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ENCLOSURE 7

UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

SEP 20 =8

MEMORANDUM FOR: Richard H. Vollmer, Director
Division of Engineering

FROM: Darrell G. Eisenhut, Director
Division of Licensing
SUBJECT: CVALUATION OF THE LANDSMAN CONCERNS FOR MIDLAND

Your letter of September 8, 1983 (Enclosure 1) provided a revised schedule
for the DE wurk plan regarding the Landsman concerns. While I find the
proposed schedule acceptable I feel compelled to emphasize that we must
ensure that no further slippage occirs.

[ am also in receipt of a letter from Billie Garde (Enclosure 2) that
indicates their understanding that several staff members hac "strong
feelsings about the approval by the DGB resolution.” Please consider
this letter in your ongoing review.

Dafre]l 6. Eisenhut, Director
Division of Licensing

Enclosures:

1. Volimer memo to DGEjsenhut
8/8/83

2. B. Garde to DGEisenhut
7/16/83

41 8403517
IA

EB&-96 "DR



UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20355

MEMORANDUM FOR: Darrell G. Fisenhut, Director
Pivision of Licensing, ONAR

FROM: Richard H. Vollmer, Director
Division of Engineering, ONRR
SUBJECT: EVALUATION OF LANDSMAN'S CONCERNS REGARDING

DIESEL GENERATOR BUILDING AT MIDLAND

1. Memo, Eisenhut to Keppler, June 27, 1983
2. Memo, Vollmer to Eisenhut, July 21, 1983
3. Memo, Landsman to Warnick, July 19, 1983

References:

Due to schedule confiicts between the Diablo Canyon Review and this effort on
Midland which affects the personnel from Brookhaven National Laboratory (BNL),
OE must reschedule the completion of the Midland DGB review from September 28
to October 15, 1983. During the month of September, the BNL personnel will
partially be comitted to Diablo Canyon reviewing ITR's, preparing testimony
and taking depositions. If you de not concur with slipping this effort to
accommodate the demands of Diablo Canyon, please advise accordingly.

Enciosed is a revised Work Plan for the completion of the DE evaluation of
the Landsman's concerns. The ASLB (via OELD) should be advised of the
revised schedule for completion.

Richard H. Yollmer, Director
Division of Engineering, ONRR

Enclosure:
As stated

cc: H. Denton
J. Knight
G. Lear
P. Kuo
N. Romney
C. Tan
E. Adensam
0. Hood

CONTACT: N. Romney, SGFR
49-28987 ‘




ENCLOSURE

Midland NPP Diesel Generator Building Review

August 24 - 25, 1983

September 8, 1983

Septenber 13, 1983 (AM)

September 12 - 13, 1983

October 15, 1983

Work Plan

Task Force - Site Visit - Completed

Rinaldi
Kane

. Matra

. Harstead

Task Foarce meet with:

[ Ry e, |
- -

Task Force meet with R. Landsman
(Ann Arbor, Michigan)

Task Force conduct audit of Midland DGB
(Ann Arbor, Michigan)

Issue Report of Findings



" GOVERNMENT ACCOUNTABILITY PROJECT
Institute for Policy Studies

. 1901 Que Street. N. W, Washingzon. D.C. 20009 (202) 234-9382

August 19, 1983

Mr. Darrell G. Eisenhut, Director
Division of Licensing

Office of Nuclear Reactor Regulations
U.S. Nuclear Regulatory Commission
Washiagton, D.C. 20555

Dear Mr. Eisenhut:

On August 10, 1983 you responded to my Aug. 8, 1983 request for
information regarding the review group formed to ~onsider the concerns
of Mr. Ross Landsman. On Aug. 11, 1983 during : public meeting on
the Construction Completion Plan (CCP) 70U indicated that a review
of the NRR Engineeriny Division had iniicated no support or agreement
with Mr. Landsman. Mrs. Barbara Stamiris, the Citizen Intervenor
on the soils settlement ("OM") proceedings inquired specif:.cally
about Mr. Joe Kane of your office and a consultant, Dr. Sing, of
the U.S. Army Corps of Engineers. Yo indicated that you were not
aware of whether or not those indivi.nals had been asked or not.
Please inform Mrs. Stamiris and mys«s £ of the answer to that question.

More specifically, it is our clea - understanding that several
members of the Engineering Staff in both the Region and in headquarters
had very rtrong feelings about the approval of the DGB resolution.
We expect your technical review to includa the past concerns of
both Regional and headquarters engineers. Furthermore, since the
concerns about this issue and its resolution are of interest to
Congress, the local intervenors and GAP we respectfully request
that your office issue an Interim report, allow time for review
and comment by the public, and hold at least one open meeting pric»
to the issurance of the final report on this subject.

A final concern we wish to raise with your office deals with
the background of the individuals you have nominated to complete
the review of Dr. Landsman's concerns. All of the people selected
are structural engineers. Dr. Landsman of course, is a geo-technical
engineer. Clearly, any review team should contain professional
fepresentation from Dr. Landsman': discipline, and suggest that you
appoint an independent geo-technical consultant to review the work
of your engineers.

Finally, we concur with Mr. Robert Warnicks suggestion contained
in his July 21, 1983 memo to you that "all related correspondence and
the resulting report(s) and documentation should be placed in the
public document rcom and distribution list."
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Thank you for your extraordinary promptness to my August 8, 1983
letter, it was a pleasant surprise. I look forward to an equally
pleasant substantive report on the DGB from your office.

Sincerely,

Billie Pirner Garde
Citizens Clinic Director

wgw



UNITED STATES RS SIS "V R N
NUCLEAR REGULATCRY COMMISSION ;

WASHINGTON D. C. 20555 l,-;-----l_ !
bk Ociober 11, 1983 LN " CYAE
Docket Nos: 50-329 OM, OL 18 M -
and 50-330 OM, OL
MEMORANDUM FOR: The Atomic Safety and Licensing Board for the
Midland Plant, Units 1 & 2
FROM: Thomas M. Novak, Assistant Director
for Licensing
Division of Licensing
SUBJECT: SUPPLEMENTARY NOTIFICATION REGARDING DR. LANDSMAN'S

CONCERNS FOR THE MIDLAND DIESEL GENERATOR BUILDING
(BN £3-153)

Board Notifications 83-109 and 33-142 have transmitted the MRC staff's plan to
address the concerns of Dr. Ross Landsman of Region III recarcing the structural
adequacy of the Midland Diesel Generator Buildine (DGB). These Notifications
are ceemed to rrovide information material and relevant to safety issues in the
Midland 0M/0L proceeding, including testimony by members of the NRC staff and
staff consultants during the December 10, 1982, hearing session.

This Boara Notification 83-153 further supplements the information regarding
Dr. Landsman's concern, and is provided for your information. Enclosure 1
provides a reply by Mr, J. P. Knight to inquiries (Enclosure 1 to Knight's
memorandum) by Mr. R. Vollmer as to (1) whether or not any members of

Mr. Knight's staff, or ceasultants thereto, share Dr. Landsman's concerns that
the DGB is inadecuate to return to service from a safety point of view, and

(2) whether or not any of these individuals snare Dr. Landsman's specific tech-
nical concerns, notwithstanaing their judgement that the building is saf2 for

operation,
. % g{/'
n Thomas M.”Novak, Assis®ant Dircctor
/] for Licensing
Division of Licensing
Enclosures:
As stated
%
/




DISTRIBUTION LIST FOR BOARD NOTIFICATION

Midland Units 142,
Docket Nos. 50-329/3230

Charles Becithoefer, Esq.
Ms. Lynne Bernabei

Lee L. Bishop, Esq.
James E. Brunner, Esq.
Dr. John H. Buck

Myron M. Cherry, P.C.
Dr. Frederick P. Zowan
T. J. Creswell

Steve J. Galder, P.E.
Dr. Jerry Harbour

Mr. Wayne Hearn

Mr. James R. Kates
Frank J. Kelley, Esq.
Christine N. Koh!l, Esq.
Mr. Howard A. Levin

Mr. Wendell H. Marshal}l
Michael I. Miller, Esq.
Thomas S. Moore, Esq.
Mr. Paul Rau

Ms. Mary Sinclair

Ms. Barbara Stamiris

Frederick C. Williams, Esq.

Atomic Safety and Licensing
Board Panel
Atomic Safety and Licensing
Appeal Panel
Docketing and Service Section
Document Management Branch

ACRS Members

Or. Robert C. Axtmann
Mr. Myer Bender

Dr. Max W. Carbon

Mr. Jesse C. Ebersole
Mr. Harold Etherington
Dr. William Ker~

Dr. Harold W. Lewis
Dr. J. Carson Mark
Mr. William M. Mathis
Dr. Dade W. Moeller
Dr. Milton S. Plesset
Mr. Jeremiah J. Ray
Dr, David Okrent

Dr. Paul C. Shewmon
Dr. Chester P. Siess
Mr. David A. Ward




MIDLAND (For BNs)

Mr. J. K. Cook

Vice President

Consumers Power Company
1945 West Parnall Road
Jackson, Michigan 49201

cc:

Stewart H. Freeman

Assistant Attorney General

State of Michigan Enviornmental
Protection Division

720 Law Building

Lansing, Michigan 48913

Mr. Paul Rau

Midland Daily News

124 McDonald Street
Midland, Michigan 48640

Mr. R. B. Borsum :
Nuclear Power Generation Division
Babcock & Wilcox

7910 Woodmont Avenue, Suite 220
Bethesda, Maryland 20814

Mr. Don van Farrows, Chief
Division of Radiological Health
Department of Public Health
P.0. Box 33035

Lansing, Michigan 48909

U.S. Nuclear Reygulatory Commission
Resident Inspectors Office

Route 7

Midland, Michigan 48640

Mr. Pau! A, Perry, Secretary
Luns'mers Power Company

212 W. Michigan Avenue
Jacksen, Michigan 49201

Mr. Walt Apley

c/o Mr. Max Clausen

Battelle Pacific North West Labs (PNWL)
Battelle Blvd.

SIGMA IV Building

Richland, Washington 99352

Mr. I. Charak, Manager

NRC Assistance Project
Argonne National Laboratory
9700 South Cass Avenue
Argonne, I11inois 60439

James G. Keppler, Regional Administrator

U.S. Nuclear Regulatory Commission,
Region 111

799 Roosevelt Road

Glen Ellyn, I1linois 60137

Mr. Ron Callen

Michigan Public Service Commission
6545 Mercantile Way

P.0. Box 30221

Lansing, Michigan 48909

Geotechnical Engineers, Inc.
ATTN: Di~. Steven J. Poulos

1017 Main Street

Winchester, Massachusetts 01890

Billie Pirner Garde
Director, Citizens Clinic

for Accountable Government
Government Accountability Project
Institute for Policy Studies
1901 Que Street, N.W.
Washington, D. C. 20009

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

White Oak

Silver Spring, Maryland 20910

Mr. L. J. Auge, Manager

Facility Design Engineering

Energy Technology Engineering Center
P.0. Box 1449

Cancga Park, California 91304

Mr. Neil Gehring

U.S. Corps of Engineers
NCEED - T

7th Floor

477 Michigan Avenue
Detroit, Michigan 48226
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MEMORANDUM FOR: Richar¢ H. Vollmer, Director
Division of Engineering

FROM: James P. Knight, Assistant Director
for Components & Structures Engineering
Division of Engineering

SUBJECT: MIDLAND

This is in response to your note of August 15, 1983 asking if any
members of my staff, or our consultants, share R. Landsman's concerns
that the Midlana diesel generator building is inadequate for its
intended service and whether they share any of his specific technical
concerns,

A task group, including consultants from Brookhaven National Laboratory
(BNL), was formed under the supervision of Dr. P. T. Kuo of the NRL
staff to conduct a reevaiuation of the staff's position with regard to
acceptance of the Midland diesel generator building. Upon receiving Or,
Landsman's statement of concerns, dated July 19, 1983, members of the
MidTand review staff, and consultants named below, were given copies of
Or. Landsmen's memo. Their initial reactions were that Dr. Landsman's
statement contained no new information and that their previous
sentiments, as discussed further below, remained unchangaed. On |
Septenber 8, 1983, the task group consisting of Dr. Kuo, Dr. C. P, Tan |
and Mr. N. Romney of the NRC staff, with the assistance of Urs. C. A.

Miller, C. J. Constantino and A, J. Philippacopoulos of ENL, conducted

individual interviews with Mr. J. Kane, NRC staff, Or. L. rdeller, NRC

staff, and Mr. H. Singn, Corps of Engineers, and a greup interview with

Mr. F. Rinaldi of the NRC sta€f, 6 Mr. J. Matra of the iiaval Ordinance

lLaboratory énd Dr. G. Harstead of Herstead Associctes. These

individuals represent to the best of our knowleuge a'l members of the

NRC staff and ovr consultants who were principally invulved in the

review activities associated with the Midland diesel generator building.

As you know, the ta:zk group solicited all informaticn and cpinions

related to the diesel generator building in addition to comments on Dr.

Landsman's statement,

The results of all interviews conducted in this effort are being
compiled as a part of the overali task group report which is scheduled
to be completed in October, 1983, It is my undorstaadin? that the
sentiments expressed by these indi,iduals were essentia ly the same

sentiments contained in the staff and consultant testimony before the
Atomic Safety § Licensing Board; Mr. Rinaldi, Mr. Matra, Dr, Harstead,
Mr. Kane and Mr. Singh were among the staff and consultant witnesses on
this matter. Although 1 nd Mr. Sin

satisfi i _aspects of the analyses perform:d by the




Richard H. Vollmer -2 -
SEP 23 1233

applicant, and some of these same aspects were echoed by Dr. Landsman in
his July 19, 1983 statement, none of these individuals have made a final
assessment as to the acceptability of the diesel generator building for
its intended service because they feel that the basis for such a
Judgement is incomplete.

Consistent with the hearing record, Dr. Harstead, Mr. Matra and Mr.
Rinaldi reiterated their judgement that the diesel generator building

was structuralTy acceptable for service, t.e., would remain structurally
functional under design loading conditions.

The task group met with representatives of the applicant at the offices
of Bechtel Corporation in Ann Arbor, Michigan and went to the site on
August 24 § 25, 1983. The task group returned to the Bechtel offices in
Ann Arbor on September 12 8 13, 1983 for a further audit of the
calculations employed to investigate the predicted performance of the
diesel generator building. Both of these meetings were preannounced
public meetings; however, there was no attendance by members of the
public. Dr. Landsman was also interviewed by the task group on

September 13, 1383.

et - - James P.\#night, Assistant Director
for Components & Structures Engineering
Division of Engineering

Enclosure:
R. Vollmer's Note to J. Knight
dated 4ugust 15, 1983

cc w/encl:
¥, Denton
D. Eisenhut
.I. NJVLk
t. Adensam
G. Lear

0. Hood

L. Heller
T. Kuo
Rinaldi
Kane

< Tmo
. .



9, UNITED STATES

o’ 8 NUCLEAR REGULATORY COMMISSION
H WASHINGTON, D. C. 20555
&

Sognld - August 15, 1983

NOTE TO: Jim Knight

With respect to the Landsman issue, I would like to know if any of your

staff or consulta.ts share Landsman's concerns that the Midland Diesel

Generater Building is inadequate to return to service from a safety peint

of view, i.e., inability to meet design requirements. I would also like

an answer to the broader ques.ion: do they share any of his specific

technical concerns even though their bottom line judgment would be that |
the building is safe for cperation. %

[ would like to discuss this with you on August 22nd.

Lot e

, R. Vollmer




November 22, 1983

Docket N 50-329 OM. OL DISTRIBUTION:
cket Nos: 50- " LLELLE LR
* Docket Nos. 50-329/330
and 50-330 OM, OL Y
nsam
MEMORANDUM FOR: Darrell G, Eisenhut, Director \fmd
Division of Licensing TNovak
MDuncan
FROM: Darl S. Hood, Project Manager

Licensing Branch No. 4
Division of Licensing

SUBJECT: RECOMMENDATION FCR SUPPLEMENTAL BOARD NOTIFICATION
REGARDING MIDLAND DIESEL GENCRATOR BUILDING

Board Notificatfon 83-165 dated October 26, 1983, transmitted the report of a
special task group on the re-evaluation of the structural design and construc-
tion adequacy of the Midland Diesel Generator Building (DGB). The re-evaluation
had been prompted by the concern of Dr. Landsman in BN 83-109, Also, BN 83-153
dated October 11, 1983, had transmitted a reply to an inquiry by NRR's Director
of the Division of Engineering as to whether or not any member of that Division
or NRC consultant shared Dr. Landsman's specific technical concerns.

Review of the task group's report by others, and the NRC's internal process of
soliciting comments on the Applicant's Proposed Findings of Fact and Conclusions
of Law on Remedial Soils Issues, have resulted ‘n recent comment: on the DGB
which are materia’ and relevant to issues before the Board. The commen*: fur-
ther indicate the views o7 NkR members and consultants v2garding Dr. Lardsman's
concerns as expressed in BN B3-153. Because of the contents of the task
group's "eport, but also, in part, because of these supplemental comments, the
NRC staff stated during the Midland OM-OL hearing session of November 13, 1982,
it would advise the Boird by December 1, 1983, of its position or the nead to
recpen the record on the special task groun's ie-review of the D38, The staff
also noted Gur’ng the November session that if it takes the position that the
reccry need not be re-.pened, 1t will file responsive findings with respect to
the DGB on December 9, 1982, As part of this decision process, Messrs J. Kane
and F. Rinaldi were requested to provide comments on the task group’s repcrt
and to provide their recommendation as to whether of not the hearing should be
reopened. Both replied November 18, 1983. I recommend that the Board be

notifiad of these supplemental comments relative to the DGB. These are
discussed below.

Kov2g gy
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Comments of Joseph Kane op Applicant's Findings

The task group's report, in part, discussed the results of an interview
with Mr. J. Kane: '

"With regard to the structural analyses using actual settle-
ment Jata, Mr. Kane nbserved 70-80% of the cracks to be in
areas where the analyses indicated areas of high stress.

Mr. Kane has Cocumentes his concerns in memos dated August 2
1983, and are included in Attachments 1 and 2." [page AII-Sj.

In Attachment 1 of the task group's report, page 2, Mr. Kane noted he per-
sonally had serious problems and questions with a report documenting an
analysis performed by an NRC consultant, the U.S. Naval Surface Weapons
Center (NSWC), and explained why he had not pursued his concerns at that
time. He acknowledged that the staff position does not rely on the results
or conclusions of the NSWC study.

In Attachment 2 of the task group's report, second paragraph, Mr. Kane
questions why total settiements were used in the NSWC study to compute
maximum stresses and movements in checking for areas of cracking.

Mr. Kane noted the need to clarify this with NSWC and re-examine computed
stresses and movements with available crack mepping. He also noted that
in several of the walls there does appear to be correlation of cracks with
high stress areas and that this shoulg be discussed with NSWC.

Supplemental ‘nformation regarding the absve concerns in BN 83-165 is con-
tained in a memorandum from 6. Lear dated October 14, 1983, which transmits
to OELD the Geotechnica! Engineering review conments on the applicant's
proposed findings of fact and conclusiors of law regarding technical
aspects of the OM-OL proceeding. The comments were prepared by J, Kane.
On page 12 (Enclosure 1) Mr. Kane notes the results of his examination of
the results of the NSKC report and attaches a table showing the result:c of
his comparison from which he concludes that in the majority of locations,
cracks do appear in the identified areas of high stress. Mr. Kare notes
the need to resolve this difference w'th NSWC, and that if his conclusions
are correct, "both the arplicant's findirgs and the hearing record need to
be corrected in order for the Board to make the proper findings."”

I recommend that Enclosure 1 be forwarded to the Midland Board for supple-
mental information to BN £83-165 and BN 83-153, even though the staff did
not rely on the NSWC study nor the applicant's analyses, for its conclu-
sfon regarding the adequacy of the DGB. The information is potentially
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relevant since the concern, {f valid, would be contrary to other informa-
tion on tne record, which if relied upon by the Board, could lead to
improper findings or cause the issue to be viewed in a different 14ght.
Specifically:

The NSWC report (Consumers Power Company Exhibit 30) concluded, in part,
that:

"the analyses show that other areas [other than at the durt bank
areas] of the DG” walls still have high stresses and in all pro-
bability should also be cracked. But no cracks were observed in
these areas.” [Statments in brackets and underlining added.]

and that:

"2. The measured settlement values imposed on the analytical models
resulted in very high stresses (over ten times yield) in areas
where no cracks now exist. Thus indicating that this settle-
ment value more than 1ikely was not seen by this structure.”

Similar statements are made in the hearing by J. Matra of NSWC (Tr. pp.
11094 - 11127) and K. Wiedner (Tr. p. 10815).

Comments by U.S. Army Corps of Engineers

Mr. G. Lear's memorandum of November 16, 1983 (Enclosure 2) transmits to
LB #4 an October 28, 1983, coverletter from the Corps. of E.gineers (COE)
with two memoranda containing the corments of H. N. Sinoh, Hr, Singh's
commer.ts further explain why "the Corps 1s not in a position to certify
the adequacy of the structure.” Mr, Singh expresses numerous differences
with the Applicants proposed findings of fact, and presents significant
conclusions of his own. For exauple, Mr. Singh finds "surcharaing hes
created major structural distress in oifferent parts of the bu'lding,”
ees “The Agpl1cant'< derisior tr cast concrete {20 complete conttruction
of the DGB! during the surcharge coes nct comply with the sound construc-
tion practices.* ... "There has been considerable warping of the s*ructure
during and subsequent to the removal of the surcharge” ... "nuwerous
cracks which have developed due to the settiemert have been ignored for
the purpose of stress evaluation.® ... "The soil spring constant used in
the analysis is not approprizte” ... "It is clear from the east wzll that
all the cracks which are inclined and have developed after the release of
the duct banks are shear cracks® ... "Obviously, all of the Applicant's
analyses are erroneous. If the structure can not be correctly analyzed,
that is not a justification to declare it structurally adequate.®

Enclosure 2 is also relevant to the Board because as & ¢ sit document,
it may cause the Board to view the Corps' position on the in a dif-
ferent light.



Corments of J. Kane on Task Group's Report and Recommendations to

I11.
Reopen Rearing .
In Enclosure 3, Mr. J, Kane notes numerous conflicts between hearing
testimony and the Task Group's report. Paragraph 4C of Enclosure 3 states
that an incorrect conclusion has not yet been brought to the Board's atten-
tion. Mr, Kane presents several reasons why the hearing should be reopended
on the DGB. Enclosure 3 speaks for itself as to why it s material and
relevant to the issues before the Board. Accordingly, the Board should be
notified of this document,
Iv. Evaluation of F. Rinaldi on need to Reopen Hearing
In Enclosure 4, Mr, Rinald{, using the same criteria as Mr. Kane in 111
above, reaches the contrasting view that the hearing record need not be
reopended on the DGB. The fssue of whether the Task Group's report pro-
vides a sufficient basis to reopen the hearing is material and relevant
to issues before the Board. Hence, Mr. Rinaldi's views should be for-
warded to the Board.
/54
Darl S, Hood, Project Manager
Licensing Branch No, 4
Division of Licensing
Enclosures:
As stated
cc: See next page

DL:LB #4
DHood/hmé
ll/.“ /83




UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D C 20588 ‘(3—7
P OCT 14 183 H/

MEMORANDUM FOR: William D. Paton, Attorney e
Office of the Executive Legal Director

FROM: George Lear, Chief
Structural and Geotechnical Engineering Branch
Division of Engineering

SUBJECT: GEOTECHNICAL ENGINEERING REVIEW COMMENTS ON THE
APPLICANT ‘S PROPOSED FINDINGS OF FACT AND
CONCLUSIONS OF LAW - MIDLAND PLANT

We have enclosed the final phase of geotechnical engineering fnput on
Midland's Finding of Fact 1n response to OELD request. Comments ] through

23 wera previously provided to you 1n my memos of September 27, 1983 and
September 30, 1983. The enclosed comments cover our review of the Applicant's
Findings cn the Borated Water Storage Tanks, Diesel Fue) 011 Tanks, Under-

ground Piping, Liquefactinn and Dewator1ng. Slope Stability of Baffle and
erimeter Dikes and the Diese) Generator uilding.

The enclosed comments were prepared by Joseph Kane (28153) who may be " .
contacted 1f you wish to further discuss the comments.

ﬁ
.{' Y] 4(/. /{j&f
A Good' e Lear, Chief
'7~' Structural and Geotechnical
Englreering Branch
Division of Engineering

€c: w/attachment
R. Vollmer
J. Knfght
T. Sull#fan
<. zam

~Lear
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actual Finding discussions. Because of the above effects we feel
major revisfons to the Applicant's Findingg are needed in order to
sdequately reflect the Staff's SER positions and conclusions in
the NRC Findings.

911501.Gcnera;or Building

61.

