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Septecher 29, 1978
Hove-183.78

¥ J G Keppler, Regionmsl Director
Office of Inspection and Enforcesent
Region IIX

US Fuclear Reguletory Coz=issica
T95 Roosevelt Road

Glez Ellyn, IL 601137

MIDATD NUCLIAR PLANT -
VIl KO 1, DOCXET NO 50-323
WIT N 2, DOOYET NO 50-330
TTLZINT OF DIZESIL GETRATOR POUIDATIONS AID BUILOTE

Iz szcordance vith the requirecests of 10 CFR 50.55(e), this lester
comstitutes ax {cteris report oo the status of the setilesest of the
dilesel generster foundetions end duildizg.

A duériyttoa of the conditions reletive to the settlezecis snd the
investigetive sctions plarned are docuzented 4o the enclosures %3
this letter.

Anztider report, either (nteriz or final, vill de sert oz or before

Boves=ber 17, 1975.
e . - ’
O Shdee, itk

Enclosures: 1) Quality Assurance Progre=, Managenent Corrective Actics
Report, MCAR-1, Report 2L, deted Septesder 7, 157E.

2) letter, P A Martine: to G § Keeley, BLC-ESTE, MaARe2-,
Interiz Report §1, deted $/22/78, vith stteched repos.

CC: Director, Office of Inspectionr & Enforcemesnt
At€: NMr John G Devis, Acting Director, USHAZ (18)

.mnm:. Office of Mansgecant ; =3
Irforsetioe and Progres Cootrol, USHRC (1) e n W




- e ' QUALITY ASSURANCE PROGRAM wece cap -
» . SCANAGEMENT CORRECTIVE ACTION REPQET
* b o MCAR. 1
REPOAT NO. 24
5 XO8 NO b bl Q NO. 140 DATE 8/2/22

| *DESCRIPTION (Ingiuding relerencesl .

The Bechtel "Foundation Data Survey Prograz” has indicated that the settlesen:

“of the Diesel Generator . ilding has been greater than expected. This has bees
documented in NCR-1437 dated (23/21/78). A preliminary evaluation of scil bering
data f{rom an faovestigatizn being conducted by Project Engineering indicated that the
magnitud’ of the investigative tests and analysis of test results makes this ites

¥ toportable under 10CFRSC.5S e, 1, 1il.

. “RECOMMENDED ACTION (Cptional)

1. Deterzine the asount of settlement of the Diesel Cenerator Building (DS:

and increase the f{requency of foundatiocz survey weasurezents tc find 41f the
settlement 4{s or will be excessive.

2. Deterz=ine the cause of the settlement.
3. If the settlesent 43 or will be excessive, determine vhat sciions are
Tequired to correct the condition and preclude recurresce.

REFEARESTO  [T]ENGINEERING [CJeonstaucmion  [TJoa wanacement [
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. . . | . i Hove-183.78
. - Becn: 'Power Corporztion -
777 Eas Snennower Parcvay

.. Ann ADOr, Mechgan
Mowasovas PC B0 1000, AMMAIDE" MiChgan 48104

September 22, 1978

BLC-6373

¥r. C. 5. Reeley
Project Yazager
CONSTMERS PO-T3 COMPANY
. 1945 Ves: Farzall Road
Jackson, Michigaz 452C1

¥ Qand Poits 1 and 2
Cozsumars Pover Compazy
Bechtal Job 7220
24 s ] e
es 24 4«85

Dear Mz, Reeley:

Attached is Isteriz Repers 1 addressizg the Deisel Gezerater Builiizg
- ¢ Settlesec: as described iz MZAR 24 (dssued September 7, 187E).

As agreed vizh W, X, Bird on September 21, 1578, the sest repers will
be issued Bovecter 3, 1978,

Very t:ruly yours,

Project Masagar
PAM/N@ PP

ee: ¥r. R. C. Baumac
_— Mz, W, R, Bird

&- Jl 1. c‘fll,
*+ Mx, D). V. Marguglic

* Attachsest (5 pages). - W/ i

o) . SEP25 198
e | | QT Assyace



—- . e e com——— . = . et— o —— P —

o — — e+ ot S— et
- - - - -
. e *

Bechtel A .ociates Professional C rporation

" Attachoeat to MLC-6578

SUBJECT: MOAR 024 (Tesved /178
& Settlemazy of the diesel generator foundations and building
INTERIM REPORT ¢ 1
-nartz September 22, 1978
PROJICT: Consunars Fover c.npa;y

Midland Plant Unics 1 & 2
Bechtel Job 7220

Iptroducsion
/ This repert suzmarizes the project’s sctions relating to the settlenant
. of the diesel generator foundations and building as described ia MCAZ

- 424 and RCR 1482,

The £111 material 4a this area vas placed betvean 1975 and 1977,
. Constructics was started on the diesel generstor building in uid~1977.
_tho diesel generator building settluments vere noticed to axceed anticizated
" walues 49 July 1978, The diesel generater building comstruction vas
placed o held en August 13, 1978, A diesel genarator building sedl
boring program vas started om August 13, 1978, " Based on preliminary
soil bering data evaluation, MCAR #24 vas fssued.

The sctions requested by MCAR #24 are being performed as follovs:

1) The Toundation Data Survay Program, Specification 7220-C~76, has
been expanded by increasing the number of data locations and the
frequancy of measurements.

2) The cause of tha settlenent and the corrective actions required teo
preciude the recurrance of this condition will be sddressed after
the testing and monitoring programs have been eveluated.

a | 3) The optiens aveilable to resolve the existing settlemant conditiens
“will be discussed in the Corrective Actions section.
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Bechtel £/ sociates Professional ':rporation

MCAR ¢ 24 INTERDM RIPORDT L
Page 2

Septesber 22, 1978
: Attachoant to BLC-6578

Deficiency

The Bechtel Foundation Data Survey Program (Specification 7220-C-76)

» generated data that indicated the settlement

of the diesel generater

foundations and building vas grester than anticipated. Nonconformance

Repoi: 1682 was generated om August 21, 1978

, deseribisg the settlesexts.

The general foundatior and building sertlements, as of Septesder 19,

1976, are showe on Tigure 1 (attached).

Due to the sagnitude of the settlements obsarved, & seils bering pregras

vas started. Based on the borings completed

to date, the £111 under the

building bas variabdble stresgth properties ranging {rom good to peer.

Furthar clarification of the f111 deficiency

vill be sade vhen the seil

test results have bean cospleted and evaluated.

Ap iodependent soils consultant has been retained to halp 42 the data

evalusticn and feasidility of the corrective

Safety lspitcaciens

sctions.

