandum for Record of 9 March 1982, subject, “"Review
of The Selection of Poundation Spring Constants and Damping Parameters
for Use in Dynamic Aualysis of the Service Water Pump Structure and the

Auxiliary Building.” I sm completely satisfied with the applicant's method-
ology in the subject area.

3. m’n"ttmt selected € > 13510 kips/eq ft, v = 0,45, and o = 00357
kip-sec®/ftY a5 the #oil properties to use in the analysis. He also decided
to use & + 50X vardation in G . Then he performed analyses in vhich spring
constants (k) and radiation demping parameters (c) were calculated for

su snnulur foundation mat using G = 755 and 2265 kip/eq fr.

&. The borated water storage tank is founded on about 30 ft of fill. The
tank's radius is 26 ft. Thus, the engineering properties properties of the
f111 will comtrol the selection of k's and c¢'s for use soil structure
interaction analyses. Inclosure 1 shows shear-wave velocity V_  data
measured in the plant fi11. The G valuen (min, average, and Bax) selected
by the applicant correspond to strain levels higher than those in the field

V., test. Hence, in order to compare direcctly with field data they should
be Increased 23 to 35%. If this is done the V_  range computed is 500 to
900 fr/esec. As shown by Incl 1, this s dount!uy within the reals of the
data. The value of p 4is consistent with measured densities and the value
of Poisson's Ratio (v) is reasonable. Any uncertainty in ite most appropri-
ate value is more than takan care of by the + 502 variatiom in C wsince

v appears in the form:

L ﬂ-*)ﬁ in the spring constant equations.
(l-v . 7-8Bv

5. In conclusion I am fully sarisfied with the selection of the spring
constants and damping parameter range for the analysis of the borated

vater-storage touks. /‘Z/ % : : P,

1 Inel PAUL F. HADALA
(1] Assisptant Chief
Geotechnical Laboratory
L —
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19 March 1982

Mr. Joseph Kane

US Nuclear Regulatory Commission
Phillips Building

7920 Norfolk Avenue

Bethesda, ML 20014

Dear Joe:

Transmitted herewith is my Memorandum for Record dated 15 March 1982 (Inecl 1),

Sincerely,
L Incl AUL F. HADALA
As stated Assistant Chief

Geotechnical Laboratory
CF:
Mr. Harry Singh, NCD
Mr. Neil Gehring, DET DIST

xtz,*‘,
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® O 80X 831

15 March 1982

SUBJECT: Liquefaction P tential in Areas of the Midland Plant Which the
Applicant Does not Commit to (ermane.’ lv Devater

1. On 12 March 1982 1 received three site drawings ‘rom Mr. James K. Meisenheimer
which {ndicated pipe and duct bank locations and elevations, boring locations
and the areas around the deisel generator building sad the railroad bay of

the auxiliary building which the applicant commits to dewater. The drawings
also show in pen and ink notations near some ol the berings the elevation,
standard penetration resistance, and the standard penetration resistance
required to prevent liquefaction in the safe shut down earthquake. In a
telephone conversation on 15 March 1982, Mr. Meisenheimer said the locations
identified on the drawing were the only places (outside the areas to be
devatered) vhere sands with unacceptably low blow counts have been encountered
at the site,

2. 1 found that numbers reported as standard penetration resistance required
to prevent liquefaction in a safe shutdown earthquake with five exceptions
closely agreed with my own computations by the Sead-ldriss Simplified Method
for the following combination of parameters:

wet unit weight 120 1bs/cu ft
groundwater elevation 627 ft
Ann: ud
Magnitude 5.3
Factor of Safety 1.5

My compitations are given in Incl 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
reported on the drawings in Incl 2.

3. There are a large number of unsatisfactorily low blow counts in cohesionless
solls above elevation 610 on the north west side of the service sater pump and
circulating water intake structures. Since this area will recharge rapidly

1f the dewatering system is inoperable, and since this area contains four
category 1 pipelines supported on or above this liquifiable material 1t {s
recommended that material be removed and replaced with dense cohesionless

or cohesive soil in the following locations:
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WESGA 15 March 1982
SUBJECT: Liquefaction Potential in Areas of the Midland Plant Which the
Applicant Does not Commit to Permanently Dewater

a. Above elevati~n 610 underneath 26" OHBC-55 and 26" OHBC-54 east of
the north-south line deiined by site courdinate line ES575.

b. Above elevation 610 underreath 26" OHBC~19 and 26" OHBC-16 south
of the east-west line defined by the site coordinate line 54950,

2 Inecl ﬁﬁw
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