(Page 134, Par. 166). In this paragraph the Applicant's Findings cite
the results of the Naval Surface Weapon Center (NSWC) study which
uitimately concludes that when the measured settlement values are
imposed on the analytical models of the DGB, very high stresses result
fn areas where no cracks now exist. In response to this study
conclusion, we have examined the results of the NSWC report. As indicated
in the attached tahles where we have compared the areas of high stress
computed by the NSWC with areas of recorded cracking (visible signs of
potential structura) distress) our conclusions in this review indicate
that in the majority of locations cracks do appear in the identified
areas of high stress. Because the NSWC conclusions are so significantly
different from our conclusions we feel it 15 necessary to resolve this.

difference with the NSWC. 1f our conclusfons are correct we fee! both

the Applicant's Findings and the hearing record need to be corrected in
order for the Board to make the proper Findings.




Compari'son of Computed Nigh Stress Areas with Recorded Cracked Areas

WEST CENTER WALL

Observations of J. Kane in Cemparison of Cracked Areas

with High Stress Area

NSNC Computed High Period of Fig. 14-2 Mapping Figs. 28-2 and Fig. 49 Mapp’a Conclusions on Compari
Figure Stress Areas Measured December 1278 28-3 Mapping July 1981 e oo
Settlement Dec 1978;
Sept 1979 to
Jan 1980
N On south side®@ 3/28/78 to *No cracks shown Crack observed in Same crack Cracks do appear in all
below E1. 650 8/15/78 or 12/78 Map 9/79 is recorded observed in KSWC identified areas of
{presurcharge) in this area and  9/79 is again high stress when incre-
is identified as rzcorded in 7/81. mental seltlements for a
3 crack due to given time frame are
structura! imposed and the latest
displacement crack mapping (July 1921)
is used.
» On north stde@ 3/28/78 to  *Crack shown in No cracks shown  Cracks shown in
below EV1 650 8/15/78 12/78 Map on 9/79 Map 7/81 Mapping
(presurcharge) Tf comparision 1s 1imitec
to.available maps closest
n On nort!, side@ 8/78 to 1/79 *Cracks shown in  No cracks shown  Cracks shown in :
- to dates of measured
‘ ] iv
above E1 634 ‘(presurcharge) 12/78 Map on 9/79 Map :{?tha::t;as::: et it She Srouhl
of 12,78 “pm appear in 4 out of the
sracks 6 |oc:t:o?s (s:own by
. asterisks) of high
35 On north side®) 8/78 to 1/79 : *Crack shown in . No cracks shown  Cracks shown in ::::::':e re"t;:s::::dul‘;t
below E1 650 (presurcharge) 12/78 Map on 9/79 Map 7/81 Mapping 12/78, not observed in
37 On north side(:) 1/79 to 8/79 Fig 14-2 Mapping not ‘*No cracks shown Cracks shown in  9/79 but reappear in saux
above E1 634 (Surtharge applicable as it pre- on 9/79 Mapp 7/81 mapping and locations in 7/81 could
Period) . dates this period of slightly extend mean the cracks were
" settlement . Ag‘ggsnapped missed in 9/79.
. ‘ .
-2 i *Crack shown in Same crack observed
» - sou;? 2322(2) 1479 ;o 8479 zlg'llzlfc::gg.ng 9/79 map and is in 9779 is again
e v u:c i identified as recorged in 7/81.
eriod) structural dis-

placement crack.

4




Comparison of Computed iligh Stress Areas with Recorded Cracked Areas

CENTER WALL
B ~ Observations of J. Kane in Comparison of Cracked Areas
with High Stress Area
NSWC Compuled Wigh Period of Fig. 14-2 Mapping Figs. 28-2 and Fig. 49 Mapping ~ Conclusions on
Figure Stress Areas Measured December 1978 28-3 Mapping July 1981 3
Settlement Dec. 1978; L
Sept 1979 to
Jan 1980
3 On north side@  3/28/78 to Cracks shown in Cracks shown and Cracks shown in
above E1. 634 8/15/78 12/78 Map : increase from 7/81 Mapping
(presurcharge) 12772 to 9/79 Cracks do appear in §
out of the 6 locations
32 On north side(@  3/28/78 to Cracks shown in Cracks shown and Crack shown in  where NSWC has computed
below E1. 650 B8/15/78 12/78 Map increase from 7/81 Mapping areas of high stress
(presurcharge) 12/78 to 9/79. and on crack maps
with dates clesest
kX ) On: north side(i} 8/78 to 1/79 Cracks shown in -~ Cracks shown Cracks shown to the veriods of
above E1. 634 (presurcharge) 12/78 Map and increase in 7/81 Mapping measured
from 12/78 settlements.
to 9/79.
35 On north side(D 8/78 to 1/79 Cracks shown in Cracks shown and Cracks shown in
above E1. 634 (presurcharge) 12/78 Map increase from 7/81 Mapping
3 12/78 to 9/79. >
north side 1/79 to 8/79 Fig. 14-2 Mapping Cracks shown and Cracks shown in
" gzov: El. 634(:> " (Surcharge not applicable as increase from 7/81 Mapping
Period) it predates this. 12/78 to 9/79
period of !
settiements
de 1779 to 8/79 Fig. 14-2 Mapping No cracks shown  No cracks shown
" ggo::“:'l‘s;u@ (éurcharge not applicable . on 9/79 Map on 7/81 Map
Peribd) ! .




Co-parlson. of Computed High Stress Areas with Recorded Cracked Areas

CAST CEXTER WALL
Observations of J. Kane in Comparisiom of Cracked Areas
with High Siress Areas
NSWC Computed Wigh Period of* Fig. 14-2 Mapping  Figs. 28-2 and Fig. 49 Mapping Conclusions on Compar
Figure Stress Areas Measured December 1978 26-3 Mapping July 1981
Settlement Dec. 1978;
Sept. 1979 to
Jan 1980
n On south s'de %= Location of high stress
below El1 663 is unreasonable for this
(not reasonadle stage of construction.
since wall f{s Ho comparison therefore
built only to can be made.
E1 656 at this
time).
32 On north side GD 3/28/78 to *Cracks shown ilo cracks Cracks shown Cracks do appear in al)
below E1. 650 8/15/78 in 12/78 shown in 9/79 in 7/81 Mapping HSHC identified areas of
{presurcharge) Map high stress when
incremental settlements
n On north side@ 8/78 to 1/79  *Cracks shown in No cracks shown  Cracks shown in  for a given time
above E1. 634 (presurcharge) 12/78 Map in 9/79 Map 7/81 Mapping frame are imposed and
. the latest crack
mapping (July 1981)
is used.
35 Cn south stde@ 8/78 to 1/79 *Cracks appear very Crack shown in Crack shown in
above 1. 640 (presurcharge) close to this 12/78 Map 7/81 mapping €ir comparison is limited
location in 12/78 to available maps
Map closest to dates of
measured settlements,
then cracks appear in
3 out of the 5 locations
(shown by asterisks) of
1 high stresses.
7 On north slde@ 1/79 to 8/79 Fig. 14-2 Mapping *No cracks shown Cracks shown in
above E1 640 (surcharge not applicable as in 9/79 Map 7/81 mapping
period) it predates this
period of setilement :
- in *Crack shown in Crack shown in
39 On south side® 1/79 to 8/79 Fig. 14-2 Mapping 12/78 Map but not 7/81 Mappina m

above E1. 634

(Surcharge
Period)

not applicable.

in 9/79 Hap
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D C. 20855

NOY 1 61983

MEMORANDUM FOR: Elinor Adensam, Chief
Licensing Branch No. 4
Division of Licensing

FROM: George Lear, Chief
Structural and Geotechnical Engineering Branch
Division of Engineering

SUBJECT: ~ CORPS OF ENGINEERS MEMORANDA ON DIESEL GENERATOR
BUILDING - MIDLAND PLANT

We have recently received the attached letter from P. McCallister, Chief,
Engineeriig Division, U.S. Army Corps of Engineers which 1s dated October 28,
1983 and includes two enclosures that pertain to the Diese) Generator Building
at the Midland plant. The enclosures were originated by the Corps reviewer
for the Midland project, Mr. Hari N. Singh.

The October 28, 1983 letter and two enclosures are being forwarded to DL
for your information and appropriate 1icensing action.

We plan *o address the items identified in the two enclosures to the
October -8, 1983 letter, where they are appropriate, in our future input to
NRC Findings of Fact for the Diesel Generator Building.

.';/

-/ p "V? . ,/
George Lear, Chief
Structural and Ge~technical

Engineering Branch
Division of Engineering

Attachments:
As stated
cc: w/o attachments w/attachments
R. Yollmer 6. Lear
, D. Eisenhut L. Heller
! J. Knight P. Kuo
wD. Mood
- F. Rinaldi
o’ J. Kane
vl
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NRLY YO
ATTENTION OF

Design Branch

SUBJECT: Two Memoranda Concerning the Midland Nuclear Power Plant

Mr. George Lear

U.S. Nuclear Regulatory Commission

Chief, Hydrologic and Geotechnical Engr Br
Division of Engineering

Mail Stop P-214

Washington, D. C. 20555

Dea2r Mr. Lear:

Attached are two memoranda providing Corps of Engineers comments regarding
the recent controversy over the ctructural adequacy of the Diesel Generator
Building (D.C.B.). These memoranda are Midland Nuclear Power Plant, Midland,
Michigan dated 28 September 1983 and Applicant's Proposed Finding of Fact and
Conclusions of Law on Remedial Soils Issues-Midland Nuclear Power Plant, Midland,
Michigan.

Sincerely,

é;:u;aac_. =
Enclosures —";f‘::;.111.;¢’f‘;7“;,
Chief, Engineering Division

”~



NCDTD-G 28 September 1983

SUBJECT: Midland Nuclear Power Plant, Midland, Michigan

TO: File

FROM: H.N. Singh

l. The controversy over the structural adequacy of the Diescl Generator
Building (DGB) of the Midland Nuclear Power Flant led the formation of an
Indesendent Review Commi:tee of four experts by the Nuclear Regulatory
Conmission.

2. Pursuant to an interagency agreement between the U.S. Army Corps of
Engineers (the Corps) and the U.S. Nuclear Regulatory Commission (NRC), whizh
became effective in September 1979, we have reviewed the geotechnical aspects of
the Midland Nuclear Power Plant, and have concluded that the DGB has not been

. correctly analysed (H.N. Singh's testimony of 10 December 1982 before the U.S.
Atomic Safety Licensing Board, ASLB). Therefore, the Corps is not in a position
to certify the adequacy of the structure.

3. The NRC geotechnical experts have also concluded that the effects of the
foundation settlement have not been considered in the analyses, therefore, the
structural analyses performed by the Consusers Power Company (CPCO) are uot
appropriate. Dr. R. B. Landsman of the NRC Region III office has testified to
this aspect before the Congresszan Udall's subcommitte, and before the ASLB.
Mr. J. D. Kane, Principal geotechnical Engineer of the NRC also expre.sed his
concern before the ASLB hearing on 10 Decamber 1982.

4, On B September 1983, I was called upon by the newly formed Independent
Review Committee to apprise the committee of the Corps’ concerns regarding the
DCB.

S. 1 informed the Committee that the details of wy concerns are provided in my
testimony of 10 NDecember 1982 before the ASLB, and in the Corps' report of
7 July 1980, and 16 April 1981. An abstract of the Corps' concerus are:

a. The CPCO has not considered the effect of differential settlement of the
DGB in structural analyses.

b. The DGB has numerous cracks on its walls. These cracks have reduced the
rigidity of the structure, therefore, the effects of crackinz must be considered
in structural analysis.

r
c. CPCO method of computing stresses in the reinforcing bars on the basis
of the crack width is not approyriate.

P
6. A list of concerns resulting from the review of the CPCO's "Proposed
Findings of Fact and Conclusions of Law in the Midland Proceeding™ is inclosed.

Lead Reviewer
Midland Nuclear Power Plant
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SUBJECT: Applicant's Proposed Findings of Fact and Conclusions of Law on
Remedial Soils Issues = Midland Nuclear Plant, Midland, Michigan

The Corps of Engineers has reviewed the subject report. The following are the
comments:

l. Para. 91: The main reason for uneven settlement of the Diesel Cenerator
Building (DGB) is variable soil stiffness resulting froe poorly compacted soil.
No doubt, the duct banks did contribute to unequal settlement in the beginning,
but there has been significant uneven settlement subsequent to their release
from the walls in December, 1978.

2. Para. 92: The major cracks in the east wall of the DCB developed subseguent
to the release of the duct banks [rom the building. The number of cracks drior
to the release of the duct banks are shown in Attachment #2 of the original
testimony of H. N. Singh. This attachment shows only 1C cracks on the east
wall, but today there are 16 cracks on the wall.

3. Para. 92: The settlement of the D.G.B. after the release of the duct banks
is not uniforn as claimed by the Applicant in the last sentence of this
paragraph. As shown in Attachment No.=2 (Fig-2) of the testimony of

Mr. H. N. Singh, there has been consideradle differential settlement after the
release of the duct banks.

4, Para. 93: The settlement of the D.G.B. during the surcharge has created
many cracks, (Singh's original testimony 0=9). On the east wall, the nuzber of
cracks increased from 10 to 16. Therefore, the surcharge did reduced the struc-
tural integrity of the D.G.B. The Applicant has not considered the settlezent
in his structural analyses (Singh testified before ASLD on 10 Dec 1982 to this
aspect), and has not been able to demonstrate the adequacy of the D.G.B.

5. Para. 95: Partially saturated soil will not consolidate as saturated clay
8s claip~’ by the Applicant in this paragraph. The Corps of Engineers' concern
as to this matter was communicated to the Applicant through the Corps' resort of
7 July 1980 para. 62(a).

6. Para. 96,97, 98: We do not understand the intent of providing the contents
of these three pargraphs. The matter described is well-known., Every soil
engineer knows when primary consolidation {is completed, and the secondary portion
of :on'oltdatlon continues as a straight line when plotted on logarithizic time
scale.

7. Para. 99: Surcharging of a completed or partially completed structure is
not a well established and widely accepted technique as claimed by the Apslicant
in this paragraph. A number of precedents described in Dr. Peck's testimony are
nothing but surcharging of foundations; the portions of structures which are

e — o —— . .
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#CDED=GC
SUBJECT: Appolicant's Proposed Findings of Fact and Conclusions of Law on
Remedial Soils Issues - Midland Nuclear Plant, Midland, Michigan

affected by the differential settlement were not completed. The case of the
D.G.B. is entirely different, where almost entire structure was completed during
the surcharge. Therefore, surcharging has creafed major structural distress

in different parts of the building.

8. Para. 102: The surcharge did not produce adequate stresses in the foun~
dation soils to negate the effuct of future loads (devatering etc.) on the
settlement. This has been substantiacted by the excessive measured settlement
after the plant area was dewatered to elevations less than 595.

9. Para. 103: It is not a sound engineering practice to cast concrete, when
the structure is woving (settling). The Applicant's decision to cast concrete
during the surcharge does not comply with the sound construction practices.

10. The piezometer readings and the shape of the consolidation curves did not
confirm that all the excessive pore pressures wer¢ dissipated. The reasons are
given in the Corps of Engineers report of 16 April 1981 (Qurstion Nol 40).

11. Para. 106: To limit the accuracy of survey instruments (transit) to 1/8"
is too high to be realistic. The normal measuring devices in leveling instru-
ments can read up to 1/.000 of a foot, therefore, it appears that Applicant's
settlement measuring method was not appropriate. Further, the error ’n measure-
ment can be either plus or minus resulting in uncertainty in the measured
settlement, In such case, to insuce safety of the structure, it is reasonable
to use higher values of settlement. The Applicant’'s zethod of computing settle~
ment and creating error band of 14", and neglecting the differential settlement
for computing stresses are not aporopriate.

12, Para. 107: It is not known how the observations of the borros anchors
would improve the precision of the data obtained. The data from borros anchors
are more susceptible to errors than the reading on the markers which were
located at the fixed points on th: walls of the D.G.B.

13, Para. 112: Although, the pond level was raised to elevation 627.00, there
is no evidence that water level below the D.G.B. rose above elevation 622.0
(Corps' report of 16 April 1981, see piezometer 12, 17, 23, 25, 29, 34, 36, 40,
and 43).

14, Para. ll4: The primary consolidation under the D.G.B. was not completed ac
all the points (Singh testified before ASLB on 10 Dec 1982 on this aspect) as
claimed by the Applicant.

15. Para. 117: The foundation of the D.G.B. did not remain in plane after the
removal of the surcharge. There has been considerable warping of the structure

during and subsequent to the removal of the surcharge (see Singh's original
testimony).

16. Para. 121: The reduction in stresses due to the surcharge removal did not
exceed the stresses due to the added loads. For example the dewatering has
added so much stress in excess of the surcharge stress that the foundation soils
started showing primary consolidation.
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AUBJECT: Applicant's Proposed Findings of Fact and Conclusions of Law on
Remedial Svils Issues - Midland Nuclear Plant, Midland, Michigan

17. Para. 125: The settlement due to the dewatering is primary settlement. 1
don't know when and how Dr. Peck added this settlement to the secondary settle~
ment. It should be the part of the primary settlement. Part of this might be
compensated by the additional settlement for continuing the surcharge load which
has been included in the total predicted settlement. But definitely it has not
been included in the secondary settlement.

18, Para. 130: There is no justification for coriecting the measured settlement
the wvay the Applicant has done. Applicant has consistently made unjustified
corrections to reduce the differential settlement in the structure. If there
are errors in survey, there is possibility that corrections might increase the
settlement. But the Applicant's corrections have always reduced the settlement.

19. Para. 131: Dr. Peck's conclusion that piezometer observations are prone to
anomalies is correct. But in the case of Midland Plant, a substantial number of
piezometers consistently showed that pore pressures under the D.G.B. have not
been completely dissicated. Hence taking advantage of anomalies to justify an
incorrect result is not appropriate.

20, Para. 132: Dr. Peck's calculations of permeability are: based on many
questionable assumptions. Therefore, there is no merit in the values of the
permeability calculated.

21, Para. 135: Dr. Peck's conclusion in para. 135 4is not appropriate. In care
of future cracks, a redistribution of stresses will take place, and the soil
<shich was bridged by the structure before cracking will be subjected to more
loading, causing additional settlement and more stresses in the structure.

2. Para. 138: 1 do not know whether Licensing Board has agreed with Peck's
and Hendron's conclusions.

23, Para. 147: Dr, Peck's and Hendron's conclusion that the structural
integrity of the structure has not been impaired is not correct. Mr. Singh has
already shown in his original testimony that number of cracks on the east wall
has increased from 10 to i6 after the surcharge. The curvature of the structure
has considerably increased after the surcharge. This is a clear indication that
stresses in the structure had increased to such a level due to the surcharge
that numerous new cracks developed. Further the analysis of the D.G.B. struc-
ture due to settlement is incorrect. Differenti.l settlement of the structure
has not been considered in the evaluation of the stresses. Also numerous cracks
which have developed due to the settlement have been ignored for the purpose of
stress evaluation.

24, Para. 150, 151: The soil spring constant used in the analysis is not
appropriate. Bechtel did not consider the correct values of spring constant.
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;UIJECT: Applicant’'s Proposed Findings of Fact and Conclusions of Law on
Remedial Soils Issues - Midland Nuclear Plaut, Midland, Michigan

25. Para. 154: It is clear from the east wall that all the cracks which are
inclined and have developed after the release of the duct banks are shear
cracks. These cracks have bent towards south, imdicating shear stree due to
ercessive settlement at the southeast corner.

26. Para. 166. The error band created by the Applicant is not Justified. The
ASLB has been informed by Mr. Singh and Mr. Kane on 10 December 1982 regarding
this fact.

27. Para. 168: Di. Corley was wrong in making the statement that there is no
evidence in the structure of any other hard spot. I do not know what is the
basis of his conclusion. There are evidences of large cracks on the east wall
which occurred after the release of the duct banks. This clearly establishes
that these large shear cracks have occurred following the settlement of the
southeast corner. Further, settlement patterns developed after the reles:s of
the duct banks clearly indicate that there are many soft spots under the D.G.B.
Further, the variation made in the spring constant over a 15°' length wvas not
adequate to reflect the softuess of the large area under the foundation.

28. Para. 169: No cracks have been considered in the analysis.

29. Para. 170: 1f the Applicarc can not analyse the structure correctly, that
does not mean that he will perform incorrect analysis to Justify the adequacy of
the structure. Obviously, all of the Applicant's analyses are erroneous. If
the structure can not be correctly analyzed, that is not a justification to

declare it structurally adequate.
I S

H. N. SINGH, P.E.S.E.
NCDED=-G

Lead Reviewer

Midland Nuclear Plant
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MEMORANDUM FOR: George Lear, Chief

Structural and Geotechnical Engireering Branch
Division of Engineering

yman W. Heller, Leader
A Geotechnical Engineering Section
4L' Structural and Geotechnical Engineering Branch
' Division of Engineering

Joseph Kane, Sr. Geotechnical Engineer
Geotechnical Engineering Section

Structural and Geotechnical Engineering branch
Division of Engineering

SUBJECT: COMMENTS ON OCTOBER 21, 1983 REPORT BY INDEPENDENT
TASK GROUP REVIEW OF THE DGB AT THE MIDLAND PLANT

In response to your verbal request, I have enclosed my review comments on
the October 21, 1983 report by .ne Independent Task Group which was formed
to evaluate the concerns expressed by R. B. Landsman of negion 111 for the
Diesel Generator Building.

It is my understanding that my review comments will ultimately be considered
in OELD deliberations as to whether it is necessary for NRC to request
reopening of the ASLB hearings on the DGB. The general guidelines provided
by OELD relative to their decision which I have used in identifying the
potential hearing considerations are the following:

1. Does the issue which 1 have identified in the Independent Task Group

report provide new evidence that affects or modifies the hearing
record evidence?

Are the facts or expert opinfons which are expressed in the Independent
Task Group Report significant and different from the facts or expert

opinions that are now in evidence before the Licensing Board which could
affect a conclusion with respect to the structural adequacy of the DGB?

Although the information from the Independent Task Group report does not
change the Staff conclusion with respect to the DGB - in "fairness to
the Board" should the Board have the benefit of reviewing the evidence
in the report in order to reach iis conclusion?




s

/écorge Lear -2- NOV 18 1983

/

On the basis of my review of the Independent Task Group report and my
comparison with the guideline provided by OELD, I Have provided my

comments in Enclosure 1.
g;é%f‘%ﬁ;u;
. Josiph Kane, Senfor Geotechnical Engineer

Geotechnical Engineering Section
Structural and Geotechnical

~_ Engineering Branch

Division of Ergineering

Enclosure:
As stated

cc: w/enclosure

. Volimer
. Knight
. "Novak
. Heller
Kuo
Sullivan
. Adensam
Hood
Paton, 2FLD
Wilcove, OELD
Rinaldi
Singh, COE
Kane

CXMmZEToOma4ur .o




Subject: Review Comments om Cctober 21, 1983 Report by Independent Task
Group on the DGB

Plant: Midland Plant Units 1 and 2, 50-329/330

Preparea by: Joseph Kane, NRR, DE, SGEB

1. A. Potential Hearing Consideration - There are statements in the
Tndependent Task Group report on the completeness and accuracy of
available settlement data and history that are in conflict with
the previous testimony of reviewers from the NRC geotechnical
engineering staff and the Corps of Engineers. The specific areas
of the report are:

a. Group Report, Pg. 6. "a complete and accurate settlement history
does not exist.

b. Group Report, Pg. 12. "“there are no such detailed settlement
measurements available, especially for the early stages of
construction.”

- €. Group Report, Pg. 15. "Given the unavailability of the data
necessary to complete the input to the analysis by the staff's
. consultant, the previously stated staff position is reasonable.”

d. Group Report, Pg. 20. "However, such settlement history for
the DGB does not exist.”

e. Group Report, Pg. 21. “Inconsistencies in the documentation of
the settlement history needs tc be resolved.”

f. Appendix 11I, Pg. 5. "However, it should be mentioned that the
exact settiement history at the various settlement markers at
the DGB 1s open to question." (Reasons for this statement are
subsequently given).

g. Appendix III, Pg. 7. "These analyses, though different in detail,
Tead to the similar conclusion that the settlement measurements
were (and continue to be) in significant error.”

h. Appendix IIl, Pg. 8. "The first period (where measured
settlements are being used to compute stresses) spans from the
ggginnng of construction through Aucust 1978 at which time
construction was halted."”

1. Appendix 111, Pg. 17. ‘“However, it is recommended that the
anomalies in the documentation of the settlement history be
resolved” (Last paragraph of App. 111, Section 2.2).

These nine statements are in conflict with SSER No. 2, pg. 2-33 and
the testimony of J. Kane and H. Singh during the week of
December 6 - 10, 1902.