Large settlemants can pose possidle safaty problems for buildings. A
prelizinary evaluation of soil boring data from tha iavestigetion beizg
conducted indicates that the magnitude of the iovestigative tests and
snalysis of test results makes this ites reportable undar 10 CYR 50.55 o,

1, 144,

 These structures are monitored for settlement a8 part of the foundatien

dats survey program. Bence, any unusval settlemant of the structure
would be detected bafore the diesel generators would be rendared incperalle

due to the resulting distortions.

Activicies in Progress

Several sctivities are in progress to genera
evaluate the feasidility of possible correct
are: '

te information needed to
ive sctions. The sctivities

1)  The Tousdation Dats Survey Progras has been axpanded to Anclude

sdditional sottlienent dats locations as

wvell as monitoring these

dats locations wore frequently. Building time rate of settlienent

curves are being developed based oo thi
standing of the problem.

s datum for & bSetter under~

—— . —



-

| ————— —— ——— —— C———

Bechtel As~ociates Professional C-rporation

MCAR €24 INTERIM REPOA. 1 R
Page )

Septesber 22, 1578

Attachoest te JLC-6578

b))

A boring prograz has been initiated to provide berter definizion of
the fill condirions undear the building and to obtain secil sacples
for laberatory tests. Dutch cone penetration tests are alse baing
parformed under the building area to berter define the variable
streangih propercties of the fill material.

Laboratory tests being performed are:

&, Shear strangth tests to deterzine fill characteristic for
" baaring capacity evaluatien

b.  Consolidation tests to predict building oo:tfcnntt fer the
present fill material

<. Soil cloassifications

d.  Minerslogy tests to evaluate the svelling potential of the
fill material

(1S LLR

This portion of the Bechtal Report 1s deleted

becsuse it contalas & premeture discussion of
POssidle corrective sction options. Specific

options will be i(ncluded 4in sudse reports
folloving » complete evalustion soil ccnlxtt:::;////:///////

- —— — e —— - —
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L’ Page &

Septesber 22, 1978
Auuhnt u B3LC-6578

WIIRILTY

Detailed descriptions of the selected "tuu vill be presented in
nbuqvca: Teports.

Submitted by ZZM

Approved bBy:

Concurrence By

Ji/cap
9/19/6
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ANTHONY J, CAPPUCCI, JR.
PROFESSIONAL QUALIFICATIONS
MECHANICAL ENGINEERING BRANCH
DIVISION OF ENGINEERING
U, S, NUCLEAR REGULATORY COMMISSION

I am a Mechanical Engineer in the Mechanical Engineering Branch, Division
of Engineering, Office of Nuclear Reactor hegulation. In this position, I am
responsible for the technical monitoring ot two technical assistance contracts
a”~ the Department of Energy National laboratories. One at the Energy Technology
Engineering Center (ETEC) for the review of the adequacy of the Final Safety
Analysis Reports tendered in application for an operating license and the other
at the Idaho National Engineering Laboratory (INEL) for the review of Inservice
Testing programs. In addition to this work, I am responsible for the review
of issues pertaining to operating reactors concerning inservice testing of pumps
and valves and the adequacy of‘the test{ng programs concerning RCS pressure
isolation valves for near term operating license applicants (NTOL).

I received an associate's degree in applied science in 1970 and an associate's
degree in Aeronautical Engineering in 1971 from Wentworth Institute in Boston,
Massachusetts. [ received a Bachelor of Science degree in mechanical engineering
from North Eastern University in 1974, While at North Eastern University, I
was a student member of ASME,

Prior to entering Wentworth Institute in 1968, I was an enlisted man in the
U, S. Army on active duty for three years (October 1965 to September 1968). I
was honorably discharged in 1971,

My employment upon receiving my B.S., degree commenced with Bechtel Power
Corporation in Gaithersburg, Maryland in July 1974 and terminated in September
1976, While at Bechtel, I was employed as a Mechanical Engineer assigned to the
control systems group responsible for the design of safety-related instrument
tubing and piping and their supports. This work consisted of reviewing field run
piping/tubing isometrics to determine if the support locations were consistent

with the field specification requirements. In tnose cases where the field run

W 47-., /
by 22 @7 /r. /4
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pipi=g/tuling was out of the specification scope, a stress analysis was performed

using the Bechtel computer program ME-632,

In September of 1976, I joined Potomac Research, Inc. of Alexandria,
Virginia as a Senior Mechanical Engineer ;esponsible for supervising and per-
forming engineering research, design, develcpment and testing, I have performed
analysis and conceptual design of toxic vapor removal system for the U. S.

Army and fault tree analysis of the electric power plant for the Patriot
Missile System, This work included development and analysis of failure rate
data, determination of failure modes and producing combinatorial logic diagrams
depicting these failure modes. Directed and participated in joint Army/Navy
program to design, fabricate, install and interface a "Rider Block Tagline
System" with a 20, ton Bucyrus-Erie 388 crane. Analyzed design and associated
design drawings, performed stréss analysis, designed test apparatus, retrieved
data, and wrote the final report,

In November of 1977, 1 became the Mechanical Engineering Department Manager
with responsibility for the U, S. Postal Service hardware analysis and design
project. My responsibilit’es included managing and supervising a staff of
engineers, designers, checkers and draftsmen, Other duties included customer
Tiaison, contract administration, personnel management, project staffing, task
management, coordination of work processes and project progress reporting.

In June of 1979, I joined the U. S. Nuclear Regulatory Commission as a
member of the Mechanical Engineering Branch performing the work as previously

described.
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Other employment held prior to receiving my bachelor's degree is described

below:
DATES DESCRIPTION

April 1973 to Stone & Webster Engineering Corporation, Boston,

June 1973 Massachuseets. (Coop term) Enginoerin? Aide in
the design of pressure vessels for Nuclear Power
Plants, using ASME Section III and Section VIII.

June 1971 to Avco Everett Research Laboratory, Inc., Everett,

September 1972 Massachusetts. Research Technician. Participatec

in an experiment to separate the uranium isotopes
using lasers, Ran experimental apparatus, did dat
reduction, maintenance, repair an- design of con-
trol equipment. Worked with high vacuum, electron
beam evaporators, lasers, mass spectrometers and
radioactive materials,




MIDLAND RISPONSE TO 10 CFR 50.54 REQUEST
ON PLANT FILL: MEB COMMENTS

With respect to buried and exposed piping subjected to differential
settlement, the ar_licant has profiled and analyzed a few sample
piping runs already. It states that the evaluation of piping

will be completed by June 29, 1979. We believe that at the
conclusion of the preload program, the applicant can make a
reasonably accurate prediction of the expected settlement during
the plant life. The applicant must analyze its essential piping
for the maximum expected differential settlement. This analysis
must be at least as conservative as the criteria ot NC/D-3652.3(b).
Additionally, periodi. monitoring of the settling of these lines
must be performed to detect any unexpected settlement, We will
require that all essential piping runs be profiled initially and
during the long term monitoring program. This includes adjacent

lines laocated in a common trench.

The applicant must perform a more ﬂucntltat*v; assessment to
determine {f the nozzle loads transmitted from the settled pipes

to the attached valves, pumps, tanks, etc., are stil! within

ASME Code allowables. The effect of any increased nozzle loads
upon the operability of active pumps and valves must be determined,
The effect of misalignment on essential equipment due to the
settlement and tilting of buildings must be determined.

The applicant states that the soil properties of the | ' fil)
tend to increase and broaden the peaks of the seismic response
spectra of the varfous buildings. Similarly, other factors under



.2.

active review by the staff (basic g level, shape of ground response
spectra) affect the various building response spectra. The applicant
must reevaluate its seismic Category I mechanical and electrical
equipment for these new and increased seismic loadings when the

overall seismic issue is settled,

Our early assessment is that the effect of settlement upon piping
and other mechanical components may not be very severe. As
discussed above, extensive analyses must be performed to demonstrate
this. If problems are found, we believe the piping and other
mechanical components can be fixed. If the plant's seismic

response spectra are substantially increased by the variation in
s0i] properties or other issues under review, the reevaluation

and requalification of equipment will take one or two years to
perform,
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& :'°, UNITED STATES
SR ed 3 NUCLEAR REGULATORY COMMISSION
3 H WASHINGTON, D. ¢ 20885
- o
% .‘o’
-
o FEB 4 1980

Docket Nos.: 50-329/330
APPLIUANT: CONSUMER POWER COMPANY
FACILITY: MIDLAND PLANT, UNITS 1 & 2

SUBJECT: SUMMARY Of JANUARY 16, 1980 MEETING ON SUPPLEMENTAL REQUESTS
REGARDING PLANT FILL

On January 16, 1980 the NRC staff and its consultants from the u.s.

Corps of Engineers met with Consumer Power Company and Bechtel
Corporation in Bethesda, Maryland. Attendee: are listed in Enclosure 1.
The principal purpose of this meeting was to discuss the status of the
staff's supplemental requests for additional information regarding

plant fill settlement and effects. These requests were issued

November 19, 1979, Earlier requests issued March 21, 1979 were discussed
to a lesser extent. Enclosure 2 is the meeting agenda.

The staff's reouests of March 21 and November 19, 1979 were issued on the
basis of Section 50.54(f) to 10 CFR 50, which is applicable to construction
permits by virtue of Section 50.55(c). The staff's 50.54f position requiring
modification of the Midland construction permits sas subsequently

issued December 6, 1975. Consequently, it was recognized that any

replies outstancing after December 6, 1979 were no longer needed in

the 50.54(f) context, but that replies should be submitted nevertheless
since the December 6 crder states that the absence of certain information
prevents the staff from reaching essential conclusions. It was su gested
that the replies be sudmitted in the normal “Q-1, 0-2" context typically
associated with the radiological safety reviews of nuclear power plants.
The applicant also reported that the December 6 order, its subsequent
request for hearing. and FSAR Amerdment 72 provides the basis for
concluding its 50.55(e) reports regarding this matter, as further reporting
would be by FSAR amendments and by hearing documents, as may be appropriate.
The applicant acknowledged its intent to further update the FSAR to

reflect appropriate changes associated with the soils settlement matter

at an appropriate point in the future; in the interim, those FSAR sections
which are subject to change will be flagged.

Staff comments based upon review of the applicants reply to questions

16 through 20 were provided as a handout (Enclosure 3 hereto). These
comments relate to mechanical engineering effects of the soil settiement

A { A
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Do FEB 4 1880

which are being reviewed with the assistance of a staff's consultant,
Energy Technology Engineering Center.

The proposed responses to questions 24 through 35, 4 and 14 were

summarized by the applicant and Bechtel. Since these responses will be
submitted on the docket within two to three weeks, no summary of these
presentations is provided in this report. The response to questions 25 and
26 involve szismic analyses which require additional time to complete prior
to submittal of a final reply. Copies of the vugraph slides used during
these presentations are maintained by the staff's Licensing Project Manager
and are available upon request.

TR Hoo >

Darl S, Hood, Project Manager
Light Water Reactors Branch #4
Division of Project Management

Enclosures:
As stated

cc: See next page



Consumers Power Company

ccs:
Michael 1. Miller, Esq.
Isham, Lincoln & Reale
Suite 4200

One 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
Secretary

Consumers Power Company
212 W. Michigan Avenue
Jackson, Michigan 49201

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

Mary Sinclair
5711 Summerset Drive
Midland, Michigan 48640

Frank J. Kelley, Esq.

Attorney General

State of Michigan Environmental
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ENCLOSURE 2

MEETING WITH NRC STAFF IN BETHESDA. MD
January 16, 1980

enda

I. INTRODUCTION : Gil Keeley
Purpose of meeting; background, etc
II. WORK ACTIVITY UFDATE: Jim Wanzeck

Summary of work activities and settlement surveys for all Category I
structures and facilities founded partially or totally on fill

III. 10 CFR 50.54(f) REQUESTS
Presentation of Information related to:
Question #4 - Soils Engineering and Civil/Structursl Afifi
Supplemental Questicns #27, 31, 33 and 35 - Coils Engineering
Supplemental Cuestion #2L - Dewatering
Question #lL - Civil/Structural

Ted

Suprlemental Questions #2€, 29, 30 end 34 - Civil/Structurel
Johnson

Supplemental Questions #25 and 26 - Seismic Analysis

IV. FORMAT AND SCHEDULE OF FUTURE RESPONSES (50.55(e), 50.54(f), FS4R)

ATTENDEES:
Bechtel Consumers Fower

S Afifi G S Keeley

T Johnson T C Cooke

S Lo J J Zab=itski
W Paris

M Rothwell

J Wanzeck

K Wiedner

W Ferris

GSKeelcey/cg
1/15/80



ENCLOSURE 3
COMMENTS ON 50.54(f) RESPONSES FOR MIDLAND (MEB)

GENERAL

A review of the Response to Questions 16-20 of the Subject document
indicates that the applicant proposes to impose the 3.0 5S¢ criterion of
subparagraph NC-3652.3(b) of the ASME B&PVC, Section III and the 5%
radial deformation 1imit of the AWWA. Additional criteria which

address buckling of the piping should be imposed since neither of the two
proposed criteria are based on this failure mode. Additionally,
criteria compliance analyses should be based on maximum expected differ-

ential settlement over the life of the plant.