B. Applicable OELD Guigelines - Guidelines Nos. 1, 2 and 3

c. %osis for Identifying Issue As Potential Hearing Consideration - Because
nine identified statements in t ndependent Task Group report

raise questions with respect to the compicteness and accuracy of the
DGB set’lement history and because this is in conflict with previous
Staff testimony, the hearing record has become unclear and conlusing.
Also item 1. in the above identified statements appropriately
recommends that these anomalies be resolved. In my opinion al)
three of the guidelines identi“ied by OtLD would apply when considering
the need to reopen the hearings in order to straighten out the hearing
record on this fssve. :

A. Potential Hearing Consfderation. At this particular time there are
questions and significant doubts as to the defensibility of NRC
position in concluding there is reasonable assurance that the
structural integrity of the DGB will be maintained and its functional
requirement fulfilled (See October 21, 1583 memo from P, T. Kuo to
J. P. Knight, pg. 1; Group Report, py. 21, Conclusion no. 5; App. 111,
Pg. 17, Conclusion no. 6). The questions and doubts result from the
following items in the Independent Task Group report:

2. The report in several locations identifies the need for the
Applicant and the NRC staff to properly document the information
and calculations for crack width approach for al) DGB walls in
order for the stresses that are induced by settlements to be
known and evaluated. (See October 21, 1983 memo, pg. 2, ftem 3;
?roupz?cport. pgs. 16 and 21, ftem 2; App. 111, pgs. 11, 16, 17

tem 2).

b. Closely related to this i1ssue 1s the report's acknowledgement
that the crack method approach is questionable where relatively
few cracks occurred (App. 111, pg. 11) and the absence of writien
Justification in the FSAR for using this approach for structures
Tike the DGB (App. III, pg. 16).

€. In addition the report in several locations points out the
inadequacies of the present crack lonitor1ng program and the need
for improvement (Group Report, pgs. 17 ind 21 item 4; App. 111,
98:. 13, 16 and 17) and the need to establish action levels
(Oct. 21, 1983 memo, pg. 2 item 5; App 111, pgs. 16 and 17 item 4).

d. The NRC Staff position on DGB acceptability uses the crack width
approach to estimate settlement induced stresses and this position
s heavily dependent on the accuracy of available crack maps. In
several locations in the Task Group report, the relfability and
accuracy of presently available crack maps are questioned and the
Group report cites concern that cracking in the DGB has not



stabilized and the cracks are growing (See Oct, 21, 1983 memn
py. 2 1tem &4; App. 11] pgs. 6, 7, 13 and 17 item 3). Inmy
opinfon it will be necessary to obtain.and use more recent and
accurate crack maps of the DGB before the recommendation of the
Task Group can be followed for establishing crack width levels
that will reflect a sufficient stress margin available to resist
critical load combinations (October 21, 1983 memo, pg. 2 item 5).

B. Applicable OELD Ghidg!incs. Guideline Nos. 1, 2 and 3.

C.

Basis for ldentifying Issue Potential Hearing Consideration. For
the N to have a reasonable and ao?tns1bic position in judging
the adequacy of the DGB there is a need to have a good data basis.
The Task Group report, as indicated by the above comments, correctly
points out that at this time we do not have that basis. The report
provides some specific recommendations that should be followed

in order to reach the needed sound engineering basis. Both the Board
ard the public have already asked what is the NRC Staff response to
the report's recommendations and will want to know what sigr ficant
information is developed in carrying out these recommendations. For
these reasons I believe all three of the guidelines provided by OELD
apply and would be the basis for reopening the hearing on the DGB.

Fotential Hearing Consideration. The Task Group report in many

Tocations discusses the controversial finite element analysis

completed by the Applicant where the measured/predicted displacements
were "straight l1ined" which essentially disregards any effect of
differential settlement. (See Group Report, pgs. 7, 20 item 1;

App. 111, pgs. 9 and 14). In the Dec. 6 through 10, 1982 hearing sessions
this fssue was extersively discussed and reflected significant

differences in professional opinfons that has left the hearing record
unclear and unresolved. The statements in the Task Group report

on this controversial subject are vor{ specific and clear "that

this model (the Applicant's) will yield v conservative estirites of
stresses.” (App. 111, pg. 9, 2nd par.) and "We therefore conclude

that this approach to compute settlement stresses is inappropriate.”

(App 11, pg. 9) and "The straight 1ine representation of the

settlements along the north and south wall for the analysis reported

in 2.4.1 1s said to be in error. As indicated in that section of this
report, 1t s our opinfon that this analysis will result in unconservative
predictions of stresses due to settlements. As such, it is considered

to be an inapprop: fate analysis.® (App. 111, pg. 14, 2nd par.).




Applicable OELD Guidelines. Guideline Nos. 1, 2 and 3.

sis for Identifying Issue As Potential Hearing Consideration. In my
opinion the presently conflicting evidence before the Board on this
issue 1s significantly impacted by the Task Group's findings. 1
believe the clear onginecring explanation provided in the report's
statements on why this analytical approach fs not apprepriate would
b:ino}pful to the Board in assisting them to reach a decision on

this issue.

Potential Hearing Consideration. A previously identified concern
expressed by J. Kane (Oct. 24, 1983 memo, G. Lear to W. Paton on

the Applicant's Proposed Findings, pg. 12, item 61) with the results
of the Naval Surface Weapon Center (NSWC) study is also impacted by
the Task Group's report. Although the Task Group in App. 111,

Pg. 10 questions the value of the NSWC conclusions because of the
apparent linear assumption cf settlement data points made in the
study, the report by the Group reflects an influence of the NSWC

-results by referencing the important conclusion by the NSWC study -

that very high stresses are calculated in areas of the DGE where no
cracks now exist. (See Group Report, pgs. 8 and 20 item 1; App. 111
Pgs. 14 and 15). This NSWC corzlusion s seriously questioned when

a comparison is made of the computed areas of high stress with areas

of recorded cracking (See enclosure tables to Oct. 24, 1983 memo). When
the internal walls of the DGB are evaluated for computed areas of

high stress with areas of recorded cracking, it can be shown that

cracks appear in 94 percent of the locations where the NSWC study has
computed high stresses.

Applicable OELD Guidelines - Guidelines Nos. 1, 2 and 3.

Pasis for Identifying Issue As Potential Hearin, Consideration. Both
the Task Group report and the present hear ng record offer the
conclusion by the NSWC study that cracks do not appear in areas of
computed high stress, thereby indicating that the settlement values
more than likely were not seen by the structure. This NSWC
conclusion is incorrect and this issue has not yet been brought to the
Coard's attention. It fs quite Tikely that the Board would place
significant reliance on the NSWC conclusion, 1f left uncorrected, in
reaching its d.cisfon with respect to the safety of the DGB. For
these reason” 1 feel it should be brought to the Board's attention.




There are less important considerations affected by the information within
the Independent Task Group report, that would not require reopening of
the DGB hearing, but which would be helpful to-the Board if addressed,
since they are related to previous testimony. These items are:

a. Group Report, pgs. 3 and 4. The implication that surcharging the
completed DGB structure relieved it of stress.

b. App. IlI, pg. 5. The questionable significance of the piezometer
data during surcharging.

c. App. III, pg. 12. The statement that serious structural distress
was caused by the very large settlements at the DGB.

d. App. 11l pgs. 12 and 13. The need to improve the accuracy of future
settlenent monitoring at the DGB and to require better rethods for
monitoring crack growth with reliable strain gages.
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MEMORANDUM FQR: George Lear, Chief
4 Structural and Geotechnical Engineering Branch
Division of Engineering

THRU: 1 Pao-Tsin Kuo, Leader
Structural Engineering Section B
! S“ructural and Geotechnical Engineering Branch
Livision of Engineeri.g
FROM: Frank Rinaldi, Structural Engineer

Structural Engineering Section B
Structural and Geotechnical Engineering Branch
Division of Engineering

. SUBJECT: EVALUATION OF TVIDINCE ON DIESEL GENERATOR BUILDING -
MIDLAND PRCJELT FOR LETERMINATION OF NEED TO REOPEN HEARINGS

Pursuant to your request of V. vember 8, 1983, for my evaluation of any new
evidence related to the structural adequacy of the Diesel Generator Building
(DGB), I have evaluated the report by the NRR Task Group dated O-tober 21,
1983, for the test conditions provided by your management (Enclosure 1) and
expanded by the staff attorney (Enclosure 2).

Foremost, 1 1ike to state that the NRC staff decision to reopan the hearings
on the DGB lies on the NRC legal staff. The NRC legal staff is aware of the
official staff position and personal technical positions of staff members

and consultants, as stated in written and ora) testimony during the ASLB
hearing of December, 1982, In addition, he NRC legal staff is aware of the
questions raised by the Region III-IE inspector as well as the answers
provided by all concerned parties. Indeed the NRR Task Group Report of
October 21, 1982, documents the conclusions, dizzussions, and specific answers
to the questions raised by Region III-IE inspector. The NRR Task Group
report includes their findings, those of their consultant staff from
Brookhaven National Laboratory (BNL), as well as the replies by NRR
Structural and Geotechnical staff and their consultants to the questions
raised by the Region I17-I1E inspector. Please note that errata has been
pointed out to the Task Group. The need for corrections has been acknowledged
by the Task Group and errata pages have been {ssued.

Recognizing the fact that my recommendations on the subject of nownng
the hearing for the DGB are needed for the final decision making, 1 wil
fdentify the important facts stated by the Task Croup and state if they
constitute, from the structural engineering point of view, new evidence or
if they impact on the previous conciusfons reached by the structural
engineering staff. The major points are the following:
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1. The Task Group used the same facts and evidence used by the review
staff in their evaluation of the DGB.

2. The Task Group reached the same bottom line conclusion, "that there is
reasonable assurance that the structural integrity of the DGB will be
maintained and its functional requirements fulfilled.”

3. The Task Group concluded that, "The most reasonable estimate of stress
due to settlement s based on the crack width data. However, the
calculations that have been done in this area need to be completely
documented.”

4. The Task Group stated, “That a more accurate and reliable crack
monitoring program be established," and that sufficient stress margins
for Action Level and specific repairs be established for Alert Level of
crack/s width/s. Also, they recommended a general repair program
prior to plant operation.

The first two ftems are self-explanatory and from a structural engineering
technical puint of view should be the major reasons that no additional
hearings are required to establish the structura)l adequacy of the DGB. The
third 1tem usks for the documertatton of the calculations used in the
determination of the conservative stress values utilizing the crack width
data. The approach has been discussed, the results have been documented,

and the data used for the calculations has been identified. Therefore

the requested documentation will consist of nothing more than presenting the
information related to the assumptions made, formula used, input data,
calculations, and results. The actual calculations require basic skills

and engineering judgment. The resulting stress values can be easily verified
with the stress results identified in the written and oral testimony of the
applicant and the staff. I do not consider this documentation to be new
evidence because the fa.ts do not change. The fourth {tem recommends a
modification to the monitoring program previously proposed by the applicant
and a-cepted by the staff and a general repair program. The Task Group does
not provide specific approaches that would fulfill these recommendations. BNL
report recommends the extensive use of Whitmore strain gages in place of the
three crack monitoring windows currently accepted b‘ the staff, but
recommends the same gene al approaches as the Task Group for requirements on
the general repairs and the requirements on the Alert and Action Levels. The
Task Group was aware of the BNL recommendation related to the Whitmore strain
gages, but did not make such firm recommendation. The above stated facts lead
me to the conclusfon that the Task Group 1s leaving the structural review
staff and the applicant with the task of resolving these concerns.

o e L
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I conclude from my review of the Task Group report that the NKL sial[ noede
to start discussions with the applicant concerning the documentation of the
rebar stresses as determined from all available crack-width data, the
usefulness and effectiveness of the strain gages proposed by BNL, and 1f
more specific actions should be established now, or as results of meetings
with the applicant after the alert and/or action levels are reached. The
applicant has contracted with Portland Cement Assocfation (PCA) to review
and evaluate all field data (cracks and deflectiond to evaluate potential
and specific problems fdentified by t'e monitoring program. The staff was
relying on this independent monitoring and evaluation by PCA in the
acceptance of the monitoring requirements.

I understand the fact that some people may not fully understand the

structural engineering technical aspects of this case and may consider the
availability of any new document as solid ground for reopening the he rings

on the DGB. However, based on the fact that n> new evidence was uncovered

in the preparation of the conclusions of the Task Group, that the structural
adequacy of the 0GB was assured, and that no specific detafled recommendations
were made other than generic suggestions which the staff can request the
applicant to resolve and then inform the board of the resolutions; I do not
reconmend, from the structural engineering technical point of view, to

reopen the hearing on the structural safety of the DGB.

e o ilh

Frahk Rinaldi, Structural Engineer

Structural Engineering Section B

Structural and Geotechnical
Engineering Branch

Division of Engineering

Enclosures:
As stated

cc:

Vollmer
¥night

. Novak

. Sullivan
Adensam
Hood
Paton
Kuo
Heller
Kane
Marstead
Matra
Rinaldi

MUY EOM . gy,




;5% to apply in decfding whether to recormend that the hearing be

reopened.

- Is there new evidence that modi{fies the evfdence of record?
For example, does the new eyidence affect what was safd by the
~ witnesses (any or all) in such a way that somethiﬁg different
would haye been said if the information had been available before

the testimony was given?

= The issue is one of "fairness to the board®. If our feeling is
that the evidence would not change our conclusions but that the
board nevertheless, should hayve the benefit of reviewing this

new evidence to reach its conclusions, then we should recommend

for reopening the record.

ENCLOSURE T



Are the facts or expert opinions in the DGB rasi'keport that are
different from vacts or expert opinions now in evidence before the
Licensing Board., (The facts and expert opinions referred to are
sfonificant facts and expert opinfons, 1. e. - facts and expert opinions
that could effect a ronclusion with respect to the structural adequacy

of the Diesel Generator Building)
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File

Mr. James W. Cook

Vice President
Consumers Power Company
1945 West Parnall Road

Jackson, Michigan 49201

Mr. J. G. Keppler

Administrator, Region Il

Office of Inspection and Enforcement
U.S. Nuclear Regulatory Commission
799 Roosevelt Road

Glen Ellyn, IL 60137

Mr. D. G. Eisenhut

Director, Division of Licensing
Office of Nucleur Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Re: Docket Nos. 50-329 OM, OL and 50-330 OM, OL
Midland Nuclear Plant - Units | and 2
independent Design and Construction Verification (IDCV) Frogram
Structural Evaluation of the Diesel Generator Building -
Assessment of the Structural Performance Capability as
Potentially .Affected by Settiement Induced Cracking

Centlemen:

Attached is our recently completed engineering evaluation of the structural
per formance capability of the diesel or building. This evaluction was
undertaken in accordance with the defired scope of the IDCVP as part of our
broader assessment of the quality of the design and constructed product of.the
Midland plant Stondby Electric Power system, We are transmitting it to you
because of its relevance to ongoing discussions concerning the potential effects
of settlement induced cracking on the capability of the to meet intended
per formance requirements over its service life.

We have concluded that the sxisting crocks, generally being of small size, are
not indicai ve of a condition that would compromise the capability of the DdB in
meeting its intended performance requirements. Furthermore, it is that
significant future crocking is unanticipated and the DGB is expected to remain
serviceable without further remedial action at this point in time. We have

R R8GE GBace, o

TERA CORPORATION
7101 WISCONSIN AVENUE BETHESDA MAMLAND 2084 301-654-8560
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reviewed Consumers Power Company's commitments to verify tontinued
serviceability and have concluded that these are acceptable; however, we have
offered certain recommendations for consideration that are intended to improve
availab'e information and reduce operational constraints.

Should you desire further articulation of the bases for our conclusions, we would
welcome the opportunity for discussion.

Sincerely,

Lol D

Howard A, Levin
Project Manager
Midland IDCV Program

Enclosure

ce: L. Gibson, CPC.
R. Erhardt, CPC
J. Mooney, CPC
D. Budzik, CPC
D. Guammy, CPC (site)
R. Whitaker CPC (site)
R. Burg, Bechtel
J. Taylor, NRC, |1&E HQ
T. Ankrum, NRC, |I&E HQ
D. Hood, NRC, NRR
Midland IDCVP Service List

HAL/sl



SERVICE LIST FOR MIDLAND INDEPENDENT DESIGN
AND CONSTRUCTION VERIFICATION PROGRAM

cc:  Marold R, Denton, Director

Office of Nuclear Reactor Regulation
U.S. nNuclear Regulatory Commission
Washington, D.C. 20555

, James G. Keppler, Regional Administrator

U.S. Nuciear latory Commission,
Region 111

799 Roosevelt Road

Glen Ellyn, lllinois 60137

U.S. Nuclear Regulatory Commission
Resident Inspectors Office

Route 7

Midland, Michigon 48640

Mr. J. W, Cook

Vice President
Consumers Power

1945 West Parnall Road
Jackson, Michigan 49201

Michael |. Miller, Esq.

Isham, Lincoin & Beale

Three First National Plaza,
Sist floor

Chicogo, lllinois 60602

Jomes E. Brunner, Esq.
Consumers Power Company
212 West Michigan Avenve
Jockson, Michigan 49201

Ms. Mary Sinclair
5711 Summerset Drive
Midland, Miciige= 48640

Cherry & Flymn

Suite 3700

Three First Nationa! Piaza
Chicogo, lllinois 60602

Ms. Lynne Bernabei
Government Accountability Project
1901 Q Street, NW

Ms. Barbara Stamiris
§795 N, River
Freeland, Michigan 48623

Mr. Wendell Marshall
Route 10
Midland, Michigar, 48440

Mr. Steve Gadler
2120 Carter Avenve
St. Paul, Minnesota 57108

Ms. Billie Pirner Garde
Director, Citizens Clinic

for Accountable Government
Government Accountability Precject
Institute for Policy Studies
1901 Que Street, MW,
Washington, D.C. 20009

Charles Bechhoefer, Esq.

Atomic Safety & Licensing Board
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dr. Frederick P, Cowan
Apt, B-125

6125 N, Verde Trail

Boca Raton, Floride 33433

Jerry Harbour, Esq.

Atomic Safety and Licensing Board
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Mr. Ron Callen

Michigan Public Service Commission
6545 Mercantile Way

P.O. Box 30221

Lansing, Michigan 48907

Mr. Paul Rou

Midland Daily News

124 McDonald Street .
Midland, Michigan 48640 S
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Administrator, Region 1|

Office of Inspection and Enforcement
U.S. Nuclear Regulatory Commission
799 Roosevelt Road

Glen Ellyn, IL 60137

Mr. D. G. Eisenhut

Director, Division of Licensing
Office of Nuclear Reactor Regulation
U.S. Nuclear R tory Commission
Washington, D.C. 20555

Re: Docket Nos. 50-329 OM, OL and 50-330 OM, OL
Midland Nuclear Plant - Units | and 2
Independent Desigr. and Construction Verification (IDCV) Program
Structural Evaluation of the Diesel Generator Building -
Assessment of the Structural Performance Capability as
Potentially Affected by Settlement Induced Cracking

Gentlemen:

Attached is our recently completed wm«lnbmlwlon of the structural
performance capability of the diesel Iding. This evaluation was

in accordance with the defined scope of the IDCVP as part of our
broader assessment of the quall of the design and constructed product of the
Midland plant Standby Electric Power system. We are transmitting It to you

becouse of its relevance te ongoing mmmw potential effects
of settlement Induced cracking on the capability of the to meet intended
nmwmmwnu

We have concluded that the existing cracks, generally of small size, are
not indicative of a condition that would compranise the myonhoodlln
meeting it intenced per ormanca requirements. Furthermore, It is that
MMWMW&:M&W“MD@I& to remain
serviceable without further remedial action at this point in time. We have

ORPORATION
7101 WISCONSIN AVENUE m&?&m MARVLAND 20814 301-654.8960
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reviewed Consumers Power Company's commitments to verify cnntinued
Mllw-ﬂhnmwmmmmmmmm,nm
_ offered certain recommendations for consideration that are intended to improve
- 7 gvailable information and reduce operational constraints.

MmUnmmmmsmﬂmmwummmmmw
welcome the opportunity for discussion.

Sincerely,
A4..
T
Howard A, Levin
Project
Midland Program
Enclosure
ce: L. Gibson, CPC,
R, Erhardt, CPC
J. Mooney, CPC
D. Budzik, CPC

. ik,
D. Guammy, CPC (site)
R, Whitaker, CPC (site)
R, Bechtel
J. Taylor, NRC, |1&E MG
T. Ankrum, NRC, 1AE HQ
D. Hood, NRC, NRR
Midlond IDCVP Service List
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SERVICE LIST FOR MIDLAND INDEPENDENT DESIGN
AND CONSTRUCTION VERIFICATION PROGRAM

cc:  Marold R. Danton, Director

Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

., James G. Kepoier, Regional Administrator

U.S. Nuclear Reguiatory Commission,
Region il

© 799 Roosevelt Road

Glen Ellyn, 1'linois 60137

U.S. Nuclear Regulatory Comm.ssion
Resident Inspectors Office

Route 7

Midiand, Michigon 48640

Mr. J. W. Cook

Vice President

Consumers Power Company
1945 West Parnall Road
Jackson, Michigon 45201

Michoel |. Miller, Esq.

Isham, Lincoin & Beale

Three First National Plaza,
Sist floor

Chicogo, lllincis 60602

212 West Michigan Avenue
Jackson, Michigen 49201

Ms. Mary Sinclgir
5711 Summersei Drive
Midiand, Michigan 49640

Cherry & Flymn

Svite 3700

Three First National Plazo
Chicoge, lllinois 60602

Ms. Lynne Bernabei

Government Accountability Project
1901 G Street, NW

Washingion, D.C. 20009

Ms. Barbaro Stamiris
5795 N. River
Freeland, Michigon 48623

Mr. Wendell Marshall
Route 10
Midland, Michigan &8440

Mr, Steve Codier
2120 Carter Avenve
St. Paul, Mirnescta 55108

Ms. Billie Pirner Garde
Director, Citizens Clinic

for Accountable Government
Government Accountability Project
Institute for Policy Studies
1901 Que Street, N.W.
Washington, D.C. 20009

Charles Bechhoefer, Esq.

Atomic Safety & Licensing Board
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dr. Frederick P. Cowan
Apt, B-125

6125 N. Verde Trail

Boca Roton, Florida 33433

Jerry Harbour, Esq.

Atomic- Safety and Licensing Board
U.S. Nuclear Regulatory Commission
Weshington, D.C. 20555

Mr. Ron Callen

Michigan Public Service Commission
6545 Mercantile Way

P.O. Box 30221

Lonsing, Michigan 48909

M:. Poul Rou

Midland Daily News

124 McDonald Street

Midland, Michigan 48640 - N



ATTACHMENT A, P1.3201.001, REV 2

ENGINEERING EVALUATION COVER SHEET

TITLE. Structural Evaluation of the Diesel Generator Bldg. CONT. 1D, NO. 3201001 - 031

PROJECT: CONSUMERS POWER COMPANY MIDLAND IDCV NO. OF SHTS. et
SUPERSEDES ENG. EVAL. NO. -
ol REVISION ] ORIGINATOR | DATE REVEWEDBY ] DATE | APPROVED BY | DATE
0 Original £ 12/30/83 12/30/43 1 /4/84
X Ot : i

PRIMARY EV TION OWT'm EVALUATION
TOPIC NUMBER sn:s-z.qll.'%-'i, ;ﬂ'}‘f.i ' |
TOPIC TITLE Tivil/otructural Design Considerations, Foundations, Concrete/Steel Design

METHOD/EXTENT OF REVIEW

1. Review of Midland project generated information including calculations, consultant
reports, testimony, etc.

2. Independent calculations and evaluations by IDCVP Review Team.

PURPUSE

Evaluation of settlement induced cracking as it may potentially affect intended
performance requirements and serviceability of the diesel generator building.

CONTENTS (SEE SECTION 2., P1-3201-001)
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OVERVIEW OF REVIEW PROCESS
BASES FOR SAMPLE SELECTION .
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.0 ABSTRACT

An engineering evaluation has been completed to assess the structural
performance capability end serviceability of the Midiand plant diesel generator
building (DGB) as potentially affected by settlement induced cracking. The
evaluation was initiated by TERA Corporation as part of the Midland
Independent Design ond Construction Verification Program (IDCVP). The
performance requirements for the DGB were identified and the acceptance
criteric for meeting these requirements were reviewed. Information generated
by the Midland project as well as independent calculations and evaluations by the
IDCVP review team serve as input to the conclusions of the engineering
evaluation. It was concluded that the existing cracks, generally being of small
size, are not indicative of a condition that would compromise the copability of
the DGB in meeting its intended per formance requirements.

Furthermore, it was judged that significant future cracking is unanticipated and
the DGB is expected to remain serviceable without further remedial action at
this time. Consumers Power Company (CPC) commitments to verify continuea
serviceability were revieved and found to be acceptable. Certain
recommendations have been offered for consideration that are intended to
improve available information and reduce operational constraints.

TERA CORPORATION



2.0 OVERVIEW OF REVIEW PROCESS

This engineering evaluation was undertaken as part of a broader assessment of
the quality of the design and constructed product of the Midland plant Standby
Electric Power (SEP) system. The srecific scope of review documented herein
includes o structural evaluation of the diesel generator building (DGB), the
structure which houses four emergency diesel generators which are principel
components of the 5EP system. The main amphasis of the review is on the
civil/structural design considerations for the DGB and how settlement induced
cracking may potertially affect the intended performance requirements.
Accordingly, this evaluation addresses the following topics within the Midland
IDCVP:

. Topic I11.5-2 - Civil/Structural Design Considerations
. Topic 111.6-2 - Foundations, and
e Topic lIl.7-2 - Concrete/Steel Design;

therefore, representing partiai fulfillment of the structural design review scope
pertaining to SEP system. This evaluation has required inpu* from other ongoing
topic reviews such as:

- Topic l11.1-2 - Seismic Design/Input to Equipment, and

e Topic II.2-2 - Wind and Tornade Oesign/Missile
Protection;

however, these evaluations are documented under separate covers. The DGB
construction/installation documentation reviews and the associated physical
verification have not been completed and are not documented in this evaluction.
Accordingly, should the resuits of these evaluations affect the conclusions drawn
herein, the engineering evaluation will be appropriately revised.