RESPONSE TO QUESTION 16, PAGE 16-1

The response addresses stresses based on representative pipes being
profiled, i.e. on current local settlements. The response should be

modified to include settlements over the life of the plant.

RESPONSE TO QUESTION 17, PAGE 17-1, PARA. 1

If all Seismic Category I piping is not to be profiled, criteria for

selection of piping to be profiled should be documented.

RESPONSE TO QUESTION 17, PAGE 17-2, PARA. 2

The calculation assumes that the curvature is constant over the length
of pipe. In general, this condition will not be met. Criteria for

changes in curvature should be addressed.



10.

W

RESPONSE TO QUESTION 17, PAGE 17-3, PARA. 2

If the settlement stresses are based on current profiles only, the analysis
should be extended to include settlements over the 1{ife of the plant and

effects of change in curvature (See item 3).

RESPONSE TO QUESTION 17

The question regarding measures to be taken to alleviate conditions if
settlement stresses approach code allowables or cannot be determined has

not been addressed.

RESPONSE TO QUE. TION 18, PAGE 18-1, PARA. 2 & 3

It is not clear that most of the anticipated differential settlement will
occur by the time of final closure (Para. 2). Provisions for effects of
settiements occuring after final closure should be specified. The

evaluations of Para. 3 addresses this issue partially.

RESPCNSE TO QUESTION 18, PAGE 18-2, PARA. 2 & 3

Criteria 7or assessment of the flexibility of piping to accomodate more

than the expected differential settlement should be specified.

RESPONSE TO QUESTION 19, PAGES 19-1 TO 18-3

The disposition of this response will be delayed pending recefpt and
review of evaluations based on the preload program (See last paragraph

on Page 15-3).

RESPONSE TO QUESTION 20

The first paragraph of the response is acceptable. However, the remainder

of the response requires clarification.
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January 25, 1980

Mr. M. 0. Rothwell
Bechtel Power Corporation
P.0. Box 1000

Ann Arbor, MI 48106

MIDLAND PROJECT GWO 7020 -
SOILS RESPONSES TO 50.54(f) QUESTIONS
File: 0485.16 UFI: 00234(S), 71%01 Serial: CSC-4763

After discussions in Bethesda, Maryland, with the NRC on January 16, 1980,
and the CP/Bechtel discussions in Ann Arbor on January 22, 1980, the fol~-
lowing areas should be clarified and/or amplified in our responses to the
50.54(f) questions.

1. J, MWanzeck should clarify the slide shown in Washington to indicate the

L//Jiy the tank foundation was placed and it should be noted that this is
a six month settlement update only. This can be accomplished possibly
via an MCAR update or old question response update,

Z.Z/zer/fii;dgcd quarter inch diesel fuel oil tank settlement needs to be

rifiei or deleted from wherevir it was supposedly reported to the
NRC. (J. Wanzeck)

3, S. ALifi, in the response to Question 4, should explain that table 4-1

#" is a projection (show totals only) and not what the strusture can stand.

‘.

He will also relocate this table to Question 27.

8 should verify that "to date" settlement plus additional future
ectlement will cause no problems to the diesel generator structure in
the response to Question 14.

4.,8. Afifi will indicate how we arrived at the half-inch figure for settle-~
/ ment caused by vibration of the diesel generator pedestals due to opera-
tion of the dissel generators. 1In response to Question 27, Dr. Woods

analysis to include his method of calculation will be utilized.

S. §. Afifi will delete the word "clay" from the third line under note on
table 4-1. (Renumbered 27- ). He will also include the total settle~
ment graph instead of only the portion utilized for predictions l:;'-;;.r.-.'*e-m

St Sl -
/=581 | defy D W g R
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Table 4-1 footnote 2 (Renumbered 27- ) - S, Afifi will explain how
he settlement of the borated water storage tank is based on measure-
ments of the Diesel Generator Building settlement here and in the
response to Question 31.

7. The individual best fit curves projecting diesel generator setclement
al¥ow no margin for standard deviation on the best fit. Therefore,

is appears to be unconservative. We need to amplify the fact that
the curves assume the surcharge remains and that the worst data points
are utilized for total settlement. This also would, of course, include
something on the worst settlement being utilized for differential settle-
ment calculations and their affect on the structure and connections.
S. Afifi will add some discussion to amplify the conservative aspects
and a statement on the piezometer in response to Question 27.

8. Our outline of response to Question 27 states: Iter B. basis for accuracy.
The ou e will be changed and one sentence will state that the basis
for gccuracy is conservatism. We do not appear to be getting the response
acrgss on the borated water storage tanks. It is necessary to show that
soil is adequate in more concise terms. S. Afifi will add emphasis
o the acceptable quality of the soil and that filling the tanks is only
eing done to verify the settlement prediction. It will be noted that
/ this is not a soils problem; rather it is more like normal practice. We
~ also have to verify that the tank foundation is adequate and that we will
not have the problems which could arise if the foundation should somehow
fail and you would have a subsequent stretching of the bottom membrane of
the tank followed by a tear in the tank wall. All loads must be considered
in this analysis. We should also state that we do not have the same
degree of randomness in the soil as was present in the Diesel Generator
Building. S. Lo will provide analysis to show that the tank foundation
will be able to withstand seismic events. §. Afifi will do more research
on the overiosd test necessity.

9. Oup-response to Question 33 needs to be amplified to include the effect
‘ bouyancy on the load tests and what effect the lack of water (if any)
from site dewatering will have on the tank settlement. Possibly there
will be a retest after dewatering (S. Afifi).

10. B. Paris will address whether or not there will be any effect on the ulti-
mate heat sink pond seal due to site dewatering in response to 24. f£. and
note why we are using timers instead of float switches in the pumps in
response to 24. c., utilizing Loughney's input. The basis for the grada-

\ tion of the gravel pack material will also be addressed by B. Paris in

\ the response to 24. d. The slide for the individual wells freeze protec~
tion on the riser pipes will be shown by B. Paris on the response to
Question 24.

11. S. Lo, K. Wiedner and T. Johnson will show thar’all past loads have been
accounted for in the analysis of the futupe ¥ertlements of the Category I
structures in response to Question 28 and 29. The NRC questioned whether
the stress induced by differential settlament in the past was now locked

-
C— ——
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in the structure and additive to future loads, such as, additional settle-
oant, seismic, etc. Our response will include some crack investigative
depth core drilling and analysis of relief of stress due to identified
positive remedial measures.

12. /A response on the Q-ducts has to include an analysis as a category one
structure. It was noted that this may not have been used as criteria in
1970, however, in 1976 this was checked per BC-TOP 4. This will be in-
cluded in our response to Question 30. (5. Lo)

13. The response for 24. c. will include an analysis for the concrete service
vater pipes in the cooling pond and any other concrete pipes embedded in
. the class one fill. 1In the 24. c. response, B. Paris will also note that
/  concrete pipes are generally away from critical structures and discuss
probability failures.

14.  After considerable discussion, it appears that the NRC is desirous of

'/ having Bechtel's proposed detailed method of analysis for the seismic
. event (Question 25). Bechtel will provide their normal analysis for new

soils conditions under affected category I structures. (M. Rothwell)

Bechtel plans a lump mass analysis to include an envelope for settlement.
/In discussing Question 26, the NRC noted that they are not in a position

,/ to adopt new methods or codes at this point in time, however they (on
their own) wish to compare the new methods with earlier analysis to estab-
lish some level of margin. S. Lo's analysis will be complete sometime in
mid 1980.

15. Miscellaneous:
A. General

A review of the response to Question 16-20 of the subjec® document
indicates that the applicant proposes to impose the 3.0 Se criterion
of subparagraph NC-3652.3(b) of the ASME B&PVC, Section III and the
5% radial deformation limit of the AWWA. Additional criteria which
address buckling of the piping should be imposed since neither of the
proposed 2 criteria are based on this failure mode. Additionally,
criteria compliance analyses should be based on maximum expected dif-
ferential settlement over the life of the plant.

B. Response to Question 16, Page 16-1 (Civil)
4 response addresses stresses based on representative pipes being
profiled, i.e.; on current local settlements. The response should be
modified to include settlements over the life of the plant.

C. Response to Question 17, Page 17-1, Paragraph 1 (Riat)

If all Seismic Category I piping is not to be profiled, criteria for
seclection of piping Lo be profiled should be documented.
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D. Response to Question 17, Page 17-2, Paragraph 2 (Riat)

The calculation assumes that the curvature is constant over the length
of pipe. In general, this condition will not be met. Criteria for
chenges in curvature should be addressed.

Res

‘nse to stion 17, Page 17-3, Paragraph 2 (Riat)

If the settlement stresses are based on current profiles only, the
analysis should be extended to include settlements over the life of
the plant and effects of change in curvature (See item C).

F. Response to Question .7 (Riat)

The question regarding measures to be taken to alleviate conditions if
Settlement stresses approach code allowables or cannot be determined
has not been addressed.

G. Response to stion 18, Page 18-1, Paragraph 2 and 3 (Riat)

It is not clear that most of the anticipated differential settlement will
occur by the time of final closure (Paragraoh 2). Provisions for effects
of settlements occuring after final closure should be specified. The
evaluacions »f Paragraph 3 addresses this issue partially.

H. Response to Question 18, Page 18-2, Paragraph 2 and 1 (Riat)

Criteria for assessment of the flexibility of piping to accomodate more
than the expected differential settlement should be specified.

I. Response to Question 19, Pages 19-1 to 19-3 (Civil)

The disposition of this response will be delayed pending receipt and

review of evaluations based on the preload program (See last paragraph
on Page 19-3).

J. Response to Question 20 (Riat)

The first paragraph of the response is acceptable. However, the remainder
f the response requires clarification.

T. C. Cooke
Project Superintendent

TCC/ps
Attachment: Attendees List
CC. CAHunt KWiedner (Bechtel) ou.hr (Bechtel)

GSKeeley SAfifi (Bechtel) LCurtis (Bechtel)
DBMiller ABoos (Bechtel) LDavis (Bechtel)
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Preliminary Evaluation of 50.54(f) Responses for Midland (MEB)

GENERAL

A review of the Response to Questions 16-20 of the Subject document
indicates that the applicant proposes to impose the 3.0 Sg criterion of
subparagraph NC-3652.3(b) of the ASME B&PVC, Section III and the 5%
radial deformation limit of the AWWA. Additional criteria which

address buckling of the piping should be imposed since neither of the
proposed 2 criteria are based on this failure mode. Additionally,
criteria compliance analyses should be based on maximum expected d:ffer-

ential settiement over the life of the plant.

RESPONTE TO QUESTION 16, PAGE 16-1 1y
The response addresses stresses based on representative pipes being .o TR
profiled, i.e. on current local settlements. The response should be . ; s E; K
modified to include settlements over the 1ife of the plant. ;3*(ﬁ~
,

RESPONSE TO QUESTION 17, PAGE 17-1, PARA. 1 s
If all Seismic Category I piping is not to be profiled, criteria for Np;:::;.,  -
selection of piping to be profiled should be documented. G ~:- f ;» , &0 "

Juio ™S

RESPONSE TO QUESTION 17, PAGE 17-2, PARA. 2 )

The calculation assumes that the curvature is constant over the length
of pipe. In general, this condition will not be met. Criteria for

G -
changes in curvature should be addressed. S‘utﬂ’ﬂ:" .,
pry” e : iz

K [ r.bcc

 prai . il

i
/
4



el

RESPONSE TO QUESTVION 17, PAGE 17-3, PARA. 2

[f the settlement stresses are based on current profiles only, the analysis
should be extended to include settlements over the 1ife of the plant and ,)

.

effects of change in curvature (See item 3).

RESPONSE TO QUESTION 17

The question regarding measures to be taken to alleviate conditions if '&,}\
settiement stresses approach code allowables or cannot be determined hasﬁ)_

not been addressed.

RESPONSE TO QUESTION 18, PAGE 18-1, PARA. 2 & 3

It is not clear that most of the anticipated differential settlement will {
occur by the time of final closure (Para. 2). Provisions for effects OfJLL

settlements occuring after final closure should be specified. The

-

evaluations of Para. 3 addresses this issue partially. w'

~E

\4

N 4

RESPONSE TO QUESTION 18, PAGE 18-2, PARA. 2 & 3

~

Criteria for assessment of the flexibility of piping to accomodate more

’\' A “A %\’”
than the expected differential settlement should be specified. hxf\x )

J‘pjt.\‘
RESPONSE TO QUESTION 19, PAGES 19-1 TO ]9-%

-

The disposition of this response will be delayed pending receipt and v;f J‘F \

review of evaluations based on the preload program (See last paragraph ' ‘% S e

on Page 19-3).