The review concept includes a determination of the DGB performance
requirements and important design inputs (i.e. engineering data and assumptions); N

an evaluation of their accuracy, consistency, and adequacy; and an evaluatiorn. of - e

2-1
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the implementation of these commitments. Current licensing criteria are
utilized as a baseline as well as consideration of various other regulatory criteria
which evolved during the licensing process. Given the unique circumstance.
associated with the DGB design and construction processes, the IDCVP
assessment used the intent of today's licensing criteria and corresponding
marg:ns of safety and reliability.

The review draws upon two principal sources of information; that generated by
the Midland sroject (e.g. Bechtel calculations, consultant reports, testimony,
etc.) ond by the IDCVP review team (e.g. independeni calculations and
evaluations, etc.). Pertinent background date and referenc=s are documented in
Section 3.0. Conclusions are reached through an integrated assessment of these
data, discussions with Midland project personnel, as well as engineering

judgement.

~

The following individuals made technical contributions to this engineering
evaluation:

Dr. Jorma Arros - Structural Reviewer, Midland IDCVP and Senior
Structural Engineer, TERA Corporation

Dr. William .). Hall - Member Senior Review Team, Midland IDCVP
and Professor of Civil Engineering, University
of lllinois

Professor Myie J. Holley - Consultant, Midland IDCVP, Professor of Civil
Engineering Emeritus. Massachusetts Institute
of Technology and President, Hansen, Hoiley
ond Biggs, Inc.

Mr, Howard Levin - Project M , Midland IDCVP and Manager,
Engineering, A Corporation

Dr. Christion Mortgat - Lead Technical Reviewer, Stondby Electric
Power System Structural Review, Midland

IDCVP and Principal Structural Engineer, TERA
Corporation

2-2
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The following chronology of external interactions transpired as part of this

review.
Dcte

August 24, 1983

November 17, 1983

November 18, 1983

De~ember 12-16, 1983

Activity

Review team members observe NRC task force
meeting on structurai rereview of DGB at Bechtel's
Ann Arbor, Michigan offices.

Review team members inspect diesel-generator
building.

Review team members discuss civil/structural design
considerations for the DGB and collect information
at Bechtel's Ann Arbor, Michigan offices.

Review team members review DGB finite element

ani seismic stick models at Bechtel's Ann Arbor,
Michigan offices.

2-3
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3.0 BACKGROUND DATA AND REFERENCES

The following table identifies references and sources of information that were
selected for review and served as input to this engineering evaluation. The
numbers in the left margin correspond to references made within the body of the

engineering evaluation.

3-1 %
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ATTACHMENT B, P1-1201 000, REV 2.
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4.0 ACCEPTANCE CRITERIA

4. LOAD COMBINATIONS

The loads and load combinations employed for the original design and analysis
were provided in the FSAR subsection 3.8.6.3 (revision 0, dated November |977).
These original design criteria did not contain settlement effects. Four additionul
loading combinations were established ond committed for consideration as a
result of Question 15 of the NRC Reguests Regarding Plant Fill of September
1979. These loading combinatiors combined differential settlement with long-
term operating loads and either wind or the operating basis earthquake (OBE).
As Wiedner (reference 4) and CPC (reference 5) point out these expressions are
more stringent than the reauirements of ACI 3I8 (reference 7), but less stringent
than ACI 349 (reference 8). In the latter case the loading combinations combine
differential settlement with extreme loods such as tornadoes and the safe

shutdown earthquuke (SSE). Subsequently, in response to Question 26 of the NRC
Requests Regarding Plant Fill, a commitment was made to undertake a separate
structural reanalysis of the DGB in accordance with ACI-349 cs supplemented by

NRC Regulatory Guide 1.142 for comparison purpose only.
The iollowing loads were considered in the reanalysis:

{(a) dead loads (D)

(b) effects of settlement combined with creep, shrinkage and
te nperature (T)

(¢) live loads (L)

(d) wind loads (W)

(e) tornado loads (W)
() OBE loods (E)

(g) SSE loads (E")

(h) thermal effects (Ty)

- &



It is to Le noted that thermal effects appear twice by virtue of the manner in
which the loading combinations were developed. The load combination
established ard committed to in response to NRC Requests Regarding Plant Fill,
Question |5 are as follows:

a. 10S5D+1.28L+10ST

b. L4D+IAT

c. 1OD+1OL+1LOW+ILOT
d. 1OD+ILOL+I0E+ILOT

A number of load cases appearing in the load combinations for Seismic Category
| structures listed in FSAR Subsection 3.8.6.3 do not occur in the diese!
generator building and other load combinations can be eliminated from the
analysis after comparison with more severe loads or load equations (reference 5).
As a result the remaining load combinations to be considered are:

e. l4D+LIL
f. 125M+L+W)+1.0T,
g lL4D+L+E)+10Tg
h. 09D+1L25E+1.0Tg
i LOD+L+EY+10T,
. LODsL+W)+10T,

4.2 ALLOWABLE MATERIAL LIMITS

In occordance with regulatory requirements, the maximum rebar tensile stress
allowed in the diesel generator buiiding rebar should not exceed 0.90 f, (where f,
equals yield strength) for computation of section capacities. Because the diesel
generator building rebor has an f,, value of 60 ksi, the maximum allowable tensile
rebar stress due to flexural and axial loads is 54.0 ksi. Accordingly, reinforced
concrete section capacities for the diesel generator building were based on this
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maximum allowable rebar stress value (54 ksi), a design concrete compressive
strength of 4000 psi and o maximum allowat'e conc- :ie compressive strain level

of 0.003 in./in.
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5.0 BASES FOR SAMPLE SELECTION

The diesel generator buiiding (DGB) was selected for review because it serves an
important support function in providing protection against external hazards for
the diesel generators which are integral components of the Standby Electric
Power (SEP) System. The DGB falls within the sample selection boundaries
defined in the Engineering Program Plan (reference 9). Commitments were
made in this reference to review civil/structural design considerations for the
DGB including foundations and concrete/steel design. Based on programmatic
commitments, emphasis is to be placed on structural performance and not
detailed s»! mectanics aspect. which are not within the scrpe of the Midland
Independent Design and Construction Verification Program (IDCVP).

This engineering evaluation addresses the potential effects of settlement induced
cracking on the ability of the DGB to meet its intended performance
requirements. Accordingly, verification of the Midland project treatment of the
settlement/cracking issues which have affected several structures at the Midland
site is oddressed herein. 'While a structural review of the auxiliary building is
also within the IDCVP scope as part of the Auxiliary Feedwater (AFW) system
review, the specific settlement/cracking issve as it may offect the auxiliary
building is not being treated directly by the IDCVP. Thus, this evaluation of the
DGB represents the IDCVP sample oddressing the settlement/cracking issves.

It is estimated that approximately one third of the project's calculations and
evaluations oddressing the structural design of the DGB were selected for
review. Emphasis was placed on the selection of portions of the project's
evaluations that oddress controlling design conditions (e.g. important load
combinations producing the highest predicted stresses or strains, as appropriate).
Principal project consultant reports were reviewed as well as other docketed
information that documents CPC commitments to the NRC (see section 3.0).
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6.0 ENGINEERING EVALUATION

¢ BUILDING PERFORMANCE REQUIREMENTS

The diesel generator building (DGB) is o two story reinforced concrete box ty e
building partitioned into four bays, each bay containing one diesel powered
electric generator (see Figure 6-1). The purpose of the diesel generators is to
supply standby electrical power to operate the Midland plant during power
outages and to pr ovide the necessary power to eniure safe shutdown of the plant
in the event of a design basis event. Accordingly, the diesel generators and the
DGB are classified as Seismic Category |, and as a result must maintain
functionability during external events such as earthquakes and tornadoes.

The DGB provides protection for the diesel generators and associated supply ana
service iines, instruments and equipment, assuring ready availability of this
supplementary power source. This protective function includes not only the
normal sheltering of building contents from rain, snow, wind, and ice, but in
oddition, resistance to the effects of earthquakes and tornadoes including
tornado gensrated missiles. It is these latter effects which are of principal
structural interest, and which dictate @ more massive type of construction than
normally would be employed for shelter from the commonly considered weather
extremes. :

The DGB was founded on plant fill and constructed between the Fall of 1977 and
the Spring of 1979. During that period it was discovered that the building was
experiencing on unusual rate of unequal settiement, and duct benks had made
contact with the footings which led to building distortion and reinforced
concrete cracking. The details of the settlement monitoring, duct structural
modifications, and surcharge consolidution program are described in detail in
references 3 and 5.
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6.2 ACCEPTANCE CRITERIA

in response to applied loadings (dead, live, earthquake-induced, wind, tornado,
tornado missiles) and certain secondary effects such as settlement, local internal
forces are developed throughout the structure. These local forces consist of in-

plane forces, sometimes termed membrane forces, and out-of-plane forces, i.e.,
transverse shear forces, and bending moments. In design it is customary for the
internal forces associated with a particular loading to be multiplied by a
specified "load factor" and these load factored sets must be combined for the
several specified loadings to obtain what may be called a local internal demand.
This demand must not exceed the local "strength”, i.e., capacity of the structure.
The acceptance criteria consists of the following:

B Statements of the several different load combinations that must be
satisfied, and the load factors to be applied to each of the loadings
(dead, live, tornado, etc.) within that combination.

- Specific expressions, or procedures, for determining the local
strength which must not be exceeded.

It may be noted that certain of the specified load combinations focus on
serviceability of the structure. These do not include the infrequent extreme
loadings, but incorporate relatively large ioad factors to assure a modest
demand/capacity ratio for (unfactored) loadings experienced in normal operating
conditions. For the combinations which include extreme and rare loadings,
safety in the sense of protecting personnel and equipment, yet retaining
functionability, is the primary consideration rather than serviceability. Thus
crack widths, including those widths which may reflect yielding of the
tension rebars, are not a consideration provided that they do not imply a
reduction in the local strengths. Accordingly, such specified factored load
combinations typically incorporate smaller specified load factors. In effect a
lorger demand/capacity ratio for these unfactored load combinations is
acceptable for these rare conditions.

—
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It should be noted that the specified expressions, or procedures, for determining
the local internal strength do not typically include any direct limitation on rebar
tensile strain, or on crack widths which accompany such strain, although there
are indirect limitations for certain conditions. (Note that the limiting condition
specified by various ACI codes (references 7 and 8) are related to maximum
allowable concrete compressive strains where a value of 0.003 in.in. is
specified). This strain reflects the fact that certain components of local
strength are not sensitive to rebar strain but only to the tensile yield strength of
the rebars. As an example, full development of the local oui-of-plane bending
strength of a slab, or beam, with @ modest rebar ratio may imply tensile rebar
strain into the yield range. Indeed this is specifically recognized by codes which
specify that, for rebar strains in excess of the elastic strain at yield stress the
stress must be assumed to be constant at the yield stress value. This approach
often is overlooked because, for the majority of local conditions of interest it is
computationally much more convenient to evaluate local sections on the
assumption that the steel strains remain within the elastic range, and to compute
rebar stresses associated with the particular factored load combination demand
rather than to compute the local section strength, per se. In some cases this
approach is slightly conservative, but often there is no difference whatever.
However, the fact that there are circumstances, where small tensile rebar
strains into the yield range occur, yet are acceptable, and do not degrade the
required local strength, may be unrecognized because of the focus on elastic
behavior inherent in the computation process. Margins cf strength, a3 reflected
in codes, are implicitly based on the ductile Lehavior of structural systems as
just noted.

6.2.1 Structural Primary Loadings

The DGB must resist the following principa! primary ioadings:

Gravity- induced dead and live loads

Earthquake- induced loads . =

Tornado- induced differential air pres:ure
Tornado- borne missiles 3
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Gravity- induced loads preduce out-of-plane shear forces and bending moments
in the floor and roof systems and in portions of the walls immediately adjacent
thereto. These loads also produce in-plane forces in the walls and, of course,
bending moments and shear forces in the strip footings.

Earthquake- induced loads produce in-plane forces in the walls which are
substantial, and more modest in-plane forces in floor and roof slabs. They aiso
produce out-of-plane shear forces in floor and roof slabs and walls.

Tornadic winds produce in-plane and out-of-plane forces in walls and roofs.
Tornado- induced differential air pressures are the principal source of out-of-
plane shear forces and bending moments in floor systems and walls, and they also
produce in-plane forces.

Torncdo- borne missiles produce highly localized out-of-plane loading of the
walls. The capacity of the wall to resist such missiles is evaluated

independently of all other loadings.
6.2.2 Secondary Loadings

Restrained non-load-induced volume changes (e,g., due to concrete shrinkage and
or temperature strains) may produce internal forces. It has long been recognized
that these forces rarely have any significant effect on the local strengths, and in
most cases they are neglected. The reasons relate directly to the ductility of
the tension rebars. |f the local strength is mobilized, by an imposed set of local
demand forces, it typically will be the same whether or not the forces associated
with the non-load induced effects are included. The difference will be that the
tensile rebar strain,including some yield strain, will be larger when these
secondary forces are included. This yielding has the effect of decreasing, and
sometimes completely eliminating, the local forces which were initialy
introduced by the non-load effect. It is for this reason that the forces associated
with such non-load induced effects often are termed “self-relieving” or
secondary.
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In the design of most reinforced concrete buildings the local internal forces
arising irom restrained shrinkage and thermal strains as well as that induced by
settiement are not included in the application of the strength criteria. In the
design of nuclear safety related concrete structures it is the accepted practice
to account for through-the-wall thermal gradients, although shrinkage effects
are not typically included. Even accounting for the thermal graodients is @
conservative requirement the justification for which is at least debatable.
However they were accounted for in the DGB design as required by the
acceptance criteria. [t may be noted that underlying codes, from which the
acceptance criteria were developed, typically called for inclusion of these non-
load-induced forces with the load-induced forces only where their structural
effects may be significant. in the case of the DGB it may reasonably be debated
whether such effects are indeed “significant”, as envisioned by the code.

In the initial design of the DGB it would not reasonbly have been assumed that
the forces associated with foundation settlement could be significant nor, that
they should be included with the load-induced forces in the factored load
combinations. Clearly, the building was designed for continuous support on what
was intended to be a relatively homogeneous soil medium. Thus the designer
could justifiably assume that there would be little if any redistribution of the
upward soil reactions on the strip footings due to major point-to-point variations
in local stiffness of the supporting medium. When the building was oniy partly
compieted it became evident that such stiffness variations did, in foct, exist i.e.,
a very stiff support at the location of footing contact with ducts, together with
poorly consolidated soil (low in stiffness, end non-uriform) elsewhere, These
conditions caused an extreme example of non-uniform settlement which did
indeed induce internal forces sufficient to cause cracks in the walls of the then
partially completed structure.

Upon noting that the settiement had led to interference between the foundation
and buried ducts, the unintended footing-to-duct connections were physically
disengaged and the unsatisfactory foundation condition was corrected by a
surcharge loading procedure. [t is to be noted (reference 36) that the surcharge
loading procedure begon on January 26, 979, incrementally, and that
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construction of the DGB continued thereafter. The final surcharge placement
took place between March 22, 1979 and April 7, 1979, just as the roof and parapet
sonstruction was completed. The subsequently completed DGB structure has
been in place, in its completed condition for more than four years with no
indications of additional distress in any way comparable to that associated with
the footing-to-duct contact and the poorly consolidated soil. It may be argued
that the structure now is supported as was intended at the time of design, that
the effects of any future differential settlement will not be significant, and that
the effects of such cracking as developed in the partially completed structure
also are not significant to local internal strengths relied upon to resist the forces
associated with applied load combinations. From all this it would naturally
follow that the internal forces induced by differential settlements need not
necessarily be included with the load-induced forces in the combinations
specified by the acceptance criteria. These arguments may be justified but, in
fact, there is a licensing commitment to include the settiement-induced forces
in the relevant load combinations.

Since the internal forces induced by a specific non-uniform settiement are self-
relieving (as was described earlier, for thermally induced forces), why must they
be included; i.e., when may their effects be "significant". In some structures the
magnitude of possible future settlement may be uncertain, and there may be
little or no prospect for monitoring of the settlement or the state of the
structure during its service life. Accordingly, inclusion of settlement-induced
forces in the design would be appropriate to limit the possible development of
structural distress which would b. costly to repair, or which in some special
cases, like a containment structure, may affect functionability by creation of
large liner strains. For other structures these forces might prudently be included
to avoid excessive yield strains in the tension rebars (and the associated large
crack widths) which might degrade the local internal strength under some set of
the local internal forces associated with applied loads, particularly if no
monitoring of the structure for such effects could be articipated.

For the DGB structure the principal structural elements are relatively
occessible, and @ monitoring program is planned. Nevertheless it is required to
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demonstrate by application of the relevant acceptance criterig, including the
effects of differential settlement, that the local internal strengths are not
presently degraded and are unlikely to be degraded by any probable future
differential settiements. The acceptance criteria do not include any
specification of the method by which the associated internal forces are to be
determined. This is an important consideration in any effort to apply the
acceptance criteria. There are essentialy three alternatives:

a) One may assume a mognitude and distribution of
differential settlement and impose this displacement
pattern upon the structure, In contrast to the situation at
the design stage the analyst for the DGB has settlement
measurements to consider in arriving at the postulated
differential settlements to be used.

One may postulate one or more perturbations of the
distribution of upward suvii reactions associated with dead
load which may be associated with differential
setilement, and determine the local internal forces for
each. It will be apparent that this appruach produces the
forces due to dead loads plus differential settlement.
This is not an unreasonabie approach, if sufficiem
attention is given to parametric variations, particularly if
the analyst lacks data on diffarential settlement which he
;:o)nsiders sufficiently precise to use directly in method
(a).

One may postulate the local internal forces directly from
the observed condition of an (existing) structure; i.e., the
crack widths in the DCB. This is an option clearly not
available at the time of design.

The method of imposed differential settiements may lead to unrealistically large

interral forces unless the analysis can account for cracking, and time-dependent
concrete properiies. The cost-benefit of such an analysis may not be justified,
particularly if other suitable options (b or c) exist.

The method of analyzing the dead load condition for several postulated
distributions of soil reaction is suitable, but it muy be difficult to choose sets of
distributions which cover the possible differential settlements but which are not
unjustifiably extreme.




For the DGB, which has been observed in its completed state for more than four
years, inference of the internal local forces from the condition of the existing
structure (c) seems to be the most attractive approach. It is the most direct. It
is particularly attractive since any significant changes in the condition of the
structure will be observable during its service life. Observations related to this

approach follow.
6.3 EVALUATION OF BUILDING PERFORMANCE CAPABILITY

The performance capability of the structure is to be assessed in two steps: the
first one considering the building in !ts present state and the other addressing its
structural integrity and serviceability over the next 40 years. Inputs to the
evaluation are keyed to o number of elements such as: available physical data,
analytical studies, understanding of concrete behavior and engineering

judgement.
6.3.] Available Data

The most important data available to estimate the present state of stress in the
DGB consists of:

.  Observations of the building as it exists today.
2. The record of the crack monitoring program.
3. The settiement history of the building.

The crocks have been surveyed on several occasions (Reference 3). The
maximum crack width recorded during the monitoring program prior to isolation
of the duct banks was 28 mils. After the isolation of the duct banks, the cracks
decreased in size (testimony Peck and Weidner references Il and 4 respectively)
implying @ stress decrease in the higher stressed areas. Presently the largest
cracks are of the order of 20 mils. An evaliation of the existing cracks has been
performed by two Bechtel consultants, Dr. Mete Sozen (reference 10) of the
University of lllinois and Dr. W. Gene Corley (reference 12) of the Portland 1y

Cement Association. e -
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The building sei:lements have been monitored at close intervals during the
construction period and thereafter. Figure 6-2 presents the location of the
settlement markers indicating where survey mecsurements are taken. The data
spans over a perio of 5 years with measurements taken approximately every
other week. This large amount of data allows one to follow the settlement
history through the stages of construction, duct bank isolation, surcharge period,
dewatering, and up through the present. It also provides a means of assessing
potential random and systematic errors in the measurements. The Midland
project has concluded that significant errors exist in the measurements due o a
voriety of circumstances. A study of these data is presented in the following

section.
6.3.2 M:dland Project Evaluations

The Midland project followed two separate approaches to estimate the state of
stress in the building:

- study of the cracking history
© study of the settlement history.

The future state of stress due to settlement was estimated based upon predicted
settlements.

6.3.2.1 Evaluation of DGB Based on Observed Cracking

In its present condition the DGB has cracks which appear to be settiement-
induced or settiement-intensified, generally arising during th> early construction
phases. Maximum present crack widths are reported to be about 20 mils, and Dr.
Sozen (reference 10) has shown that the associated rebar stress as estimated in a
region of numerous.cracks, adjocent to a duct bank penetration cf the center
wall, may be judged to be between 20 and 30 ksi. We find his evaluation to be
reasonable incorporating techniques that are state of the art, widely oéctpied
and supported by laboratory tests. Dr. Sozen also has argued that the presence
of initial cracks doas not degrade the capacity of a reinforced concrete element

|
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in any of the important structural modes; i.e., direct tension force, direct
compression force, in-plane shear force, and out-of-plane bending. Again, we
agree with Dr. Sozen that precracks of the width thus far evidenced in the walls
of the Midland DGB would not significantly degrade capacities in the several
modes developed by the principal !oadings, anc in their required factored
combinations.

Dr. Sozen did not specifically address the possible influence of an initial rebar
stress which is associated with a self-relieving internal force, that is, a force
caused by foundation settlement. He does not indicate his opinion whether or
not the self-relieving ir.ternal force implied by the initial rebar stress should be
included with the internal forces due to applied loadings or can be neglected
because it is self-relieving. It is our understanding that the Bechtel evaluations
of the DGB for the effects of dead load plus foundation settlement did r~t
utilize the initial rebar stress magnitude estimated by Dr. Sozen but rather
computed it based on the settlement history of the building.

6.3.2.2 Evaluation of DGB Based on Settlement History

The settlement effects were modeled by Bechtel into the structure considering
four distinct time periods. Measured or estimated settlement values
corresponding to each of the time periods were used:

e Case |A: 3/28/78 to B8/15/78 (Structure partially completed to
elevation 656.5") - A long hand calculation was used to determine the
stresses due to early settlements. The structure was assumed fully
cracked and the stresses in the reinforcing steel were assessed based
upon local strains corresponding to an imposed differential
settlement (reference 16).

e Case IB: 8/15/78 to 1/5/79 (Structure partially completed to
elevation 662.0.) - The duct banks were seperated from the structure *
which cousec the north wall to settle rapidly. (reference i7)

610

TERA CORPORATION



e Case 2A: 1/5/79 to 8/3/79 (Structure in process of completion.)-
Surcharge period. (reference |5

- Case 28: Fort:’ year settlement composed of:

. measured settlements from 8/3/79 to 12/31/8l, and

B predicted sacondary consolidation settiement from 12/31/81 to
12/31/2025. (reference |9)

The last three analyses used a finite element model having stiffness
sorresponding to an uncracked ccadition. In these analyses the foundation
stiffnesses have been varied, in an iterative process, to achieve final settiernents
approximating a set of target settlements. These tcrget settiements were based
upon a linear best fit through the measured settlement data. The analyses have
been criticized (reference 2) because the analytically predicted settlements do
not match variations in the measured settlements. It is appropriate to ask
whether the iterated non-linear foundation stiiinesses are realistic since the
target settlements were not the measured settiements but a linear best fit,
essentially assuming rigid motion of the North and South walls. The best fit data
were utilized in on attempt to deal with scatter in the measured data. Such
scatter potentially due to either random or systematic errors was estimated to
e of the order of plus or minus 0.125 inches.

In our opinion the descrited method of accounting for foundation stiffnesses
utilizing the linear best fit data may not be satisfactory for correlation with
observed cracking in relation te differential settlement. We concur that
settlement measurements may not be of sufficient accuracy to permit a
precision computation of settlement-induced internal forces. Furthermore, the

marker locations are spaced at wider intervals than would be desirable as input

1o analyses of building strains. Nevertheless, the general level of stress implied

by the magnitude of cracking is not in contradiction to that which may be -
derived from the measured settlement data, realistically occounting for —

flexibility including consideration of phenomenc such as creep (see section —

R ——
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6.3.3 for o more detailed discussion). As discussed in Section 6.2.2, an exact
determinat on of secondary stress levels is of lesser importance given the nature
of the loading and the fact that capacity is not adversely affected.