RESPONSE TO QUESTION 20

The first paragraph of the response is acceptable. However, the remainder

of the response requires clarification. 2 M
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in TARK-TAILURE 51UDY
By Ruy A. Eell,’ M. ASCE aud Jun Twakinl®

IntRODUCTHON

An investigation into the possible causes that led 1o the failure of Tank T-270,
a 315,000 bbl (50,000 m’) oil-storage tank in Japan, included a comparative
study of the sentlanent behavios of 33 large tanks on soft ground sites in Japan
and other countrics. The comparative study included the cvalvation of the
measured tank-shell and tank-floor scitlcments with respect to the ult plane
of the tank shell. The results of these comparative studics provide cmpirical
data on the behavior of many tanks that expericnced large settloments yet
continued 10 perform satisfactonly and on a few tinks that failed. Some of
the factors that were thought to have contributed 1o the failure of Tank T-270
are described. Many tanks that expericaced more scvere settlements than Tank
£-270 did not fail, yet some movements that occured in and below the floor
of Tank T-270 probably contributed 1o its failure.

It is hoped that the data presented in this paper will provide a basis of comparisoa
for others who may want 1o cvaluate the possible severity of the settlement
behavior of tanks for which they are concerned. Acceptable tolerances of tank
movements that have been suggested by others are summarized. These methods
arc all empirical. They appear to be valid for properly designed and constructed
1anks on the bases of these additional case studics.

Fanune of Tanx T-270

On December 18, 1974, the 172t (52.3-m) diam, 78-Nt (23.7-m) high, hot-oil
storage Tank r-270 a the Mitsubishi Oil Company Ed't_ncl“y_‘_ia“Mifpshjm»a.
Note. Discussion open until July 1, 19%0. To cxtend the closing date one month,
o wisthen reguest must be filed with the Manager of Technical and Profe-sional Publications,
ASCE. This paper 15 pant of the copynghted Jonrnal of the Geotechmcal Faginccring
Div e won, Procecdings of the Amencan Socicty of Civil Engincers, Vol 106, No G 12,

February, 19%0. Manuscipt was submitted for review for possible publication vn May
9, 199,

'Sc. Fogr., Dames & Moore, San Nancisco, Cahf,

Tstgr, Civ. Fogrg Dept, Chiyoda Chemical Togrg. and Comtiuction Co. 1id,
Yol Yama, Japan.
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o, gt . Phe contents Mooded much of the wclincry property and flowed
o the adpacont Totand Sca cawing sovere damage 1o the fiebing oy,
ooa sl the 20 B /day sclise sy was shet dowa for abowt 9 months,
oty bocame of puldic seaction. Ry e time the ichinay was pannaitied to
e epcrateon the s cndont had cost the scfimary more than $150,000,000,
Ihe Fadure mchded scpatation of welds along about 1LS It (3.5 m) of the
Lm0 ) thick, anld steel ik Noor, a 3.5 1t (1,06 m) long tear thiough
< 12 m. (12 mm) thack Tagh strength steel annular plate, and a 12-t (12.8 m)
vg icar thiough the annular plate along the base of the inside shell weld
«annmlar plate. The edges of the mptured bottom plates were bont dowa
oW 22S m ) m) mite a cavity eioded ito the tank pad as the contonts
Twed throwgh the muptored arca. The fadure oconred approx 7 months afier
he tank had been placed i service The consequences of the Falure were
catly apgravated by the collapne of a staie tower that had beea constiucted
Yecent 1o the tank The stair tower and its foundation were washed into the
te of the concicte Block fire wall causing it to rupture, thus permitting the
atcnts 10 Mow oot inte the relinery arca and beyond,

Tasx T-270 Founoavion ano L oaome Conmmons

The tank was constructed on a site that had been developed by placing weak
ydeanlic Bl matenials over weak natural deposits that totaled about 50 ft (16
Jm thickness. Prior to tank construction the site was preloaded with a sand - drain,

oM point, carth il surchargs program. The supposting soils were improved
"y controfled water testing of the tank . A cross section of the tank and subsuiface
il profile is shown in Fig. 1,

Approximatcly 3,000 sand drains, cach 43/4 in. (120 mm) in diamcter, 56
fi (17 m) Yong, and spaccd 4 ft (1.2 m) C 1o € were installed below the tank
sl prioe 1o the prctoading  ogram. An carth Gl preload about 15 It (4.5
) thack was placed on the tank site. Wellpoints 1-1/2 in. (38.1 mm) in diamecter,
27 £ (B3 w) long, and spaced at 5-ft (1.5-m) intervals sarrounded the preload
1M Thice vacomm wells were installed near the center of the surcharge.

The water table was pomped down about 18 ft (5.5 m) so that together with
the carth Bl there was an effective preload equivalent to about 43 i (13 m)
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512 TAHK IARURKL ST1uby 155
of water Joad above Lok Moor clovation. The conter of the prow. . aca
sctthed abwut 35 an. (859 wm) and the porimcter portion at the plaancd Louk
shall Toction sottled about 24 25 i (610 s 711 mm) in a ponod of about
2 months. A starch of the prctosd s hodule snd scttfement s showa in | @2 2.

The domed roof tank was crcoted by the tank ainhft (FAL) method in which
the soof and vpper course of shell are faluicated fust, then Wicd by aic that
is Mluwn into the tank us the remaining lower courses of steel shell are welded
wito place. The last weld was thereforz at the bottom of the shell 1o annular
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FIG. 2.- Tank Y-270 Preload Schedulo and Sottlomonts

foor plate. The poor quality of this weld was evaluated as onc of the primary
factors that contiibuted to the canse of the failure.

The poition of tank pad below the tank shell consisted of a ring of concrete
blocts over a ting of crushied stone. The remainder of the pad was compacted
sand abont 6172 ft (2 m) thick. A crovs section of the as-built tanl. pad derail
is shovn in Fig. 3,

The tank woas Allcd incrementally with sea water with increasing loading ahout
evary 10 days 1o a final depth of 77 fi 235 m) over a period of 90 days.
Doving the vater testing v hen the water was 40 ft (12 m) deep (20 Aoy 30
days it the water teu) an evesvation was mele for a B0 by 15 £ (O Yy,
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+ cr fand o g 1o the best fit rigid-settlement tilt planc of glac
::“'I.:‘u:-' s:::‘:::l: l;:“:(‘:‘; values of 8° signify the out-of planc distortion
d‘,ach wettlement measurement point as defined by. Bellon, et al. 2‘).'(.«:
Appendiv 1 for solution of best fit rigid-scttlement tilt planc and calculation
.‘:h;:’ Tank 1-270 shell settlement was about 20 in. (508 -m). and the ccn‘::t
of NMoor settfement was about 2% in. (711 mm) during water testing plus u'm! o'f
4w (102 mm) during product seivice. Both the tolfi amounts and .r:.' cs‘“
settfement can he theoretically lccmM:::m u; Q:c. ba:: :“r ::::x:nm‘ k:n ‘.‘
Sonl tailure or plastic deformations are nceded to B
havior. The measured settlement configuration .of Tank T- a y
: :..:ct testing, when the highest ioadmg was applied and when ll_lc npz:l?‘
soils were still consolidating and gaining strength, show-s‘ no m‘ e
foundation soil failure. Also, the fact that 20 other large-diamete h

about the same height and on essentially the same soil and foundation conditions

Ay 0“"‘ Y
R i A W 50"'“““
o s"‘tn\‘ » WY e
"7 !
P - . e
1 k’.‘ g5 LU
- ”f\ |-‘\ L "" ‘.; O:; ooz,
'm)'l'u '."iu’i““?':?
Land 1974 ."‘ 1975
» !t:?p b mar - A Wy - ol - amg- sep ot -wew #7c
30 2

FIG. 7 —Tenk T 270 Product Load snd Temporature Record

at the Mizushima Refinery, performed satisfactorily vo-l‘_ l::d'to m the
e that the failwic of the Tank T-:‘M was not tl:;t;:; soil ;:::'h p;,;,‘

N tank was in serv about .
ﬁ.:‘::-::‘ ::d::‘l‘:::di:gchhl from ncar empty to ncar '.:):h(“mgu;::
umes nch’.o.& Product temperature ranged ffomh.hom 70° o
of the product load and temperature is shown n Fig. 1; 'l\: cy‘u.‘- s
of luwl at high temperature was judged to have also contributed to

by causing humping of the Noor plates and fatigue of the metal in the annulyr

plate where failure took place.
A companion tank,

et extemive experiments involving strain mes

i tracted next
aumber T-271 of the same size was cons
¥ TAL method, was waler
’ t\»?NMtknum.by&cm? . .
:'\" -:‘“ exeas ed under for 3 stair-tower foundation installation, and placed

: B e ) i, but it was taken out of service
i pearly identical service It did not fa B i ()

-

Gn2 TANK FAILURL STUDY 159

Tanx T-270 Fanunt lvesncanon ano Corvananve Srura |

Following the failure of Tank 7-270 a committce of experts on various aspaots
of tank and foundation design and construction from industry and the acadenic
communitics of Japan performed extensive investigations into the causes of
failure . Prior to making these investigations and prior to identifying the vavious
causes that have alieady been mentioned, the commitice issued a preliminary
report citing the many possible things that could have contributed to the failure.
Their prehminary report indicated the suspicion that a foundation {vilure (soil-
bearing failure) or excessive foundation scttlement, or both, may have caused
the acadent.

At this time, on behall of the tank foundation designers and constructors,
the writers conducted an evaluation of the foundation stability and scttlement
behavior. Data on foundation soil properties, preload settlements, water-test
settlements, and foundation stability from Tanks 7-270 and T-271 were analyzed
and compared with similiar data from other large tanks at the Mizushima relinery
and from other sites in Indonesia, Puerto Rico, lran, Canada, England, and
the United States plus data taken from the litcrature on nine other tanks. A
total of 33 Luge storage tanks on soft-ground sites were studied. Technical
information for each tank: size, roof type, floor crown, foundation soil properties,
water test load, and settiement behavior is summarized in Fig. 8

Tank Tiling. Fig B includes the best-fit rigid-setilement tilt angle for those
cases where sufficient edge scttlement readings were available to make such
a calculation. As shown, three tanks, cases F, P, and R 4, ulicd (9.84%, 0.40%
and 0.34% , respectively) more than the T-270 tank (0.30%). These tanks remained
in scrvice without releveling. Other tan' s, Cases O and R-5, tilted twice as
much as the T-270 tand, but because of more severe differcntial floos scttlements
these tanks wore releveled. I is the writers” opinion that the tilt experienced
by Tank 1-270 was insignificant from an opcrational standpoint. Greenwood
(10) supgested that an average tilt of possibly more than 0.5% of the best-fit
rigid-settlement tilt plane could be experienced before the differential product
storage loading, due to tilting, would induce out-of roundness at the top ring
girder of a Noating roof tank

Differential Shell Settlement.- - Fig. 8 also contains various shell scttlement
information, including the maximum out of planc edpe scttlements as defined
by Belloni, et al (1), In their method, the maximum change in slope between
thice adjacent scttlement points on the shell is comput o in relation o the
best fit nigid settlement tilt plane through all the shell-settlement measurement
points. Of the cases histed in Fig 8, the only tants that required releveling
of the shell becanse of ont-of-plane settlement were T-16 in Case 5 and Case
R-2. No dotailed settlement records were available to us for Case R-2, and
we understand some faulty ercction procedures in Case 5 may have been more
infle ntial than the differential stoN settlements. Nevertheless, the maximum
out-of-planc diffarential settlement of Tank T-16 in Case 5 was 0.25%. The
maximmm out of-plane differential settlement of the T-270 tank at the maxininm
water te ot Joad was 0025 whereas it was 0.20% at the maximum water load
for Tan' 1270, Bclloni, et al. (1) sureest as a “wort o 2 hypothe 0" a vala

07, ava sfe opcistine value for brape favios goof ten's. They at »
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« re with respect to the best-fit rigid-scttlement tilt plane of gbc
:k:l.:c‘ s'i:'::'. T 6\.":1: valucs of 8 signify the oslo‘pl.mc distortion
of each scttloment measurement point as defined by Bellon', el al. () (gc
Appentic 1 for solution of best-fit rigid-scttlement tilt planc and calculation
s Tank 7270 shell sculement was ahout 20 in. (508 mm) and the center
of Noor setflement was about 28 in. (711 mm) during water testing plus .oott:t‘
4w (102 mm) during product service. Both the mgl..uﬂs.o‘valcs
scttlement can be theoretically sccounted for on the basis of nuk.e‘ﬂ analyses.
Sdlmcﬂ'bukﬂcnmmodm‘f‘hxm fumm
behavior  The measured settlement configuration of Tank T-270 at .
d-artmmakwmvuw.dm&_cm
ﬁ.-mﬂmﬁmm.mnm

."“ r“’