In separate sensitivity studies Bechtel engineers considered among others, the
two following cases:

- The zero spring condition analysis (reference 3) which investigated
the structure's ability to span any soft soil condition, A zero soil
spring value was used af the junction of the south wall and east
center wall. Soil valves were increased linearly back to their
original value within @ distance of approyimately 15 feet from the
zero spring. The stresses in the building underwent moderate
increase in the area of the bridging. In our judgement this is a
reasonable approach, but one may ask whether the size and locations
of such postulated "soft" zones were bounding.

e The imposed 40 year settlement analysis (reference 21) which forced
the building to match the predicted settlement values at |0 points
along the foundation. This analysis led to very large reaction forces
at the points of imposed settlements, and some of these acted
downward on the structure, i.e., implying tensions in the soil, which is
not possible. Moreover, the analysis indicated very large rebar
tensile stresses, where at several points a multiple of the yield
strength was indicated. Of course “he structure does not display the
mwi&mwkhmldwwchmwmm For
these reasons Bechtel engineers concluded that the settiement
mhwtummmmnmmndmml
settlement nonuniformities.

w.mwmmmmmwammummwsm
computing settlement effects. However, we believe the described analysis ”.
exaggerates the effects of the displocement input ‘ata which was questioned by -

Mmkﬂ.QnmumMﬂnmlnlsWu\crwwhw —
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used the short-term concrete modulus of elasticity. Appropriate reduction of
the concrete madulus, to reflect creep under sustained loading, would have lead
10 reactions and internal forces perhaps 50 percent less than were obtained.
Decreases in siiffness associated with concrete cracking could result in
additional large reductions. An excellent discussion of the physical and
engineering significance of creep is found in chapter 6 of reference 37.

Perhaps more important, rebar stresses appear to have been computed on the
assumpticn that the local internal tensile forces developed in the uncracked
concete are unreduced by cracking, i.e., this unreduced force is imposed on the
rebars. In our judgment this is not the best physical representation. The rebar
stresses are expected to be more nearly indicated by the local strains in the
concrete (uncracked) than by the forces in the concrete (uncracked). Thus, the
rebar stresses are better approximated by the product of steel modulus and
coscrete strain (uncracked); i.e., by the product of modular ratio, n, (Youngs
modulus of the steel/Youngs modulus of the concrete) and concrete stress.

fs =n fC
in contrast we believe that the following expression was used

fg = | fe
p

where p is the reinforcement ratio (rebar area/section area). This later
expression greutly overestimautes rebar stress. To illustrate, for p = 0.0043 and n
= 8, the suggested approoch gives reba stress about 1/30 of the Bechtel
computed value. While reality is likely in between, and the for mer expression is
approximate, we believe that it iz o closer representation of the existing
situation,
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6.3.3 IDCVP EVALUATIONS

In addition to reviewing the information generated by the project and the studies
performed by others, the IDCVP concentrated attention on two major elements
in the review process:

* Observations of the building and its present state of cracking, and

- The settlement history of the building.
- Settlement data
- Gross stress estimation

6.3.3.1 Building Inspection

A careful inspection of the building was performed together with a review of the
crack mapping data. As it exists at present, many cracks of small size are
evident in the building but there is no evidence to support that these cracks are
indicative of a high state of stress in the building and degraded capacity. Past
experience and laboratory tests indicate that concrete elements in a state of
distress -particularly stiff shear walls of the type in the DGB - exhibit large
deformations and cracks, much greater than present in the DGB. This would
probably be accompanied by scabbing and other phenomena which are not
apparent - the DGB.

Our conclusion from visual inspectio. of the building is that its state of stress is
low and would net impair its performance and functionability. A body of
relevant information developed in industry, university and government programs
and structural experience suppoi 2 this conclusion.

6.3.3.2 Settlement Data
A study of the settlement data recorded between 11/24/78 and 8/28/80 is -

presented in reference 5. We reproduced and expanded this analysis to include i
the most recent data (reference 38). The two time periods covered were from

—— —
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5/12/78 to 9/14/79 (reference 33) and 9/14/79 to 8/23/83 (reference 34). Our goal
was two fold: (1) assess the overall deformation of the building with time and (2)
estimate the random error present in any on: set of measurements. We studied
the following data.

. Cumulative settlement recorded overtime.
2. Incrementai settiement Detween successive recdings.

3. A measure of the curvature between any three
consecutive markers along the foundation as it varies with
time. The curvature d"; at marker i is defined as:

d" = 0.5 (dj.| +dis)) -9
where d; is the total settlement.

The quantity d" equals zero when the three points are on a
straight line; it remains constant in time if the three
points move as a rigid body.

4. A measure of the deformation of the building with respect
to its rigid body motion. The rigid body motion is
"removed" by computing the vertical position of all
markers with respect to the plane defined by three corner
markers. This analysis was done both for each
incremental reading and cumulatively.

An upper limit of the random error in any set of readings is given by the
maximom difference of incremental settlement between any two markers from

one reading time to the next. When the building has not experienced any
settiement between two readings, this quantity is the random error; it bounds it
otherwise. At the beginning of the record, this quantity is large where the
building was undergoing large differential settlements and reading accuracy
might have been reduced by rarker trensfer necessitated by the placement of
surcharge. However, this quantity decreases rapidly and after June 1979 is never
greater than 0.150". After the removal of the surcharge for the readings starting
9/19/79 which we will refer to as the recent readings, the random error is smaller ¥
thon 0.125", 95 percent of the time which would give a random error of about = 3

1116 of an inch. This implies that a higher level of confidence can be given to the —

recent measurements., , -

6-15 %

TERA CORPORATION



Jumps in readings from one period to the next are sometimes large implying that
the building would rapidly move up or down by a uniform amount. These jumps
are attributed to systematic errors in locating the reference elevation.

Figure 6-3 shows the incremental settlement for 6 time periods between July
1978 and August 1979 for the south wall of the DGB. The first three
measurements show large differential deformations and introduction of
curvature in the wall. The latier ones show stabilization of differential
settlements implying that the wall is still settling but as a rigid unit, introducing
little additional in-plane bending. For more recent recordings the stabilizing
trend is even more noticeable. Study of the foundation curvature variation and
deformation of the building with respect to its rigid body motion point toward
the same trend. This is supported by an evaluation discussed in reference 4,
where it was noted that the settlements occ.rring during the time periods
representad by lines ¢ and d (reference 4, figure DGB-7), were those that are
expected of a rigid body. In figure DGB-7, line c represents settlement during
the surcharging period (1/79 - 8/79) and (ine d represents estimated settlement
during the post-surcharge period (9/79 - 12/2025). The point here is that the
early cracking occurred when the building was only partially compieted. Upon
completion, the five sided (four walls and a roof) structure is now responding as @
stiffer, essentially rigid body as would be expected.

Hence during its construction stage, the building underwent substantial
differential settlement that introduced in-plane curvature in the walls with
resulting stress and cracking compounded with normal shrinkage cracking. As
the building was completed and the concrete aged, its tended to behave more and
more as a rigid unit, the whole foundation (or building) moving as a plane (or a
unit). The recent data indicates that for the last four years the building has
generaliy settled as a rigid body introducing relatively little additional distortion
in the structure. We expect this behavior to persist in time.

One may speculate on the mognitude of the absolute settlements over the

service life; however, these are of lesser structural concern to the building
itself, and would only affect clearance to obstructions and connected items.
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These latter elements can accommodate some degree of distortion and can be
modified in the future if warranted.

6.3.3.3 Gross Stress Estimation

Even though we have noted that settlement data may not provide an acceptable
basis for computing settlement effects, it is our opinion that if credit had been
taker: to account for:

- creep and stress relaxation in young concrete,

- reduced stiffness associated with the geometry of the
uncompleted structure

- stiffness reduction due to cracking

the exact recorded settlement could have been imposed on the structure without
generating stresses in gross contradiction to that cbserved via crack patterns in
the DGB. This would have qualitative value to an overall understanding of
building behavior.

In order to improve our understanding of building behavior and to generally
qualify the influence of these effects, we modeled the north and south walis of
the building using a simplified finite element model (reference 38). As a first
order check of our partial modei, we reproduced the 40 year imposed settlement
analysis performed by Bechtel on the uncracked structure. We obtained stresses
within 25 percent of Bechtel's which is reasonable considering the simplified
model we used.

We imposed the recorded settlements on the incomplete wall for Case |IA and 1B

and on the complete wall for Case 2B. For cracked concrete, the stresses were
computed as described in Section 6.3.2.2.
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The following approximate maximum values of stress were obtained:

LOADING STEEL
(ksi)
CASE 1A 1.3
CASE 1B 3.5
CASE 2A 4.6

This leads o a total stress of 19.4 ksi which is in good agreement with Dr.
Sozen's independent analysis (see section 6.3.2.1 and reference 10).

We recognize that the above anclysis represents a simplified approximation of
the very compli.ated effects of creep and cracking but it provides a qualitative
estimate of the state of stress of the building.

We believe the rasults of our analyses, properly interpreted are both useful and
positive, specifically.

B When modified for the effect of concrete creep and
concrete cracking the foundation reactions when
combined with reoctions due to dead load, would not
imply a physically impossible state of tension stress in the
soil.

- When the rebar tension stresses are properly determined,
that is on the bas's of strain in the uncracked corcrete
rather than on ‘he basis of stress in the uncracked
concrete, they are quite modest rather than
unrealistically large.

6.3.4 IDCVP Assessment/Interpretation of Results

In our opinior. the settlement-induced internal forces implied by i~e associated
rebar stresses, as they presently exist in the Midland DGB will not degrade the g A
capacities to resist the internal forces and moments caused by the factc. ed load
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combinations and therefors the DGB is expecied to mee’ its intended
performance requirements. There is reason to believe as supported by recent
observations, that the completed building is settling as a rigid unit based upon
the stabilized foundation prope-ties. In this mode, the DGB capacity is not
expected to be compromised over time. We believe that the settlemernt-induced,
self-relieving, internal forces implied by the present crack widths and associated
rebar stresses could safely be ignored in evaluating the building. However,
licensing criteria include certain load combinations in which it is specifically
required to include the settlement-induced internal forces. Based upon our
knowledge of available margins associated with controiling lc .d combinations,
we believe that compliance with these criteria can generally e demonstrated,
appropriately accounting for creep, relaxation and other phenomena; however,
wedonotmdoruwchm.ndoavwbocwaof’honcombrymturcof the
settlement induced loads and the fact that capacity is unaffected.

6.4 SERVICEABILITY, FUTURE CAPABILITY, ANL AONITORING

The previous sections address the significance of settlement induced cracking on
the performance capability of the DGB in its current condition. It is important
that the DGB contin s to meet specified performance rec: irements over its
service life; hence, this section addresses serviceability of the DGB and cny
actions that may be necessary to identify and mitigate potential future
conditions which could cormpromise the DGB per formance.

6.4.] Midland Project Eva’sations and Commitments

The effects of cracks on the serviceability of Midland plant structures were
addresse in reference 12. Three principal issues were evaluated:

. Freezing and thawing resistance,

B Chemical attack, and
® Corrosion of reinforcement
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It was concluded in reference 12 that observed cracks are not expected to have a
significant influence on the durability of the DGB. Accordingly, remedial
measures such as epoxy injection were considered unnecessary to ensure long
term performance capability. Nevertheless, CPC committed (reference 35) to
repair exisi.ng cracks which are 20 mils and larger (up to a point in length where
the crack remains 10 mils or larger) by epoxy injection and apglication of a
concrete sealant to accessible surfaces.

A Technical Specification (TS) 16.3/4.13 (reference |3) has been pruposed to
monitor settlement over the service life of the DGB. The specification requires
that the total settlement be measured (to nearest 0.0l foot) at least once every
90 days for the first year of operction. The frequency for subsequent years has
been left for future deter.nination. The total allowable settiement
corresponding to predictions for the service life (12/31/81 thru 12/31/2025) has
been specified at 12 markers. Engineering evaluations are required if total
settlement reaches 80% of the alicwable values (Alert Limit). Additionally, the
inspection frequency is to be increased to once every 60 days if the 80% level
has been reached.

If the DGB exceeds total allowable settiements, the plant must initiate actions
to be in cold shutdown within 30 hours (Action Limit).

CPC has also committed to conduct a crack width monitoring program
(reference I4) which includes individual crack width and cumulative crack width
measurements at 3 locations over a 10 foot gage length. This program will be
conducted once every year for the first five years of operation and at five year
intervals thereafter., The following criteria apply:

Alert Limit Action Limit
single crack 50 mils 60 mils
cumulative cracks 150 mils 200 mills
(over 10’ gage length) 5
g
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|dentical actions as defined in T.5. 16.3/4.13 are required if these limits are
reached.

6.4.2 IDCVP Assessment

We concur with the conclusions drawn in reference |2 relative to the influence of
existing cracks on the performance capability of the DGB and its centinued
serviceability. While significant future cracking is unanticipated, it would only
be in these circumstances that we would recommend remedial actions such as
epoxy or sealant application to insure continued durability. Furthermore, should
such procedures continue to be contemplated for purposes of potential increased
protection, w2 urge that applications of any compounds not be made in such a
mannes as to mask surfoces so thot cracks are not visually occessible.
Notwithstanding the potential future inconvenience of removing compounds from
selected surfaces, there is a potential that these compounds may influence
behavior and modify surface expression of cracks, making future engineering
evaluations more difficult.

We recommend that consideration be given to modifying T.S. 16.3/4.13. The
following points summarize our evaluation and our recommendations.

e Visual inspection - The building shouid be examined
visually twice a year in concert with an evaluation of
settlement data to identify any unusual devictions in
crack patterns and gross changes in dimensions. This may
represent an additional commitment.

- Total allowable settlement - These limits should be based
structural/mechanical performance requirements
considering items such as the physical clecrances to
obstructions (e.g. duct banks) and permissible deflections
for attoched items (e.g. incoming fuel lines).
Notwithstanding these considerations, absolute
settlements and corresponding rigid body motion of the
bui is of minor concern to building performance
capability other than as it might affect clearances to
obstructions and connected items. The existing limits
may trigger potentially unnecessary evaluations. A 90-
duruwylnhmlmnamwh for the first year
of operation. This approach may represent @ redefinition
of certain total allowable settlement limits.
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- Differential settlement
- Diesel Generator Building

Forces induced by differential moticn with'n the
DGB are of interest, but rally only at a time at
which crack width levels cpproach an order of
magnitude greater than has been observed.
Capacity is not expected to be degraded for
settlement induced cracks with sizes up to this
general level. Even at this point, the residual state
of secondary stress in the DGB may be low due to
foctors discussed in Section 6.3; however, one must
evaluate shear transfer mechanics across crack
baundaries of dimensions of the same order as the
fracture surface roughness. [t is recommended for
consideration that limits for differential motion
between points within the DGB (discounting all rigid
body components of motion) be specified such that
these motiuns are correlated with potential future
crack widths up to an order of magnitude greater
than has been cobserved to date; thus providing
functionally defined limits for differential
movements. Remedial effort to protect externcl
surfaces may be considered at approximately half
these values. The program may include
development of an initial set of data which would
provide a baseline for potential future reference.
Additional survey data would be collected in the
future if indicated by the visual inspection program
and absolute settlement mecasurement surveys. |f
adopted this opproach may represent a redefiniton
of allowable settlement limits and a restructuring of

the proposed tech specs.
- Diesel Generator Pedestals

Although, relatively of lesser concern, at such a
time as the diesel generators are run for an
extended period, potential differential moverrent of
the isolated diesel generator pedestals is of interest
as such movement may affect connected lines.
Accordingly, we endorse continued monitoring of
pedestal settlement and comparison to functionally
defined differential movements.

We conclude that the committed crack monitoring program will produce results
which are of engineering interest but not necessarily of safety significance.
Accordingly, we do not see a need to specify alert and action limits based upon--
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this program. We base this conclusion primarily on the limited number of
locations to be monitored and the fact that appropriate loca*ions are difficult to
determine a priori, not knowing how the building will behave in the future. One
could specify locations based upon predictions of future response, but if the
building responds as predicted, this will be of less interest then if it does noft, in
which case alternate locations would be more desireable. This is related to our
recommendation not to mask surfaces through application of new compounds.

In summary, we conclude that the per formance characteristics of the DGB are
not likely to be compromised over its service life. Various commitments have
been made by CPC to verify continued servicecbility. While we conciude that
several of these commitments may not be totally necessary, we do not view that
safety will be compromised by the specified actions. Certain improvements may
be made which may produce valuable information and reduce operational

constrainis.

623

TERA CORPORATION



SNOII VD0 1 HDRIVW INIWIULL IS

%
TERA CORPORATION

ONIGING HO1VHINTD 135310
-9 304
ol 1z
nﬂl- l-*-l L.x—
RS R C#-3%08
$. 4 “m O | I
CET REA &
\ ) Red )
1 9\ €l Z\ 6
oo/ e oL e JolL -







7.0 CONCLUSIONS

As the diesel generator building exists today it is quite capable of performing its
intended design functions. Many cracks of small size are evident in the existing
bulldlngbmm«oisnommwwMcrodu—inspifcofﬁn
various possible mechanisms of origin - generally of small size, would be
indicative of a condition thut would suggest the DGB is incapable of performing
its function. It is our belief that in its present condition this building is fully
functional in all respects. Although we believe it is improbable, if excessive
localized differential settiement is observed, remedial corrective measures could
be undertaken to improve serviceability.

The committed monitoring program clearly will reveal any potential distress. It
is sugoested that a comprehensive visual inspection of DGB be carried out
biannually (twice a year) in concert with the settiement measurement program.
In Section 6.4 we have offered certain recommendations for consideration that
are intended to improve information collected cnd reduce operational

constraints.
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s, UNITED STATES
~d NUCLEAR REGULATORY COMMISSION
" WASHINGTON, D. C. 20656

OCT £1 883

MEMORANDUM FOR: James P. Knight, Assistant Director
for Components and Structures Engineering
Divisfon of Engineering

FROM: Pao-Tsin Kuo, Section Leader
Structural Engineering Section B
Structural and Geotechnical Engineering Branch
Division of Engineering, ONRR

SUBJECT: REPORT ON THE REVIEW OF THE DIESEL GENERATOR
BUILDING AT MIDLAND

References: 1. Memo from R. F. Wanick, Region III to D. G. Efsenhut
NRR/DE, "Evaluation of Dr. Landsman's Concerns Regarding
the Diesel Generator Building at Midland," dated
July 21, 1983.

2. Memo from R. H. Volimer, DE to D. G. Efisenhut, DL
"Evaluation of Dr. Landsman's Concerns Regarding
Diesel Generator Building at Midland," dated
July 21, 1983.

Pursuant to Reference 2 above, a task group, consisting of three members of
the Structural Engineering staff and a consultant team of Brookhaven National
Laboratory, was formed to re-evaluute the structural design and construction
adequacy of the Midland Diesel Generator Building (DGB). The group, headed
by P. T. Kuo, reviewed the design review documents and the construc*ion
reports; physically inspected the building; interviewed concerned individuals,
including Dr. Landsman; and prepared a fina® report on the adequacy of the
Midland NPP Diesel Gerarator Buflding. The final report on the adequacy of
the Midland DGB 1s enclosed. '

The task group's conclusions and recommendations are summarized as follow::

1. The settlement data irdicate that the f111 under the DGB 1s well into
the secondary conso'ication phase so that large additional settlements

are not anticipated;

2. It is judged that t 1s reasonable assurance that the structural
mgr_m«nt,m [GB will be maintained and 1ts functional requirement
fulfilled. However, 1t 1s difficult to show that the stresses in the
DGB can meet the criteria of the FSAR. The stresses due to settlement
nr: either underestimated or overestimated by the Applicant's previous
analyses;
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3. The most reasonable estimate of stresses due to settlement is based
on the crack width data. However, the calculations that have been
done in this area need to be completely documented;

4. There is evidence that the number of cracks in the DGB is continuing
to grow. It is essential that a more accurate and reliable crack
nonifoi?ng program be established; and

5. The monitoring program should_ggggiﬁx_gg_ggg;%rg;:ftuy1dth Tevel that
would reflect a sufficient stress margin ava “resist critical
load combinations. The monitoring program should mandate structural
repairs if the Alert Limit (in crack width) were exceeded.

R/
o-Tsin Kuo, Section Leader
tructural Engineering Section B
Structural and Geotechnical
Engineering Branch
Diyision of Engineering

Enclosure:

As stated

cc: H. Denton

D. Eisenhut

R. Yolimer

G. Lear

E. Adensam

D. Hood

N. Romney

C. Tan

R. Landsman, R III
F. Rinaldi

J. Kane

CONTACTS: C. P. Tan, SGEE

x28424

N. D. Romney, SGEB
x28987
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JIESEL GENERATOR BUILDING AT MIDLAND
OCTOBER, 1983

RY
Or. Chen P, Tan
Mr. Norman D. Romney
Dr. Pao-Tsin Kuo, Task Group Leader
Structural Engineering Section B

Structural and Geotechnical Engineering Branch
Division of Engineering, ONRR
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Assisted By: 1'e T Tap-5145
e i
Professor Charles Miller ~ 7
Professor Carl Costantino . -\ . _ &_ 7./ -,
Dr. A. J. Philippacopoulos - 1 wher © S
Dr. Morris Reich .¢ . . GG -2
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1. INTRODUCTION

The Diese! Generator Building (DGB) at the Midland Nuclear Puwer Plant (NPP)
is a reinforced concrete structure which has undergone excessive unequal
settlement since its construction. The concrete walls of the DGB have been
more extensively cracked than usually expected of such a concrete structure.
On the basis of review and evaluation of the Applicant's (Consumer Power Co.)
various analytical studies, remedial measures taken, and the commitmencs made
and of the staff's own assessments, the original structural engineering staff
reviewer came to the conclusion that the DGB was acceptable. However, an NRC
regional inspector disagrees with the conclusion as to the acceptability of
the DGB and has expressed his concerns in a hearing before a Congressional

Government Oversight Committee.

In the wake of this controversy, the Division of Engineering (DE) formed an
independent Task Group to re-review the structural adequacy of the DGB. The
Task Group consists of three vembers from the structural engineering staff
and a consultant team from Brookhaven National Laboratory. The consultant
team provides expertise in both structural and geotechnical engineering. The
charter of the group and its composition, the names of the Staff, and its
consultants involved are included in Appendix I to this report. The Charter
of this Task Group has three elements that are interwoven and do not lend

themselves to neat separation. The Task Group was charged:

(1) to re-evaluate the structural design and construction adequacy of the
DGB as accepted by the structural engineering staff reviewer



B

(2) to assess the concerns as indicated by comments from other NRC

personnel, and
(3) to make recommendations to resolve any lingering concerns.

It is acknowledged that the Task Group has had outstanding cooperation from
the Applicant, the structural engineering staff reviewer and its consultants,
the geotechnical engineering staff reviewer and its consultant, and NRC
Region 111 Inspector, in either group's on-site inspection, interviews, or
design audit in Applicant's A/E office. It is this cooperation that enables
the Task Group to assemble all the necessary information and facts in a short
period of time. The chronology of the group's various activities and persons

contacted are presented in Appendix I1 to this report.

An independent report written by Brookhaven National Laboratory is included
in Appendix 111 of this report,

2, DESCRIPTION OF THE DGB AND ITS PROBLEMS

The DGB 1s a two-story, box-type reinforced-concrete (RC) structure with
three cross walls that divide the structure into four cells, each of which
contains a diesel generator unit. The building is supported on continuous RC
footings 10' - 0" wide and 2' - 6" thick founded at plant elevation 628' and
resting on a fi11 that extends down to approximately elevation 603'. The
building has exterior wa'l thickness of 30", roof slab and interior wall
thickness of 18*. Plan dimensions of DGB are 155' x 70 with a total
internal height of approximately 44'. Each diesel generator rests on a 6'-6"
thick, RC pedestal that is not structurally connected to the building
founcation. Figure 1 shows the general layout of the DGB.



The DGB as implied by its name is a building which houses the diesel
generators and is classified as a seismic Category I structure. As such it
is designed against the effects of extreme environmental conditions such as
seismic load and tornado wind load. The latter includes a wind pressure, a
differential pressure and tornado missile impact. The use of thick exterior
walls and roof slab is basically a result of the consideration of the effects

of the tornado missile impact load.

When the building was approximately 60% complete, unusual settlement and
cracking of concrete walls were observed. The building was settling due to
the consolidation of the underlying fill while it was partially supported
along the north portion by four electrical duct banks acting as vertical
piers resting on natural sofl below the fill. A soil boring program to
determine the quality of the backfill under the foundation discoverea that
the fi1' was uncontrolled and improperly compacted. The fill consisted of
both cohesive soil, granular soil and lean concrete. The fill ranged from
very soft to very stiff for cohesive soil and from very loose to dense for
granular soil, At the time of the soil exploration, th- groundwater level
was observed to be ranging from elev, 616' to 622° and the cooling pond,
located about 275 feet south of the building, had a water level at
approximately elev, 622°',

In view of the condition of the DGB as described above, it was apparent that
corrective measures must be taken to relieve the DGB from its distress. ‘he

remedial actions taken by the Applicant can be susmarized as follows:



(A) Separate the DGB from the duct banks - The duct banks entering the DLB
were isolated from the building, thus relieving the building from the
effects of the rigid supports.

(B) Surcharge the DGB and the surrounding area - The purpose of the
surcharge was to accelerate the settlement and consolidate the fin
material so that future settlement under the operating loads would be

within tolerable limits.

(C) Install a permanent dewatering system - The purpose of the permanent
dewatering system is to maintain water level below elev. 610" in the
area of DGB, thus minimizing the potentiai of liquefaction of the loose
sands contained in the fill,

The effects of the remedial measures taken can be observed from the amount of
settlement which the DGB has gone through as inaicated in Figure 2 and also
from the crack sizes and crack patterns of the walls as shown in Figure 3.
Details of both settlement and cracking issues are discussed in the following

sections.

3. SETTLEMENT AND CRACKING ISSUES

As a result of the remedial actions taken by the Applicant, it appears that
the settiement of the DGB has mostly stabilized. However the fact still
remains that the building has undergone unusual settlement and its wal's have

experienced extensive cracking. It has given rise to the concern of the DGB's



structural capability to fulfill the function of protecting the
safety-related equipment located therein as originally designed. In order to
alleviate this concern and to assure that the structural integrity is
preserved, the Applicant undertook a number of structural re-analyses using
the FSAR criteria and the ACI 349 criteria and taking the settlement and
cracking into consideration. On the basis of the results of the re-analyses,

the Applicant concluded as follows:

(a) The settlements during early stages of construction and during the
surcharge did not cause any unusual distress or significant loss of
structural strength. As a result of surcharging, future settlement can
be conservatively predicted and will not be excessive. The installation
of the permanent dewatering system has eliminated any potential for
Tiquefaction of the sand backfill below the DGB during a seismic event,

(b) Cracking of the walls during construction and surcharging has not
impaired the ultimate strength of the structure.

(c) The building will be re-evaluated for its structural adequacy when the
aliowadble 1imit for the cracking width is exceeded under the astablished

monitoring program, thus insuring its safety function.

The structural engineering staff reviewer and its consultants with findings
of their own independent assessments in essence concurred with the
Applicant's conclusions. However, the geotechnical engineering staff
reviewer and its consultant together with the Region III inspector disagreed.



A major point of contention was that the Applicant's analyses linearized the

unequal settlements and thus the effect of unequal settiements has not
properly been considered. The Region III inspector also contended that,
because actual cracking of the concrete walls was not considered in the
Applicant's analyses, the rebar itresses as calculated by the Applicant were

not representative of the stress for the loading combinations considered.

In what follows the Task Group shall present its major observations of the
analyses performed by the Applicant and by the consultants to the structural
engineering staff, the issues raised, and its assessment of the Applicant’s

conclusion on the DGB structural integrity.

4. STRUCTURAL RE-ANALYSES

In the preceding section, it is indicated that the Applicant has made a
number of structural re-analyses and used the results of the re-analyses to
justify the DGB structural adoquacj. and that there have been concerns
expressed as to the appropriateness of the re-analyses. The essential

elements of the applicant's re-analyses are succinctly summarized.

Settlement Anclyses

Settlement of the DGB is time-dependent and load-dependent, but a complete
and accurate settlement history does not exist. On the basis of the
availability of the measured or estimated settlement values at various stages
of construction, four cases of settlement analyses were performed by the

Applicant as listed in Table 1, with the corresponding settlement values



shown in Figure 2. With the exception of Case 1A which was analyzed by long

hand computation and by idealizing the partially completed DGB as a series of
individual beams, the other three cases were analyzed by computer through the
discretion of the DGB into a number of finite elements as exemplified in
Figure 4. Case 1A was accomplished by passing deflection curve through any
three measured neighboring settlement points and selecting the one with the
larg.st curvature for moment c.mputation, and eventually, stress
determination. This calculation indicated that the measured displacements
would result in a maximum rebar stress of 11 ksi. For the other three
settlement cases, individual finite-element models were used. For settlement
Case 1B, the finite-element mode! represents the structure as built to el.
662 f 0 in.

For settlement Cases 2A and 2B, the finite-element model represents a fully
completed structure. For Cases 1B, 2A, and 2B, springs were typically
calculated at each nodal point along the foundation by dividing the
structural load represented at the selected point by the measured or
predicted settlement at that point. The finite-element analysis of each case
then involved several iterations in which the soil springs were varied until
the deflected shape of the DGB, as calculated by the model, approximated the
“best fit" settiements. The resulting deflections of the DGB from these
analyses as shown in Figures 5 and 6 are not in conformance with the measured
values and are almost linearly related. The magnitude of stresses would
depend on the final cycle of {teration selected and would bear no
relationship to the actual stresses resulting from settlement. Other

analyses performed by the Applicant consisted of (1) using zero and near zero

soil springs to




simulate the soft soil condition, and (2) considering the DGB to be simply
supported. The purpose of these analyses was to study if thg DGB has the
capability of bridging voids and soft spots in the soil.

In an attempt to provide more insight into the problem the consultant to the

structural engineering staff was requested to make an independent analysis by
using the measured settlement values at 12 locations as input. It was found

that the DGB should have cracked extensively and yielded to failure.

However, the cracking condition as exhibited by the DGB does not bear out the

conclusion of the aralysis. It was, therefore, concluded by the staff's

consultant that the DGB did not experience the settlement as measured and

that the analysis did not reflect the actual settlement hiitory of the DGB.

——— ——

Cracliig,hnalx;j;

Cracks in reinforced concrete (RC) members may be caused by the conditions of
hardening or curing of the concrete (its shrinkage) or by excessive stresses
in the materials (induced by too heavy loads, settlement of the footings
and/or changes in temperature). Cracks due to excessive stresses appear most
frequent in the tension zones and are seldom encountered in the compression
zone of concrete members. Cracks in the RC walls of the DGB are caused by a
combination of shrinkage, unequal sett’ement and temperature changes.

Drying shrinkage and thermal contraction cause shallow cracks at surface.As
soon as the cracks are formed the tensile strain is relieved. In the case of
cracks due to unequal seitlicment the tensile strain is to be resisted by the
reinforcing steel. The purpose of the cracking analysis is to determine the
rebar stresses from the measured crack width, First, the Applicant made an



analysis of a single through crack in a subsection of the east wall of the
0GB by using the Automatic Dynamic Incremental Non-1inear Analysis (ADINA)
computer program. The purpose of this analysis was to evaluate the ultimate
capacity of a concrete section containing a single crack. As such, the
results of the analysis are of only limited value in assessing the effects of
the cracks. As a further attempt to resolve the concerns on cracking, the
Applicant sought the opinion of Professor M. A, Sozen of the University of
I11inois. On the basis of the crack patterns and crack-size, Prof, Sozen
estimated the itresses in the rebar across the cracks to be in the range of
20 te 30 ksi.

The structural engineering staff reviewer also made his own assessment by
combining the rebar stresses estimated from crack widths with stresses
resulting from the Applicant's analyses for other operating loads. It showed
that the f"““‘"t_jf::ﬁﬁ\ﬁff_!jff!f,}!!\jfi!gffﬂfﬁ,:f1§9!" (Tr. 11086).

In order to assure the structural integrity of the DGB, the Applicant has
proposed a crack monitoring and evaluatinn program to be used during the life
of the DGB, in addition to an inftial repair program, Specific acceptarce
criteria (1.e. alert 1imits and action 1imits) for crack width and crack
width increases have been specified by the structural engineering staff
reviewer and agreed to by the Applicant,



5. VIEWS ON THE ISSUES RAISED

The four concerns as raised by Region IIl inspector, Dr. R. B, Landsman, are

directly quoted from his memorandum to R. F. Warnick, Director, Chief of

Special Cases of NRC Region 111, dated July 19, 1983, as follows.

1. Concern:
"My first concern deals with the finite element analysis that Consumers
Power Cal::ny (CPCo) used to show that the building is structurally
sound. Their model of the building assumed a very rigid structure
without any cracks, The building has numerous cracks, reducing the
rigidity of the structure. The effects of these cracks have not been
taken into account in the analysis. CPCo's interpretation of the
settlement data as a straight line approximation always stems from their
position that the building 1s too rigid to deform as indicated by actual
settlement readings. The settlement of the building occurred over a
period of time during different phases of construction. It is this time
dependent effect that was also not used in their model. Even CPCo
expert Dr. Corely testified at the ASLB hourin?s that the analysis
should have "taken into account cracking and time dependent effects” in
order to give correct results., Finally, the staff's official position,

as stated by Dr. Schauer, on CPCo's analysis was, "The staff takes no
position with regard to that analysis.”

Comment :

The first part of this concern {s that the cracks have not been
considered in the Applicant's analyses. As indicated in previous
discussion, cracks in the walls of the DGB are due to a combination of
shrinkage, unequal settlement and temperature changes. Ordinary drying
shrinkage and temperature change cracks are generally surface cracks.
As soon as the cracks are formed, the tensile strain is relieved.
Cracks due to differential settlement are generally throufh cracks
across the wall thickness and, therefore,reduce the stiffness of the
structural members, Structural engineers involved in reinforced

concrete design are well aware of this fact. In order to take cracking
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of structural members into consideration, structural engineers first
assume these members are uncracked and perform the structural analyses
to obtain the moments, shears and axial forces required for the design
of member sections. in designing the members concrete is then assumed
to be cracked and coes not take tension. Such a procedure of analysis
and design is a standard practice anc is, in fact, recommended by the

ACI 318-77 code.

The second part of this concern is that the actually measured
settlements have not been used in the Applicant’'s analyses.

From the settlement data available it is obvious that settlement was
continuing with the progress of construction with the maximum attained
after the removal of the duct bank restraints and at the end nf
surcharging. In the early stages of construction the components such as
the continuous strip footings, and wall portions ferming the lower part
of the DGB were most 1ikely very fiexiule, and deflected in conformance
with the settlement without cfeiting any excessive stresses in the
as-built portion of the DGB. inere might be cracks in some of the
components of this portion of the DGB due ‘o shrinkage and’or
displacement of the green concrete as 1 result of settlement. In order
to adequately corsider effecis of settiement over the perioZ of time
during different phises of ccnstruction, the analytical iodels would
have to be differery for difrorent phases of construction and to be

meaningful there should be settlosesnt mezsurements corresponding to each
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phase. However, there are no such detailed settlement measurements
available, especially for the early stages of construction.

The settlement measuremerits which are available correspond to those in
the later stages of DGB cunstruction, that is, when the as-built
portions of the DGB are relatively rigid. The Applicant performed three
separate finite element analyses for which measured and/or predicted
settlement values are available. The measured and/or predicted
settiement values ar2 used as data points in linearizing the settlement.
The differences between the measured/predicted settlement values and the
resulting linearized values have been discounted as survey inaccuracies.
This is basically equivalent to assuming that the north and south walls
underwent rigid body motions. The computed stresses from this model are
due to racking only. The stresses obtained in the process of
linearizing the settlements, therefore, do not represent the actual

settlement stresses.

The use of survey inaccuracies to discount the differences between the
measured/predicted settlements and the lincdrized values is not
convincing in view of the fact that all the settlements have not

occurred after the completion of the DGB construction.

The third part cf this concern is that the time dependent effect has not
been considered in the Applicant's analyses. The Applicant has
considered the four stages of construction, therefore the time factor
has been taken into consideration but in a very gross manner. As

indicated in the preceding comment in order to assess accurately the
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stresses in the walls of the DGB, detailed ‘nformation on wall cracks
(time-dependent) and on settlement values (also time-dependent) would be
required for each step in the construction. There is nc detailed
information on either the cracks or the settlement values to cover the
whole time span of construction. Basically this portion of the concern

is inherent in the¢ above two portions of the concern.

The fourth portion of the concern is that the structural engineering
staff reviewer has taken no position with respect to the Applicant's

analysis., From the preceding comments it is obvious that the adequacy

of the App]i&ant's settlement analysis is questionable and it cannot bg

relied on to reach any conclusion. The structural engineering staff

reviewer took a prictical approach by ignoring the analysis, and

_resorted to the solution through crack analysis.

Concern:

"My second concern deals with the acceptance of the diesel generator
building in the SSER #2 which was suhject to the results of an analysis
to be performed by the NRC consultants using the actual settlement
values. The consultants testified at the ASLB hearing that this
analysis gave unacceptable results and this portion of the SSER should
be stricken. ihey are basing their unacceptable results and comments on
their finding of very high stresses obtained in areas where no cracks
exist. Therefore, the actual settlement values are not accurate enough
(are in error) to be used in an analysis. The consultants, as well as
CPCo, ran a linear analysis (structure always in the elastic range)
instead of a plastic analysis which would allow a2 redistribution of
loads in the structure. Therefore, supposed areas of high stress, where
cracks are not located, may not exist due to redistribution of loads.
Finally, the staff's official position, as statea by Mr. Rinaldi, on
this analysis as performed by the consultants, was that the actual
settlement values could not be relied upon to determine 1f the diese)
generator building meets regulatory requirements.”
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Comment :

The first portion of concern is that the structural engineering staff
reviewer disregarded the results of an analysis done by its consultants
on the basis of the actual settlement values. This portion of the
concern is in essence the same as the first concern. It is indicated in
the comment on the first concern that the setltlement was continuing with
the progress of construction. When the strip footing concrete was
placed, settlement started. Since the footing is 2 comparatively thin
slab, it would likely deform with the settlement without creating
excessive stresses. With the build-up of the walls, settlement
increzses and rigidity also increases. WKhen the intermediate floor slab
and the roof slab were completed, the complete structure became a very
rigid structuie and any settlement should be nearly linear unless there
were weak sections across the building. To analyze the completed DGB on
the basis of the settlement values which were accumulated during the
construction and after its completion would result in exceedingly high

stresses which are not represent:tive of the actual values.

The second portion of this concern is that the staff has not used
plastic analysis. It is suggested, that in order to conform to the
measured settlement values a plastic analysis should be made to allow .
redistribution of lozds in the structure. This cbservation is valic
providing that rebar in the walls and slabs of the DGB have undergone

yielding and plastic hinges have formed. It is the judgment of this Task
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Group that, without the knowledge of accurate geometry of the DGB at the
various phases cf settlement, a non-linear model accourting for plastic

effects would not be meaningful.

The third portion of this concern is the staff's official position that
the results of the analysis by the staff's consultants on the basis of
actual settlement measurzments cannot be relied upon to determine if the
DGB meets regulatory requirements. From the >receding comments, one
cannot accurately calculate the stresses in the completed DGB without
settlement data from the initial phase of construction. Given the

unavailability of the data necessary to complete the input to the

analysis by the staff's consultant, the previously stated staff position

is reasonable.

S ———

Concern:

“My third concern deals with the fact that we are not following normal
engineering practice in accepting the building by using a crack analysis
approacn because there is no practical method available today to analyze
a complex structure with cracks in it. The basic of this concern is
that there are no formulas available that can estimate stresses in a
complex stress field 1ike those which exist in this building. Thus, the
evaluation of the structure based on the staff's crack analysis using
empirical unproven formulas to determine the rebar stresses is
unacceptable.”

Comment :

This concern is related to the use of crack analysis to accept the DGB.
Contrary to the concern expressed there are computational tools
available to relate crack width tc rebar stresses, but in effecting the

analyses one still has to make some major simplifying assumptions which
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requires the judgment of the analyst. The results of such analyses in
most 1ikelihood will not be exactly the same as what actually exists.
In the case of DGB the estimation of rebar stresses from the sizes of
cracks is admittedly an approximation. However, it is the judgment of

the Task Group that this is the only practical approach availadle to

evaluate the DGB rebar stresses.

In evaluating the rebar stresses estimated from crack widths the
following, as a minimum, needs to be considered and documented by the
Applicant: whether or not the cracks are through the wall thickness;
the sizes and locations of the cracks; whether or not the cracks are
growing in width and/or length; whether or not the number of cracks are

increasing; and whether the estimated rebar stresses due to settlement

po—

are less than the allowable values after accounting for load

Eaibinations is made.

Concern:

"My fourth concern deals with the staff accepting the building by
relying on a crack monitoring program to evaluate the stresses during
the service life of the building. If cracks exceed certain levels,
recommendations will be made for maintaining the structural integrity of
the building. The basis for my concern deals with the lack of crack
size criteria and the lack of formulated corrective action to be taken
when the allowed crack sizes are exceeded.”

Comment:
This concern questions the staff's accepiance of the DGB on the basis of

a crack monitoring program which is not well defined in crack size

criteria and in corrective action. The DGB is designed for combinations
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of dead, live, tornado and earthquake loads, and therefore it is
expected to be able to resist these loads and their loading combinations
with adequate margins of safety as designed. However, as a result of

settlement which was not considered in the original design, the margins

of safety have been reduced to some extent and there is some uncertainty

as to its capability to resist the design loads. The purpose of

monitoring the cracks is to insure that if there is any change in the
condition of the structure it will be observed and appropriate actions
can be taken, if necessary. The structural engineering staff reviewer
has specified and the Applicant has agreed to the crack size criteria
and the corrective action to be taken when the allowed sizes are
exceeded. The Task Group is of the opinion that, while the approach is
reasonable, details of the program should be further examined and
improved. It should also be noted that the crack monitoring program
should be in complement with a settlement monitoring program, since any
assessment based on either of the two monitoring programs alone may be

misleading.

6. AN ASSESSMENT OF THE DGB

Before assessing the structural adequacy of the DGB, let us examine
general characteristics of structures in their capability to adapt to
the settlement of the foundation soil. Structures may be classified as
highly flexible, practically flexible, highly rigid and practically
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rigid on the basis of their deformability with respect to the settlement

of the foundation soil.

Highly flexible structures follow the displacement of the foundation
soil surface at all points. An example of such a structure is an earth
embarkment. Non-uniform (differential) settlements do not give rise to

any complications in the deformation of such a structure.

Highly rigid structures either have a uniform settlement when subjected
to a symmetrical load with symmetrical distributior of the soil
compliance, or else tilt without bending. As an example of this are
grain elevators, factory chimneys (smoke stacks), blast furnaces, etc.
These structures level nut the settlements, i.e., they perform in
conjunction with the soil bearing ma.erial. It is because of
re-distriﬁution of the pressure by the structure that differential
settlement effect of the supporting material diminishes.

r-actically rigid structures, which include most buildings and many
engineering structures (multispan trestles and bridges with continucus
structural members, reservoirs, storage tanks, etc.), cannot closely
follow the foundation soil deformations at all points and, because of
differential settlement, are subject to bending. Such structures level
out only in part the non-uniform settlements of the foundation soil
surface. This results in the development of additional forces in the
supporting members of the structures, which are usually disregarded in
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the course of their designing. Hence the possible development of cracks

in such members.

Practically flexible structures largely follow the displacements of the
soil surface, i.e., they bend (such as low single-story buildings), but
over short sections they are capable of levelling out to a certain
extent the differential settlement. This resulis in the emergence of
usually insignificant additional forces in the supporting members. In
the event of highly non-uniform settlements these forces can cause the

development of cracks and fractures.

On the basis of above classification and because of the box-type
construction with heavy reinforced concrete walls and slabs, the
completed DGB can be considered as a highly rigid structure. However,
in the process of construction, the as-built portions of the DGB at
different stages of construction can be considered to vary from highly
flexible, practically f1ex1blé. practically rigid to highly rigid. It
is believed that most of the .ettlement and setilement cracks appeared
at the various stages of construction. However, the cracks have not
oeen carefully studied and mapped at each stage of construction so that
a reasonable correlation of the cracks with all the causes can be
established. Only the cracks which were mapped in January 1980 have
been identified as shrinkage and/or settlement cracks. Most of the
cracks which have been identified to be due to unequal settlement are
the cracks in the cross-walls, the movement of which was restrained by

the duct banks.
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The DGB design, as indicated by Applicant's analyses, is controlled by
the tornado wind. Under such a load, especially the postulated internal
pressure, the full strength of the walls will be mobilized, and there
will be a redistribution of the load, 1f there exist localized high
stress areas. This will! also be true if the seismic loads are
considered. One can make such judgments on the basis of the observation
that the DGB is a highly redundant structure. The structural elements
are not columns and beams. They are heavy reinforced concrete walls and
s!abs.‘gégg‘necessary repair work to be done and with adeguate
monitoring programs, there is reasonable assurance that the structural
iﬂﬁfﬂfjty of the DGB will be maintained and its functioral requirement
will be fulfilled.

7. CONCLUSIONS AND RECOMMENDATION

Most of our conclusions have been expressed in our comments to the

concerns, fhey may be summarized as follows:

1. Analyses of the DGB either by linearizing the settlements or by

applying the settlements as measured render unrealistic results.

The stresses due to settlement are either underestimated or
overestimated. A realistic analysis would be one which simulates
the stage-by-stage construction of the DGB, and uses the actual and
more detailed settlement measurements at each stage. However, such

settiement history for the DGB does not exist. For this rezson,

—

the Task Group believes that a rigorous analy:is to compute rebar

sf;;;ses is unattainable.

e
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2. The estimation of rebar stresses from the crack width is admittedly

an approximation. The estimated stresses of 20 to 30 ksi appear to

be reasonable. However to be convinciﬁgﬂ:taﬂed procedure

of
v ——
crack analysis should be documented and provided. |

K nconsistences in the documentation of the settlement history needs] :

tc be resolved.} For example, tn2 Midland Units 1 and 2 Executive

Su.mary dated August, 1983 states that for the July 1978 period,
the maximum settlements recorded were 3.5 inches while Figure £5-14
of the came document indicates a maximum of 1.99 inches for the

same period.

4. The current monitoring program is inadequate to deduce future

e —
distress. Thus,|an adequate monitoring program for both settlemeg &

[a—nd cracks should be developed and implemented (to assure that the

-

structural integrity of the DGB should be maintained during the
1life of the plant. |

5. On the basis of the overall evaluation, it is nevertheless felt

that the DGB in its current state can fulfill its functional

requirement .

4

6. | It is recoonmended that a repair program be developed and \R
implemented.

e



TABLE 1

DIESEL GENERATOR BUILDING

SETTLEMENT CASES

CASE TIME PERIOD PERIOD PORTICN OF BLDG COMPLETE
ir 3178 - 8178 PRE-SURCHARGE WALLS TO ELEV 654°
18 8178 - 117¢ PRE-SURCHARGE WALLS TO ELEV 662
(BELOW MEZZANINE SLAB)
2A 1/79 - 8179 SURCHARGE COMPLETE BUILDING

28 9/79 - 1212025 40 YEAR COMPLETE BUILDING
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LINE A| 1.19 1.02 - 0.90 0.85 0.76
LINE B| 0.77 1.09 1.54 1.98 2.41
LINE C| 1.50 1.51 1.78 1.86 1.91
LINE D] 1.33 1.15 1:39 1.18 1.29
TOTAL 4.79 4.77 5.41 5.87 6.37
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LINE A] 1.67 1.42 1.28 1.44 1.99
LINE B| 1.14 1.12 1.46 1.92 2.21
LINE C! 3.00 2.92 3.16 3.37 3. 24
LINE D] 1.62 1.67 1.69 1.98 1.89
LEGEND TOTAL 7.43 7.13 . 7.59 8.71 9.33
O =~ DIESEL GENERATOR DIESEL GENERATOR BUILDING
BUILDING SETTLEMENT MARKER FIGURE 2 EXECUTIVE SUMMARY
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UNITED STATES

. ’$
& NUCLEAR REGULATORY COMMISSION
S } WASHINGTON, D. C. 20555
)

AUG 8 .1%83

MEMORANDUM FOR: C. P, Tan
Norman Romney
Structural Engineering Section B
Structural and Geotechnical Engineering Branch, DE

THRU: George Lear, Chief G\
Structural and Geotechnical Engineering Branch, DE 5)5

FROM: P. T. Kuo, Structural Engineering Section B Leader
Structural and Geotechnical Engineering Branch, DE

SUBJECT: EVALUATION OF LANDSMAN'S CONCERNS REGARDING DIESEL

GENERATOR BUILDING AT MIDLAND

Reference: Memorandum from R. H, Vollmer to D. G. Eisenhut,
dated July 21, 1983

Per the enclosed memo from R. H. Vollmer to D. Eisenhut, a task group to
re-evaluate the structural design and construction adequacy of the
Midland Diesel fienerator Building has been formed and I have been
designated as the leader of the group. You are assigned as members of
this group. The mission of the group is described in the enclosure.

'../;73’___ / <‘4—_’1_

. T. Kuo

tructural Engineering Section B Leader
Structural and Geotechnical

Engineering Branch, DE

Enclosure: As stated

cc: w/o enclosure
R. H, Volluer
J. P. Knight L
G. Lear -



ENCLOSURE
AR g,
> ""‘ UNITED STATCS
A N NUCLEAR REGULATORY COMMISSION
: \‘? "Tj/' H WASHINGTON, J. C. 20558
Sl ~UL 21 183
MEMORANDUM FOR: Darrell G. Eisenhut, Director
Division of Licensing
FROM: Richard H. Vollmer, Director
Division of Engineering
SUBJECT: EVAUUATION OF LANDSMAN'S CONCEPNS REGARDING

OIESEL CENERATOR BUILDING AT MIDLAND

Resnanding to your vemorandum. subjiect as above dated June 27, 1983, J.
Knight, Assistant Directer fo- Comporants & Structures Engineering,

has formed a task groop te re-evaluate the structural cesign and
construction adequacy of the Midland Diesel Generator vailding. The
group, headed by Dr. P. T. Kuo, will review the design review documents
and the coastruction reports; physically inspect the building; search
out and interview concerned individuals, including Mr. Landsmen; &nd
prepare a final report on the adequacy of the Midland NPP Diesel
Generator Building. The particulars of the groups' composition and
charter are developed in more detail in the attached document. Note
that we intend to uce a consultant in a capacity to critique our
findings on Mr. Landsian's concerrs. The consultant's views will be
previded ir our report.