5 I' !i 'E E

' 1w i e Pa E
LR HI A
'lgi "":’E"é

- 1975
» ..:.‘pn- ;'.
2 E

ncmmd‘cuﬁutsu‘hﬁ;ndwmhkmm
- where failure took place. ;
":c‘:—:'u-ml.-ﬁnfnl dﬂewmme-md?nn
w Tanl 1-‘””*;‘*.”*“?&“‘ .ﬂha‘.:s':::;
A exvavated for a staw e e o s
of the shell

Wt ’
ates e arly identical service It did not fail,

e rmive experiments invelving Srain Srawmscmeats
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Tanx T-270 Fanvis vt sucanon ano Coroananv: Sruons

Following the faiturc of Tank T-270 a committee of €xperts 0n various aspots
of tank and foundation desipn and constiuction from industry and the academic
communitics of Japan performed extensive investigations into the causes of
failuic Prior 10 making these investigations and prior to identifying the various
canscs that have already been mentioned, the committee issued a prehminiry
report citimg the many possible things that could have contributed to the failure
Their prelminary report indicated the suspicion that a foundation failure (soil-
bearing failurc) or excessive foundation scttlcment, or both, may have caused
the academt

At this time, on behalf of the tank foundation designers and constructors,
the writers conductcd an evaluation of the foundation stability and settiement
behavior. Data on foundation soil propertics, preload settlemonts, water-test
settlements, and foundation stability from (anks T-270 and T-271 were analyzed
and compared with similiar data from other large tanks at the Mizushima refincry
and from other sites in Indonesia, Pucrto Rico, lran, Canada, England, and
the United States plus data taken from the litcrature on ninc other tanks A
total of 3V large storage tanks on sofi-ground sites were studicd. Technical
information for cach tank: size, roof type, Mloor crown, foundation soil propertics,
vater test load, and settlement behavior is summarized in Fig. 8.

Tavk Tilting.. Fig. 8 includes the best-fit ngid-scttlement tilt angle for those
cases where sufficient edge settlement readings were available to make such
8 calculation. As shown, thiee tanks, cases F, P, and R-4, tilted (0 84%, 0.40%
and 0 3%, respectively) more than the T-270 tank (0.30%). These tanks remained
in service without scleveling. Other tanks, Cases O and RS, tilicd twice as
much as the 1-270 tank, but because of more severe differential floor scttlements
these tanks were refeveled. It is the writcrs” opinion that the tilt experienced
by Tank T-270 was insignificant from an operational standpoint. Greenwood
(10) sugpested that an average tilt of possibly more thau 0.5% of the best fit
nigid scttlement tilt plane could be experienced before the differential product
storape loading, due to tHing, would induce out-of -roundncss at the top ring
girder of a Noating roof tank.

Differsential Shell Setthoment.— Fig. 8 also contains various shell scttlement
information, including the maximum out-of planc edge scttlements as defined
by Rellont, et al. (1) In their method, the maximum change in slope between
thece adjacent scttlcment points on the shell s computed in relation to the
best-fit migid-settlement til plane through all the shell-settiement measurcment
pownts OF the cases listed in Fig. 8, the only tanks that required releveling
of the shell because of out-of-plane settlement were T-16 in Case § and Case
R-2. No detailed scttlement records were available to us for Case R-2, and
we understand some faulty erection procedures in Case § may have been more
nMucatisl than the dffcrential shell scitlements. Nevertheless, the maximum
out of plane differcntial settlement of Tank T-16 in Case § was 025%. The
marimmm ont-of planz diffcrential scttlement of the T-270 tank at the maxinim
water test boad was 005G whereas it was 0.20% at the maximum water loud
for Ton? T 270 Bellomi, et al. (1) suzpest as a “working hypothen™ a vale.
* « - o . - Lo fostine goof taa's Th
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SEISMIC ANALYSIS

GENE

(1) RESPONSE SPECTRA PRESENTED IN FSAR
(2)  STICK MASS MODELS WITH FOUNDATION SPRINGS g

(3)  MATERIAL DAMPING VALUES PRESENTED IN FSAR (MODAL
DAMPINS LIMITED TO 10% EXCEPT RIGID BODY MODES)

(4)  SPECTRUM RESPONSE AND TIME HISTORY MODAL ANALYSES

DIESEL GENERATOR BUILDING

(1) ORIGINAL (V, = 1360 Fps) - ONE ANALYS!S EQUIPMENT
SPECTRA WIDENED BY + 15%

(2)  NEW (V. = 500 rps) - NEW SPECTRA WILL ENVELGP ROTH
Vo = 580 Fps AND 1360 rps
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SEISMIC ANALYSIS

SERVICE WATER BUILDING

(1) ORIGINAL (V, = 1360 rps BASE CASE) THEN G VARIED
BY + 501 - EQUIPMENT SPECTRA ENVELOP

() NEW (V. = 1380 #ps) - PILING IS MODELED FOR VERTICAL ‘
DIRECTION AND TORSION IS CONSIDERED

AUXILTARY BUILDING (IncLupe GCONTROL TONER AND ELECTRICAL
PENETRATION AREAS

(1) ORIGINAL - ONE ANALYSIS USING COMPOSITE FOUNDATION SPRINGS
WITH EQUIPMENT RESPONSE SPECTRA NIDENED BY + 152

2)  NEW - ONE ANALYSIS INCLUDING CAISSONS UNDEP ELECTRICAL

PENETRATION AREAS, EQUIPMENT RESRONSE SPECTRA
WIDENED BY + 252
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CONSUMERS POWER COMPANY
MIDLAND UNITS 1 & 2 - JOB 7220

DIESEL GENERATOR BUILDING

® ORIGINAL ANALYSIS

Elastic Modulus (ksf) 22,000
Polsson Ratio 0.42

Unit Welight (pcf) 135

Shear Wave Velocity (f/s) 1,389

® NEW ANALYSIS

Based on & Lower Bound Shear Wave Velocity of 500
ft/sec. The Design Forces end Floor Responses will
Envelope the Original and New Analysis

Elastic Modulus (eff) (ksf) 2,646
Polsson Ratio 0.42

Unit Weight (pcf) 120

Shear Wave Velocity (i/s) 500

G 1038 01
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MIBLAND PLANT UwITS 1 & 2
JOB wO. 1220
plEsey cEnrravon T

FLOOR RESPONSE SPECTRUM o -
MASS POINT

" OBE_S_2IC CROUND ACCTLERATION
(SSE BSE MULTIPLILR OF 2)
DANPING RATIO: /.07

AT FLEV, ty*
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MIDLAND PLANT UNITS 1 8 2
CONSUMERS POWER COMPANY

DITSEL CENERATOR BIDC
FLOOR RESPONSE SPECTRUM

POUNE _1)-2  DATE 4 24.79
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SERVICE WATER STRUCTURE
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