" Richard H. Vollmer, Director
Division of Engineering

. Denton
. Knight
. Keppler
. Novak

. Adensam
. Lear
Kuo

(2]
(2]
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IMPLEMENTATION CONCEPT
REVIEW OF THE MIDLAND NPP
DIESEL GENERATOR BUILDING

MISSION :

A review will be conducted as to the structural adequacy of the
Midland NPP df:sel generator building. A}l information available
from NRC regional inspectors in this matter will be obtained and
the impact of that information will be fully considered in the

review,

BACKGRCUND

The KRC structural engincering staff (headquarters) has reviewed
the Midlend NPP diesel generator building's engineering design and
construction and has indicated that the building is structurally
adequate to resist its design loads. However, during hearings
before a NRC Congressional Oversite Committee, the structural
adequacy of the Midland NPP diesel generator building was
questioned by an NRC employee, Mr. Ross Landsman, a Region 111 site
inspector for the Midland project. It is considered prudent that a
review be undertaken by a technical group to assure that Mr,
Landsman's concerns are fully heard and carcfully evaluated so that
the adequicy of the diesel generator building may be further

assured.

ORGANIZAT'ON

The review group is composed of four technical members -



a group leadrr, two team members from the structural review staff
and a structural consultant. The consultant will be asked to
provide his critique of Landsman's concerns and our findings

directly into the final report.

~
- .
>

SUPPORT

The NRC structural review staff will provide the background
techrical studies, reports, and other review materials that formed
the basis for their review and technical conclusions. The MRC
project staff for the Midland NPP will provide general
administrative arrangements to facilitate the review. Region II1

will provide a complete Tisting of Mr. Landsman's concerns.

SCOPE OF EFFORT

The efforts of the review group may include but will not be 1imited
to 1) review of all pertinent technical materials, 2) on-site
inspection of the diesel generator building, 3) on-site interviews
with all inspection personnel that have information to contribute
and 4) preparation of a technical report summarizing their

activities, considerations and findings. The report will include,

as a separate attachment, the opinion of the consultant group

upmber.




TIMING

Review activities should be completed NLT 30 vorking days after
receipt of a written statement of Mr. Landsman's concerns and the
final report will be due to the Director, DE NLT 15 working days
after completibn of the review,

DESIRED PRCDUCT

The desired final report of the review is a report that discusses
each of Mr Landsman's concerns, as well as any other concerns that
might be offered during the review, and provide a basis for
accepiance or rejection of each concern. A technical review of the
adequacy of the diesel generator building should then be presented
that is reflective of the groups' final recommendations in this
matter in Tight of new information furnished by Mr. Landsman and

others,
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APPENDIX 11

SUMMARY OF MEETINGS

Pugust Meeting with Applicant and Site Visit

On August 24, 1983 members of the Task Group met with Bechtel and
Consumers Power Co. staff in the Bechtel, Ann Arbor, Michigan offices.
At this meeting, presentations were made by the applicant and their
consultants to provide background on the history of the DGB construction
original design philosophy and the analyses done to demonstrate the

adequacy of the structure following settlement.

On the evening of August 24 and during the morning of Aﬁgust 25, 1983
the members of the Task Group visited the Midland site to observe the
DGB. The Task Group members observed the cracks in the DGB and held
discussions with construction personrel to determine the sequence of
concrete placement during construction of the DGB. At the site crack

maps of the DGB were provided by the Applicant.

Task Group Interviews With Original Reviewers

On September 8, 1983 the Task Group met individually with the criginal
NRC staff reviewers responsible far the Geotechnical and Structural
Engineering evaluation of the Midland DGB. The persons interviewed
were: Dr. Harry Singh of the U.S. Army Corps of Engineers, Chicago

All -1




(geotechnical engineering consultant); Mr. Joseph Kane of the
Geotechnical Engineering Section, SGEB; Dr. Lyman Heller, Geotechnical
Engineering Section Leader, SGEB; Mr. Frank Rinaldi, Structural
Engineering Section B, SGEB, Mr. John Matra, Naval Surface Weapons
Center, (structural engineering consultant); and Dr. Gunnar Harstead,
Harstead Associates (structural engineering consultant. The purpose of
the interviews was to gain an understanding and/or clarification of the

concerns each reviewer had regarding the Midland DGB.

Dr. Harry Singh was retained by the Geotechnical Engineering Section
after discovery of the soils problems existing at the Midland site.

Dr. Singh was concerned that the structural analysis of the DGB did not
take into account the settlement data as measured. DOr. Singh was
concerned with the appropriateness of using crack widths to evaluate
rebar stress due to settlement; although he did recommend that the
cracks should be monitored as a measure of the DGB's structural
adequacy. Generaily, Dr. Singh expressed his opinion that the cracks in
the DGB were much more extensive than one sees in normal concrete work.
Dr. Singh is of the opinion that the DGB is in secondary settlement and
that future lony term settlement would be about 1-1/4 inches over 30-40

years.

The primary concern of Mr. Joseph Kane involved the Applicant's
assumption of a straight line, rigid body motion in the structural
evaluation of the effects of settlement on the DGB. Mr. Kane was of the
opinion that the settlement values measured by the applicant are

All -2




appropriate to use in the structural analysis because the building did
settle as the soil conditions would have indicated (i.e., nonuniform).
Furthermore, Mr. Kane was not concerned about the accuracy of the
settlement data because they are the best data available from the
Applicant and were more appropriate tc use than to assume straight line
settlement. With regard to the structura! analyses using actual
settlement data, Mr. Kane observed 70-80% of the cracks to be in areas
where the analyses indicated areas of high stress. Mr. Kane has
documented his concerns in memos dated August 2, 1983 and are included

in Attachments 1 and 2.

Dr. Lyman Heller met with the Task Group to express his concurrence with
the concerns expressed by Mr. Kane. Dr. Heller also offered an
explanation as to why cracks were observed in areas where the analyses
of the DGB indicated low stresses. The explanation offered was that the
settlement of the concrete forms (i.e., yielding) during the pour
created discontinuities in the finished concrete which served as

preferred paths for the development of cracks.

Dr. Gunnar Harstead, Mr., John Matra and Mr. Frank Rinaldi were
interviewed together. Mr. Rinaldi, Mr. Matra and Dr. Harstead
maintained that use of the measured settlements would be inappropriate
given the accuracy between survey measurements of +«or - 1/8"., Such
{naccuracies in the survey data would result in unrealistic concrete
stresses. Mr. Matra discussed the finite element models he prepared and
executed for various stages of construction using the settlement

measurcments &, inputs.
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He indicated that there was not sufficient settlement data points to
make a reasonable stress analysis. To obtain the required input, Mr.
Matra stated that he 1inearly interpolated between the measured
settlement data points. As expected there was extremely high stress in
areas where no cracks in concrete were observed. Both Dr. Harstead and
Mr. Matra mentioned that stresses depended on higher order derivatives.
These higher order derivatives cannot be determined accurately from the
five measured data points. Mr, Rinaldi indicated the most appropriate
method of estimating rebar stresses due to settlement was to estimate
stresses from crack widths., This method produced rebar stresses of
about 5 ksi which when added to the stresses from the controlling load
cases was less than the 54 ksi allowable. Mr. Rinaldi described the
crack monitoring program the Applicant anreed to (0.05 /10' as alert
1imit and 0.06" or 0,020"/10' as action 1imit). Finally, Mr. Rinaldi
and Mr, Matra indicated that the controlling load case for the DGB was
tornado depressurization which assumed the DGB to be unvented which is
conservative considering the building is vented. Mr. Rinaldi documented

his response to Landsman's concerns in a memo in Attachment 3.

Task Group Audit of Design Calculation

The Task Group visited the Bechtel, Ann Arbor, Michigan offices on
September 12 and 13, 1983. The purpose of the visit was to conduct an
audit of the stiuctural design calculations of the Midland DGB.

All - 4



i

On Monday, September 12, 1983 the NRC Task Group reviewed the following

DGB calculations:

concrete/rebar stresses using settlement data by Karl Wiedner;

straight 1ine (rigid body) settlement by Karl Wiedner;

concrete/rebar stresses assuming the DGBE is supported at four

points;

stress totals from all load combinations;

finite element modal for DGB.

On Tuesday, September 13, 1983, the NRC Task Group discussed with Dr,
Mete Sozen the calculations he did on rebar stres.2s estimated from
concrete crack widths. Dr. Sozen had made calculations estimating rebar
stresses from crack widths for the center cross wall only. A call was
made to M=, Rinaldi in Bethesda to verify how he made his calculations
on the other walls. Mr. Rinalai indicated he did the same type of
analysis using Dr. Sozen's approach for other walls. However, Mr.

Rinaldi did not document the details of his analysis.

AIl - §



Landsman Interview

The Task Group interviewed Dr. Landsman on September 13, 1983 for about
3 hours. Dr, Landsman aiscussed each of his concerns at length., During
the interview, potentia1 resolution of the problem of the DGB cracks was
discussed sman ag at stresses determin

nidths uould be acceptable, provided that:

él thes» calculations were sufficiently documented; and
2) an acceptable crack monitoring program was specified and
implemented. o]

A copy of Dr. Landsman's memo of July 19, 1983 documenting his concerns
en the Midland Diesel Generator Building is included as Appendix IV.

All -6
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1.0 INTRODUCTION

This report describes a study undertaken by Brookhaven National
Laboratory (BNL) to evaluate the extent to which settlement cracks observed in
the Diesel Generator Building (DGB) at the Midland Nuclear Power Plant impact
on the ability of the building to satisfy design requirements. Or. R.B
Landsman, of Region III, has raised questions regarding this safety issue
(Ref. 1). The specific objective of this study 1s to assess the significance
of his comments and to prepare a written response,

This objective was achieved by reviewing the existing pertinent work
(published reports, testimony and analytical studies), and by interviewing key
personrel so that a correct interpretation of the work performed could be
made. Additional caiculations were specifically omitted from the scope of
this study. AIl of the conclusions drawn in this report are based on an
assessment of calculations and studies performed by others.

The study described herein was carried out during the period of August
through September 1983. Un August 4, a meeting was held at NRC to discuss the
problem and to obtain some of the pertinent literature. Some of this litera-
ture was carried back to BNL while other documents were mailed to NRC during
the following week. Appendix A contains a listing of all reports used during
the program. On August 24, a meeting was held at Bechtel Corporation offices
in Ann Arbor, Michigan. Presentations were made by Bechtel and Consumers
Power staff summarizing the work performed by project personnel .o demonstrate
the adequacy of the DGB. Their consultant's (Dr. M. Sozen of the University
of I11inois and Dr. G. Corley of Construction Technology Laboratories) also
discussed their work. An inspection of the DGB was held on the evening of
August 24 and during the morning of August 25. At this inspection, the cracks
were observed although no new detailed crack maps were made. Discussions were
held with construction personnel to determine the sequence of concrete place-
ment.

Further interviews were held at NRC on September 8. lndividul inter-
views were held with Dr. Harry Singh (sofls consultant for NRC from the Army
Corps of Engineers), Joseph Kane (NRC staff), and Lyman Heller (NRC staff).

-l.



A combined interview was also conducted with Frank Rinaldi (NRC staff), John
Matra (structural consultant for NKC from Naval Special Weapons Center), and
Or. Gunnar Haarstead (structural! consultant for NRC). The purpose of these
interviews was to explore the role each played in the design and analysis of
the DGB and to learn of their concerns regarding the adequacy of the DGB.

An audit of the DGB calculations by the task group was held at Bechtel's
Ann Arbor offices on September 12 and 13. Dr. Sozen was present on September
13. The following items were reviewed in detail during this audit: numeri-
cal models used by Bechtel to calculate stresses in the DGB due to settle-
ment; the magnitude of stresses due to the various load cases; the method of
determining stresses from crack data; the accuracy of the survey methods used
to monitor settiments; and the concrete pour data. A meeting was held with
Or. Landsman of Region 11l on September 13, at which time his specific con-
cerns raised in Ref, 1 were discussed.

This report is organized as follows. An evaluation of the literature is
presented in Section 2 of the report. Section 3 contains BNL's assessment of
the adequacy of the DGB, while specific responses to Dr. Landsman's concerns
are given in Section 4. Conclusions are listed in Section 5.

2.0 EVALUATION OF PERTI ENT WORK

The material on the DGB which was reviewed during the _ourse of this
study is divided into six categories; namely, historical description of the
structure and its settelment behavior; developed crack patterns; structural
analyses to evaluate settelment stresses; treatment of other loads and
stresses; and survey data. The material in each category is described and
evaluated in this section of the report.

2.1 History of Structure
The DGB 1s a reinforced concrete shear wall building consisting of five
cross walls connecting a north and south wall. The iaterior walls are 18"

thick while the exterior walls are 30" thick. The structure 1s 155' by 70' in



plan and is 51' high with an intemediate floor slab located 35' above the
foundation. Wall footings are located under each of t:e walls, the footings
being 1U' wide and 30" deep. The building is founded on zbout 30' of various
fills overlying the natural glacial till.

The f111 was placed from 1975 through 1977 with construction of the DGB
begun in October 1977. Concrete was placed in 6 1ifts as follows:

Uctober 1977 - to Elev. 630.5 (foundation)
December 1977 - to Elev. 635.0
March 1978 - to Elev. 654.0
August 1978 - to Elev. 662.0
December 1978 - to Elev. 664.0
February 1979 - to Elev. 678.3

Within each 1ift the pours were generally made from east to west. Construc-
tion joints occur in the middle of the cross walls and at the west end of each
bay for the north and south walls,

Large settlements and cracks in the concrete were noticed while the lift
going to Elev. 662 was being poured. Construction was halted while the pro-
blem was being studied. It was concluded that the large settlement was due to
poor compaction of the fill material. This settiement caused the structure to
"hang up" on the duct banks which penetrate the footings on the cross walls.
The duct banks were cut loose fram the DGB foundation in November 1978 and
construction of the building restarted. In January 1979, 20' of sand sur-
charge was placed on the site to consolidate the fill. This remained in place
until August 1979. In September 1980, a permanent dewatering system was in-
stalled to maintain the water table below Elev. 610,

2.2 Settlement History

The DGB 1s founded on approximately 30' of fill material, underlain by a
very stiff glacial ti11 about 190 feet thick. A dense sand layer about 140’
thick 11es below the til1, which 1s in turn underlain by bedrock. The

-3-



majority of the fill was placed at the site between 1975 and 1977, with aclual
foundatfon construction completed by January 1978. Luring July 1978, settle-
ments of the order of 3.5 inches (Ref. 7) were noted which were greater than
the original 40 year predicted settlements. Apparently consolidation of the
fil) was taking place as structural dead loads were applied. In addition, the
four electrical duct banks under the structural crosswalls were acting as hard
points to the foundation since they were in turn being supported by the stiff
natural soils below the fill. This caused rotation of the building about the
duct banks.

Construction was halted during August 1978, a soil boring program under-
taken to determine the problem with the fill and Drs. R.B. Peck and A.J.
Hendron retained to advise on the remedial action. The exploratory program
consisted of 32 borings (with no undisturbed sampling) and 14 Dutch cone
penetrameters. These confirmed that the fill had been improperly placed (in
an extremely variable density state) and consisted of varying amounts of co-
hesive as well as granular backfill. Lean concrete was also encountered in
the backfill. The thickness of silty clay backfill was found to be greater
under the south-east side of the building leading to the generally larger
settiements on this side.

A surcharge program was implemented to attempt to consolidate the fill
more uniformly. In addition, the duct banks were cut loose from the founda-
tion in November 1978 to eliminate the foundation hard points. Surcharging
began in January 1979 and remained in place until August 1979, when it was
determined that primary consolidation had been completed. Instrumentation
(primarily settlement plates and Borros anchors ) placed in the fill was used
to arrive at this conclusion. It should be noted that the consolidation test
results, obtained fram undisturbed samples taken after completion of the sur-
charge program, did not confirm this conclusion. Da.a was sufficiently
scattered to indicate that the fill may not be uniformly consolidated. Unfor-
tunately, the boring program conducted after the surcharge program was com-
pleted, did not include cone penetrometer soundings for comparison with the
readings taken before the surcharge was applied.

.‘.



At the canpletion of the surcharge proyram, it was decided that since
loose sands stil] existed in the ti11, a permenent dewatering system would be
installed to preclude the potential for soil liquefaction during a seismic
event. This dewatering caused additiona)l settlements to be developed at the
site, but apparently these were related to deep seated consolidation of the
natural soils under the fill, and would be more uniform than the settlements
caused by the f111 consolidation.

It is questionable whether the piezometer data was of any significance in
analyzing the excess pore pressure condition developed in the fill during the
consolidation process. The readings indicate general ly very low pore pres-
sures, about 1/20 the magnitude of the applied surcharge pressures. It is not
clear 1n fact whether the fill was ever fully saturated at the time of the
surcharge program.

Peak settlements anticipated at the end of 2025 (actual settlements to
date plus secondary settlements fram now till then) are specified in Ref. 7 to
vary from 4.79 inches (under the NW corner) to 9.33 inches (under the SE
corner). However, it should be mentioned that the exact settlement history at
the various settiement markers at the DGB is open to question. For example,
it is mentioned in Ref., 7 that the maximum settlements in August 1978 were
about 3.5 inches. Yet the data used in the stiress analyses for the
presurcharge period (Figures ES-14 of Ref. 7) indicates peak settlements of
only 1.99 inches. It was stated at one of the Bechtel presentations that
prior to cutting the duct banks loose from the footing, footings along the
North wall actually lifted off from the soil, with the DGB rotating about the
duct banks. There is no indication of this behavior in any of the settlement
data used in the computations. Ref. 8 lists the settlement increment from
8/79 to 12/2025 to be 2.36 inches under the SE corner of the building. For
the same period Ref. 7 lists this data as 1.89 inches. Thus some
inconsistenc.es appear to exis® in the various documents.



2.3 Crack Patterns

After it was detemined that settlement was a problem, Bechtel inftiated
a program to monitor cracks in the structure. In general cracks were visual ly
observed and an optical comparator used to determine crack width., Crack
widths greater than 10 mils were of specific interest as this corresponds to
reinforcing stresses of about 10 ksi, Crack maps were prepared based on
surveys conducted during December 1978, September 1979, February 1980 and July
1981, Dr. Corely observed the cracking in January 1982 (Ref. 6) and confirmed
that the general pattern of cracks agreed with the July 1981 Bechtel crack
maps. He prepared a detailed crack map for the center interfor wall. A
comparison of this center wall map (Fig. 4.21 of Ref. 6) with that prepared by
Bechtel in July 1981 (Fig. 4.17) indicates that more cracking had occurred
although the widths of the cracks appear to be about the same.

Cracks were observed during the BNL inspection of the plant on August 25,
1983 and some photographs taken. In general the pattern of cracks appears to
be similar to the previously mapped cracks. However cracks, which had not
been shown on any of the Bechtel cracks maps, were noted in both the north and
swth walis. These additional cracks are in the lower level (up to Elev, 664)
and run at 45 degree angles to the horizontal up to the cross walls.

The first crack maps prepared from the December 1978 survey indicate
vertical cracks in the cross walls which begin near the bottom of the wall and
run up to Elev, 664 (this was the top of the concrete pour at the time the
settiement problem was first noticed). The pattern of cracking 1s more severe
in the east side of the building. This crack pattern 1s compatible with the
model that assumes the cracks result from flexural stresses caused by the

building “"hanging up on the duct banks"., No crack maps were prepared for the
north or south walls,

Th second set of crack maps were prepared from the September 1979 survey.
In general, many of the cracks which ocairred in the east wall prior to
placing the surcharge do not appear on these maps. The east center and center
walls show the same type of crack patterns as shown on the first crack maps
except for the appearance of additional cracks. These maps also show cracks




in the upper level of the building., These cracks occur near the south side of
the building in the cross walls. The cracks tend to be vertical with some
fnclination of the cracks near the south wall. Some cracks are indicated in
these maps for the south wall. Primary cracking occurs in the east side of
the wall and are concentrated in the upper portion of the wall. The north
wall 1s shown to be more severely cracked than the south wall and contains
mostly vertical cracks in the upper part of the wall. The cracks appear to be
centered about the three interior walls.

The third set of ciack maps were prepared fron the July 1981 survey.
These maps indicate the same type of cracking as before although the cross
wall now contain more cracking near the north side of the building than was
evident before. The west wall contains many more cracks than were shown
previously. These cracks run from the Elev. 664 level down to the base of the
structure,

It appears that many of the cracks wiich have occurred may be attributed
to the building resting on the duct banks. Other cracks have occurred, how-
ever, which were most likely caused by differential sett]ement of the wall
footings. Comparison of successive crack observations generally indicates
that more cracks are occurring, but that the maximum size of the cracks is
stil] about 20 mils,

2.4 Structural Analyses

The various analyses which have been used to evaluate stresses in the DGB
are discussed in this section. The first analysis described is the method
used by Bechtel to estimate stresses due to settlement for use in its load
cambination study. This analysis makes use of the straight 1ine approxima-
tions to the profiles of the settlements of the north and south walis. The
second and third analyses described are the Bechtel and Matra studies, which
attempt to use the actual measured settlementr to estimate settlement
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the crack measurements, The first three analyses are based on detailed finite
element models, while the fourth 1s based on crack patterns and crack widths,

2.4,1 Bechtel's Computation of Settlewent Stresses (Ref. 2)

Since the building settlements cccurred when the structure was in various
stages of construction, the settlement stresses were evaluated fc. four dif-
ferent time periods. The first period spans from the beginning of construc-
tion through August 1978 at which time construction was halted. The second
time period extends from August 1978 to January 1979 during which the duct
banks were cut loose from the structure and construction resumed. The third
time period extends from January 1979 to August 1979 during which time the
surcharg: was placed. The last time period extends to the year 2025 and
includes measured settlements from August 1979 to December 1981 as well as the
predicted settlements over the forty year !ife of the structure.

The actual measured settlements were used to calculate stresses for the
first period. Stresses were calculated in each of the walls by determining
the arc of a circle which fit any three adjacent measured displacements., The
radius of the arc was then used to find the resulting bending moment in the
wall, and the moment used to calculate stress. The maximum stress in each of
the walls was assumed to exist over the entire wall. The stress in the south
wall was 11.3 ksi; the east wall 6.6 ksi; and all other walls 2 ksi,

The increments in stress which ocaurred during each of the other three
time periods were evaluated using a finite element model of the DGB. This
mode] was constructed and run on the Bechtel version of SAP (BSAP). The
building was defined with 853 nodal points. Plate zlements were used to mode!}
the walls, and beam elements used for the footings. Eighty-four (84) boundary
elements were used to model the vertical seil stiffness (equivalent to the
coefficient of subgrade reaction). An {terative process was then used to
determine the stiffness of these boundary elements. A best fit straight Yine
was first fit through the measured settlements for the north wall and another
straight line fit to the data for the south wall., It was shown that the
measured displacements depirture fraom the best fit straight lines is within
the tolerance of the survey data. Dead load reactions were next estimated at
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each of the 84 boundary elements. The stiffness of any soil element was then
determined as the ratio of the dead load reaction to the displacement of the
best fit straight line. The BSAP program was run and the reaction found at
each of these boundary elements. A new stiffness was then calculated as the
ratio of the reaction to the displacement of the best fit straight line. This
process was continued for several iterations.

It 1s our opinfon that this model will yield unconservative estimates of

stresses. If tne iteration process were successfully completed, the deforma-

tion of the north and south walls will be straight lines. The only stresses

that would be comp:ted would then occur due to racking of the structure caused
by the difference in the north and south wall straight Ines. It should be
clear that if a best fit plane could be passed through all the settlement
points under both the north and south walls, no stresses would be computed
anywhere in the building. The stresses computed by this approach are a
function of which iterative cycle is used to define to soil spring parameters,
and bears no resemblance to the actual soil conditions at the site. There is
no reason to expect that the soil stiffness should vary from point to point as
shown by the analyses. We therefore conclude that this approach to compute
settiement stresses is inappropriate. o

2.4.2 Bechtel's Analysis Using Measured Settlements (Ref. 3)

This analysis was performed using the same finite element model described
above. This time however, the known survey displacement data was input to the
program at the ten (10) wall intersection points. The settlements used were
the displacement increments measured for the fourth time period described
above. At the remaining 74 boundary element points, the structure was allowed
to deform as required to maintain equilibrium (forces equal zero). It was
found that computed stresses were very high in those elements adjacent to the
wall intersection, but fall off rapidly away fram these points. This indf-
cates that the analysis overly penalizes the structure by impesing large con-
centrated forces at the wall intersections. In fact, at some points, the soil
s required to pull the structure downward to match these known displacements.



A modified analysis was performed by Bechtel at the suggestion of the
task group. Rather than input only the ten known displacements, a smoothed
Curve was generated which matched the known settlement data, but eliminated
the sharp profile changes developed in the analysis described above. A best
fit polynamial was passed through both the north and south wall settlements,
and displacements computed at all boundary element points of the finite
element model. Comparative plots ofwﬂes 1ndj_c:t_e_th:£t.ﬂs approach
would still yield high stresses.

—————

2.4.3 Matra's Analysis Using Measured Settlements (Ref. 4)

The analysis performed by Matra is similar in intent to that described
above. Differences between the two are as follows. First, this finite
element analysis was performed for all four time periods described in Section
2.4.1. Three separate finite element models were used to define the DGB at
various stages of construction. For each problem analyzed, the known settle-
ment data at the wall intersection points was input to the models. The report
does not specifically stave what input was used at the remaining boundary
element points between the wall intersection. However, at the interview,
Matra stated that a linear displacement profile was assumed between these
points. The stress results of the analyses are similar to those described
above for the Bechtel study, with similar conclusions reached. In fact, it
can be anticipated that the Matra stress calculations would be even higher
than the corresponding Bechte! results due to the linear assumption between
data points. If in fact this was done, the conclusions reached in that report

would be of little value since such high _bending stresses would be gnented
at these discontinuities. Sl

— —_————

2.4.4 Estimation of Stresses from Crack Data (Ref. §)

Sczen considered the problem of predicting reinforcement stresses from a
knowledge of the crack patterns, He observed that the usual problem 1s to
predict crack width based upon a given reinforcement stress. When these
methods are applied to the DGB center wall, a 20 ksi steel stress is
consistent with o crack width of 20 mils. He also adds the crack widths for a
series of cracks in the center woll and equates this to the total elongation
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in the reinforcement. I!lsing an estimated gage lenyth over which this
elongation occurred he obtains an estimated stress of 24 ksi, and indicate. a
probable range of 20-30 ksi considering the uncertainties of tho method.

(This was preserted by Sozen at the August 24 meeting). It is likely that
these stress va'ues would be reduced with time. A major cause of cracking was
the hard points provided by the duct banks. Wwhen these were cut free, one
would expect the stresses induced by the uneven support to be relieved, Creep
in the concrete would also tend to relieve the settlement-induced stresses.

Rinaldi (pg. 11086 of the testimony) reported at the interview of
September 8, that he calculated stresses using Sozen's method in each of the 5
cross walls, as well as the north and south walls. He then added these
stresses to the maximum stress reported in each of the walls by Bechtel. The
resultant maximum reinforcement stress was found to be less than 54 ksi (the
allowable limit). It was noted that the Bechtel stresses already included
settlement stresses (to an unknown degree however) from the analyses described
in 2.4.1. The crack-based estimates of settlement stresses were added to the
maximum of the Bechtel stresses without regard to where they occurred. While
this is a conservative approach, there is no documentation of the computa-
tions. It should be noted that there would be some question in the applica-
tion of this method on those walls where relatively few cracks ocmrred.

———— —

2.5 Stress Totals

The finite element model described in 2.4.1 was used to calculate wall
forces from all lToadings except for the seismic loading. A lumped me<s model
was used to detemmine forces resulting from the seismic loading. These forces
were then combined according to the load combinations required in ACI 318 and
ACI 349. Critical elements were then identified in each of the walls and
Bechtel's program OPTCON used to evaluate reinforcement stresses. OPTCON
determines the reinforcement stress resulting from out-of -plane bending moment
plus in-plane shear loading. The shear capacity of the concrete is deducted
fram the total shear load with the difference assumed to be carried by the
reinforcement. The following are peak reinforcement stresses reported by
Bechtel for the critical load cases: north wall - 22 ksi; south wall - 34
ksi; west wall - 29 ksi; east wall - 23 ksi: and interior wal's - 20 ksi.

The allowable steel streess 1s 54 ksi,



2.6 Survey lata

Bechtel reports that the accuracy of the survey data gescribing the UGB
settlements is 1/8" until the surcharge was removed and 1/16" since that %ime,

Standard survey techniques anc equipment were used.
3.0 ASSESSMENT OF THE DIESEL GENERATOR BUILDING

The DGB has undergone very large settlements which have undouh edly
caused serious structural distress. This distress is manifested in the cracks
which have occurred in the building. The purpose of this section of the
report is to give an opinion as to (1) whether the building is structurally

sound and (2) whether the buflding stil]l meets the criteria as stated in the
FSAR.

An important issue is whether the major part of Lha2 settlement has
occurred. The settlement data indicate that settlements are well into the
secondary consolidation phase so that large additional settlements would not
be anticipatad. This leads to confidence that predictions of the adequacy of
the structure based on settlements which have take: place to date should hold
for the life of the structure. Certainly, sett ements should be monitored and
the problem reconsidered should more than the anticpated additional settle-
ments occur. Relative settlements of points on the structure of .005" are

significant. The accuracy of the settlement measurements should be refined to
reflect this requirement,

While significant cracking has occurred in the structure, it would appear
that there is little evidence to indicate that the structure is unsound._,!h;
structure 1s very massive and is not subjected to large loadings. Even the

tornado and seismic loadings do not 1ntroduce large stresses and usually these
stresses occur at locations that are not critical locations for the settlement

- ~——

stresses.,
—

It 1s difficult to show that the stresses in the DGB meet the criteria of

e ——
__the FSAR, Bechtel's straight 1ine analysis (see 2.4.1) is based on the claim
that the settlement survey data 1s not sufficiently accurate to calculate

el2e




structural stresses. The adjustwent they make to account for this inaccuracy
gives results that are likely unconservative. If conservative assumptions are
made then the calculated stresses are too large to satisfy the criteria and
not consistent with the crack patterns observed in the structure (see 2.4.2).
It is doubtful whether any analysis could now be developed which would pro-
vide more realistic estimates of settlement stresses with the required degree
of confidence.

The most likely source for obtaining reasonable estimates of settlement
stresses are the crack studies (see 2.4.4). However, these studies must be
documented much more completely than has been "done to date. It is imperative
that significantly better methods be used to monitor crack growth than is
currently being considered. Whitemore strain gages should be used exten-
sively. Plugs are attached to the concrete on a 2" gage. An instrument is
then used to measure the distance between the plugs. Accuracies of .0001" is
routine. Such gages would give a good picture of the overall behavior of the
cracks. It should be noted that the repair of cracks would not interfere with
the use of these instruments. No special "windows" need to be maintained
during the crack repair program. This program of crack monitoring is also
important because there is some indication that cracks in the DGB have not

stabilized and that the number of cracks may in fact be increasing.

4.0 RESPUNSE TU CONCERNS OF R.B. LANDSMAN

The Region 111 inspector has raised four concerns (Ref. 1) regarding the
adequacy of the DGB, Each of these is addressed in the following.

Concern 1: FINITE ELEMENT ANALYSIS
The first concern deals with the Bechtel finite element models (see 2.4.1
and 2.4.2) of the UGB used to evaluate stresses due to settiement. There are

four objections made to the models.

Concern is raised with regard to the use of uncracked section properties
while the concrete is known to be cracked. All concrete structures are
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cracked and it is standard practice (specifically pcrmitted in the ACI code)
to determine forces in concrete structures based on gross section propertics
(f.e., neglect the cracks in the concrete and the reinforcement). If cracked
section properties were used then the stresses calculated by Bechtel (2.4.1)
would have been smaller. Therefore neglecting cracks in this analysis is a
conservative approximation. On the other hand, the analysis reported in 2.4.2
was used to show that the measured settiements result in ctresses which are so
high that much more severe cracking would be expected than was observed. It
was then argued that the measured values must be in error. If cracked
sections were assumed for this analysis the calculated stresses would have
been smaller, but probably still not consistent with the observed crack
patterns,

The straight line representation of the settlements along the north and
south wall for the analysis reported in 2.4.1 is said to be in error. As in-
dicated in that section of this report, it 1s our opinion that this analysis
will result in unconservative predictions of stresses due to settlements. As
such, it is considered to be an inappropriate analysis.

The third part of this concern raises questions regarding the time
effects of the settlements. Bechtel does calculate stresses for different
phases of the settlement. The structure was changing during the significant
settlement period. Construction was still in progress during the largest
settiements. Therefore the structural geometry changed as did the concrete
properties (while maturing). The Bechtel models did not account for these
changes. This wouid have been conservative for the calculation of stresses,
but would result in lower stresses in the analyses performed using the
measured ‘attlements as input,

The fourth objection deals with the claim that the NRC staff did not
approve of the Bechtel analysis. It appears that this is the case and the
intention of the staff was to use settlement stress data based on an analysis
of the cracks rather than the finite element analyses,
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Concern ?* KELIABILITY OF MEASUKED SETTLEMENT VALUES

The analyies reported in 2.4,2 and 2.4.3 were used to show that stresses
compy .ed from ¢ ructural wwdels subjected to the measured settlements are very
Aigh ard wouid indicate cracking in the structure where no cracks are ob-
surved. he objectior 1s rafisad Lhat @ linear model was used and that a non-
linear mode! accounting “yr plastic effe.ts would result in a redistribution
of stresses and the same cenclusiun say not apply. This observation is true,
but by itself would not change the cu””lusions drawn from these analyses.

As stated above, however, there i-e other factors which when coupled with
this objection may result in a different conclusion. The other important
factors are: the assumed shapt of the settlement between the measured points;
! the differing geomet-y of the DGP when the various phases of settlement
occurred.

Concern 3: STRESSES DETERMINED F2OM CRACK SIZES

If the finite element analyses are not reliable then one alternative
approach is to find seitlement stresses fra a study of the crack sizes. The
objection raised is that this approach is not consistent w.th nomal engi -
reeriog practice and that there are no equations available to evaluate
streises from crack data when the stress fields are as complex as occur in the
DGB. It 15 true that this would not be standard practice, but “"non-standard®
analysei may b used provided they are sufficiently “owmented and shown to
give results that are consermtive,

An apxoach that could predici approximate settlement stresses in the DGB
could prubably be used to devonstrate 1ts adejsacy. This is true for two
reasons. Jlrst, itresses /n the structure due to other (cadings are rather
low and there 14 a large reserve {31 setilement stresses. Second, 1f large
settlement streises and loca' yfelding of the relnforcement occurs, the

resulting deformat ons of the structu-e wi'i reduce the settlement {nduced
load!ngs.



The documentation of the crack analyses used to detemine stresses 1s not
sufficient, There is no calculation on record which calculates stresses in

all of the walls using this metnod. There is also no written justification
showtng that the method may be used for structures like the DGB,

Concern 4: CRACK MUNITORING

This concern deals with the lack of a good crack monitoring system and
specification of action to be taken if the cracks exceed certain limits. As
stated in Section 3.0, 1t is our opinion that the planned crack monitoring

system is not adequate. More reliable gages (e.g., Whitemore Strain Gages )

should be placed in areas where cracking 1s now evident, These gages can be
used even after crack repairs are made.

Two limits are now defined in the current crack monitoring program. If
the crack width reaches .05" (Action Limit) a meeting will be held to evaluate
what steps to take when the cracks reach the next limit. The next upset limit
is set at .06" (Alert Limit). It is our opinfon that the form of this plan is
adequate, but that the specific threshold numbers must be based on a resolu-
tion of the current settlement stresses. A safety margin must be left for the
other potential loading events, such as tornado or seismic loads, with the re-
maining allowable stress allocated to future potential settelments,

Unce this limit was reached the only solution would be to make a struc-
tural rmur. The exact form of this repair would depend on thc location and

extent of the crack which exceeded the limit. The planned response could not
specify the nature of the repair, but could indicate that an exceedance of the
Alert Limit would result in a structural repair rather than performing addi-
tional analyses.

5.0 CONCLUSIUNS

Based on the review of the studies performed to demonstrate the adequacy
of the UGB, the following conclusfons are drawn:

olfs



1. The settlement Jata indicates that primany consolidation of
the fi11 i5 comoleted. However, [it is recommended That the
ananulies ‘. the documanf?TTEZ—;f the settlienent history be -

| resolved. (See last paragraph of Section 2.2).

e

2. It is unlikely that a satisfactory stress analysis can be
performed bised on the measured settlement data. [It is ‘

f

cirack width data. The existing work that has been dore in

Fecommended that settlement stresses be estimated from the]
this irea must be completely documented.

3, It appears that the number of cricks in the DGB are con-

/\

(crack mnitoring prograw be estabiished as outlined in
| Section 3.U. —_—

-

timing to increase /It {s essential that a better )

P S
4. | The upset crack wiith leveis specified in the crack

moriitoring program should be chosen so that a sufficien

A

stress margin is available to resist the critical load
combinaticns, b

5. TY, the Alert Limit (in qPack width, were exceeded, specific} <

=
| stfucture! Cepaifs should be nnndatau.
N

B

6 While significant crack1ng hasoccurred in the DGB, it
is our opinion that the stfucture will continue to
fuifill its functional requirement. This conclusion is
based on the fact rhat stpessesinduced in the stPucture by
\\\\_:l} other ext(Peme loadings are small.

————

e ———— - O —————




1.

2.

6.

REFERENCES

Memorandum for R.F. Warnick through J.J. Harrison from R.B. Landsman,
Subject Diesel Generator Building Concerns at Midland, dated July 19,
1983,

Bechtel Calculation No. DY-52.7 (Q) - Finite Element Calculation of
Settlement Stresses Using Actual Displacements.

Structural Rea~alysis of Diesei Generator Building Utilizing Actual
Measured Deflections as Load Input, by John Matra, Naval Surface
Weapons Center,

Evaluation of the Effect on Structural Strength of Cracks in the Walls
of the Diesel Generator Building Midland Plant Units 1 and 2, by Mete
Sosen, February 11, 1982,

Efects of Cracks on Serviceability of Structures at Midland Plant, by
W.G. Corely, A.E. Fiorato, and D.C. Stark, April 19, 1982.

Executive Summary, Diesel Generator Building, Midland Plants Units 1 and
2, August 1983,

Letter from CPCo to NRR dated October 21, 1981; Enclosure 1, Tech.
Report, Structural Stresses Induced by Differential Settlement of the
DGB.



APPENDIX A: SUURCE MATERIAL FOR STUDY

Site Specific Response Spectra Midland Plant Units 1 & 2

s Addendum to Part 1
Response Spectra--Oryinal Ground Surface
Jan Bl Weston Geophysical Corp

Site Specific Response Spectra Midland Plant Units 1 & 2 Part 11
Response Specira Applicable for the top
of fill material at the plant site
April 81 Weston Geophysical Corp

Site Specific Response Spectra Midland Plant Units 1 & 2 Part II1I
Seismic Hazard Analysis
Feb 81 Weston Geophysical Corp

Soil Boring and Testing Program mMidland Plant Units 1 & 2
Test Results Foundation Soils
Auxiliary Building
Woodward-Clyde Consultants Aug 81
Docket No-. 50-329,50-330

Test Results Perimeter and Baffle Dike Areas Soil Boring and Testing Program
Volume 11 Supporting Data July 81
Docket Nos. 50-329,50-330

Test Results Ptrimnto} and Baffle Dike Areas Soil Boring and Testing Program
Volume I
Woodward-Clyde Consultants July 81
Docket Nos. 50-329,50,330

Estimates of Maximum Past Consolidation Pressure of Cohesive Fill Materials
Diesel Generator Building
July 81 Woodward-Clyde Consultants
Docket Nos. 50-329,50-330

USA/NRC Before The Atomic Safety and Licensing Board 12/7/82
testimony of; Frank Rinaldi
. John Matra

Gunnar Harstead
with respecc to the Structural Adequacy of
The Diesel Generator Building at Midland

Official Transcript Proceedings Befure NRC Atomic Safety and Licensing Board
12/10/82 pages 11008 through 11228

A-1



Evaluation Keport for Concrete Cracks in the Uiese) Generator Buildin
- Lonsumers Power Company 2/16/8

Evaluation of the Effect on Structural Strength of Cracks in the Walls of
the TMesel Generator Bullding Mete A, Sozer

Relationship of Observed Concrete Crack Widths and Spacing to Reinforcement
ResTdual Stresses Consumers Power Company 6/14/82
Observed Cracks in Walls of Midland Plant Structures 6/14/82

Cor'ey and Fiorato
Portland Cement Association

Safety Evaluation Report related to the operation of Midland Plant
Docket Nos. 50-329 and 50-330
Consumers Power Company
USNRC 5/82

Effects of Cracks on Serviceability of Concrete Structures and Repair of Cracks
onsumers Power Company 4/30/%2

Effects of Cracks on Serviceability of Structures at Midland Plant
Corliey, Fiorato, Starx
Portland Cement Association

Summary of Sept. 8, 1981 Meeting on Seismic Input Parameters Midland Plant
12/3/81

USA/NRC Before the Atomic Safety and Licensing Board 50-329,50-330
testimony of Jeffrey K. Kimball  9/29/81

NRC Atomic Safety and Licensing Board 50-329 OM,0L 50-330 OM,OL
witnesses; Johnson
Burke
Corley
Sozen
Gould

NRC Before the Atomic Safety and Licansing Board (no date)
staff testimony of Joseph Kane
on Stamiris Contention 4.8
. Docket Nos. 50-329 OM,0L 50-330 OM,0L

Safety Evaluation Report related to the operation of Midland Plant October 82
Docket Nos. 50-329 50-330
USNRC NUREG-0793 Supplement No, 2

Safety Evaluation Report related to the ggiutlon of Midland Plant June 82
et Nos.

USNKRC NUREG-0793 Supplement No. 1

A-2




NRC Atomic Safety and Licensing Board 9/29/81
Applicant's Brief on Compatibility
of Site Specific Response Spectra
Approach with 10 CRF part 100 Appendix A

Safety Evaluation Report related to the operation of Midland Plant May 82
Docket Nos. 50- -

NUREG-0793
Response to the NRC Staff request for Settlement Related Analyses for the
Uiese! Generator Bullding 6/1/82
Consumers

Technical Report  Structural Stresses Induced by Differential Settlement
of the Diesel Generator Building
Tonsumers Power Company

Test Results of Soil Boring and Testing Program for Diesel Generator Buildin
Docket Nos. 50-329 50-330 7731781

Consumers Power Company
Final Results of Soil Boring and Testing Program for Perimeter and Baffle
Dike Areas 7727781
Docket Nos. 50-329 50-330
Consumers Power Company

NRC Atomic Safety and Licensing Board Docket Nos. 50-329 OM,OM 50-330 OM,O0L
wWitnesses; Hood 12/3/81
Kane
Singh
Riraldi

NRC Atomic Safety and Licensing Board Docket Nos. 50-329 OM,0L 50-330 OM,OL
Witnesses; Kennedy 2/17/82
Campbell Rinaldi
Kane Matra
Hood

Singh
CSE Input to the Midland SER Supplement ‘ Aug. 82
Geotechnical, structural, mechanical

and hydrologic 1nputs for tne Midland
Ser Supplement

Transcript of Proceedings USA/NRC 1/6/81
Deposition of Frank Rinaldi

Transcript of Proceedings USA/NRC 1/9/81
Deposition of Pao C. Huang

Transcript of Proceedings USA/NRC Docket Nos. 50-329 OM, OL 50-330 OM,0L
Deposition of Jchn P, Matra 1/7/81

A-3



USA/NRC Before the Atomic Safety and Licensing Board Docket Nos. 50-329 UM-0L
50-330 OUM-0OL
NRC Staff Brief in Support of the use
of a Site Specific Response Spectra to
camply with the Requirements {f 10 CFR
Part 100, Appendix A 9/29/81

USA/NRC Before the Atomic Safety and Licensing Board Docket Nos. 50-329 OM-OL
50-330 OM-0L
Testimony of Dr. Paul F, Hadala with

Respect to the Study of Amplication of
Earthquake Induced Ground Motions and the
Stability of the Cooling Pond Dike Slopes

Under Earthquake Loading 9/29/81
USA/NRC Before the Atomic Safety and Licensing Board Docket Nos. 50-329 OM,OL
. 50-330 OM,0L
Witnesses; Boos
Hendron
Hanson

Testimony of Ralph B. Peck before the Atomic Safety and Licensing Board, in the
the matter of Consumers Power Company (Midland Plant, Units 1 and 2), Docket Nos.
50-329 OM, 50-330 OM, 50-32v OL, 50-330 OL, notarized Nov. 3, 1982.

Letter from CPCo to H.R. Denton dated June 14, 1982 with Enclosure “Response to the
NRC Staff Request for Additional Information Required for Compietion of Staff Review
of Soils Remedial Workd dated June 14, 1982,

Summary of August 17, 1982 Meeting on Soils-Related Construction Release, dated
September 7, 1982, by Darl Hood.

"Structural Reanalysis of Diesel Generator Building Utilizing Actual Measured
Deflections as Input™, by John Matra.

Letter from CPCo to H.R. Denton dated October 21, 1981 with Enclosures:
“Structural Stresses Induced by Differential Settlement of DGB",
"Subgrade Modulus & Spring Constant Values for DGB Structural Analysis®,
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“Seismic Margin Review, Midland Energy Center Project”: Volumne 1, Methodology and

Criteria, dated February 1983, Volume V, Diesel Generator Building, dated July 1983,
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MEMORANDUM FOR: R. F. \n'lmlct'. Dir.ccto_r. Office of Special Cases

e
THRU; J.a!. Barrison, Chief, Section 2, Midland
FROM; R. B. Landszan, Reactor Inspector

- SUBJECT: DIESEL GENERATOR BUTLDING CONCERNS AT MIDLAND

At the recent hearing before Congressman Udall's subcoznittee, I expressed
my cencern regarding the structural adequacy of the diesel generator building
because of numerous structural cracks that have oczurred .throucthout the
building over the years. 1 also expressed the Same concern during the recent

, ASLB hearings. Mr, Eisenhut has requested me to document the basis of oy

concerns about the building so an independent review ETOUp cao analyze thea,

My first concern deals with the finite element analysis that Consus=ers
Pover Company (CPCo) used to show that the building is Structurally sound,
Their model of the building assumed a very rigid structure without any
cracks. The building has numercus cracks, reducing the rigidity of the
structure. The effects of these cracks have not been taken into account

in the analysis. CPCo's interpretation of the settlement data as a
straight line approximation alvays stems from their position that the
building is too rigid to deform as indicated by actual settlement Teadings,
The settlement of the building occurred over a period of time during different
phases of construction. It is this time dependent effect that vas also not
used in their model. Even CPCo expert Dr. Corely testified at the ASLB
hearings that the analysis should have “taken into account cracking and time
dependent effects" in order to give correct results., Finally, the staff'sg
official position, as stated by Dr, Schaver, on CPCo's analysis vas, "“The
staff takes no position with T2gard to that analysis,"™

My second concern deals with the Scceptance of the diesel generator
building in the SSER £2 vhich vas subject to the results of an analysis

to be performed by the NRC consultants using the actual settlecent values.
The consultants testified at the ASLE hearing that this analysis gave
unacceptable .results and this portion of the SSER should be stricken. They
are basing their uUnacceptable results and comments on their finding of
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very high stresses obtained in areas vhere no cracks exist,
the actual settlement values are pot accurate enough (are in error) to be
used in an analysis, The consultants, ag vell as CPCo, ran a linear analysis
(structure alvays in the elastic ranje) iostead of a plastic analysis
<hich would allow a redistribution of loads in the structure. Therefore,
supposed areas of high stress, vhere cracks are not located, may not exist
due to redistribution of loads. Finally, the staff's official position,
as stated by Mr, Rinaldi, on this analysis as performed by the consultantsg,
vas that the actual settlement values could Dot be relied upon to deternice
if the diesel generator building meets regulatory reguiresents.

Therefore,

My third concern deals with the fact that ve are not following normal
engineering practice in accepting the building by using a crack analysis
approach because there is no practical method available today to analyze

@& complex structure with cracks in it. The basis of this concern is that
there are no formulas available that can estimate stresses in a complex
stress field like those which exist in this building. Thus, the evaluation
of the structure based on the staff's crack analysis using empirical-
unproven formulas to determine the rebar stresses is unacceptadle.

¥y fourth concern deals with the staff accepting the building by relying
oD a crack monitoring program to evaluate the stresses during the service
life of the building. If cracks exceed certain levels, recommendations
will be made for maintaining the Structural integrity of the building.
The basis for my concern deals with the lack of crack size criteria and

the lack of formulated corrective action to be taken vhen the alloved
crack sizes are exceeded.

These concerns which I have just enumerated are also %
of Mr. Vollmer's engineering staff, as well as their consultant., These
concerns we~e documanted in the ASLB hearing transcripts of Dececber 10,

1982, prior to my ever expressing my concerns before the ASLE hearing or
Congressman Udall's subcommittee.

:red by mecbers

In summary, eince it is impossible to analyze this severely cracked
structure to the total staff's approval, I rr-ommend sosze Tenedial
structural fixes be undertaken to ensure- the structural integrity of
the building to provide an adequate margin of safety,

hﬁ%% L\f\\({.”hw.\

Ross B, Landsman
Reactor lnspector

cc: DMB/Document Control Desk (RIDS)
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