UNITED STATES B 3
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D, C. 20555

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

FROM: Frank Rinaldi, Structural Engineer
Section B
Structural and Geotechnical
Engineering Branch, DE

SUBJECT: R. LANDSMAN'S CONCERNS ON INTEGRITY OF DIESEL GENERATOR
BUILDING AT MIDLAND SITE

Enclosed please find the initial response to R. Landhan concerns on the
integrity of the Diesel Generator building at the Mid]anJ\site, as prepared
during a working meeting on July 28, 1983, by myself and our consultants,
John Matra and Gunnar Harstead.

Frank Rin;ﬁdi, Structural Engineer

Section B

Structural and Geotechnical
Engineering Branch, DE

cc: H. Denton J. Knight
D. Eisenhut G. Lear
R. DeYoung . J. Kane
E. Christenbur R. Landsman
C. Bechhoefer J. Matra
R. Vollmer G. Harstead
R. Warnick F. Rinaldi

XA Copy Has Been Sent to m




REPLY TO R. B. LANDSMAN'S CONCERNS ON THE STRUCTURAL INTEGRITY OF THE

DIESEL GENERATOR BUILDING FOR MIDLAND NUCLEAR POWER PLANT

The structural engineeting staff and their consultants have reviewed and
evaluated the structu¥al adequacy of the Diesel Generator Building (DG2) to
determine the functionality of the BGB and compliance of the design to the

structural engineesring requirements of NRC for the licensing of a nuclear
power plant.

The Midland Nuclear Power Plant (NPP) has had a number of technical reviewers

throughout the YIceﬁs%tjperiod, Construction Permit (CP) and Operating s
License (OL) stages.

This report concentrates on the period following the determination by Consumer

Powar Co. (CPCo) that the fill material under the DGB did not meet the design
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dvice of their consultants, surchargad the structure with approximately 30

£33

feet of sand and implemented a permanent dewatering program to correct the poor
soil conditions under the DGB.

In addition, electrical ducts were discovered
supported by a compstent foundation and were structurally connected to
the base of the DGB.
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This condition imposed new loads on the structure in addi-
tion to all other design loads (Dead Loads, Live Loads, Tornado Loads, Earth-
quake Loads, Temperature Loads), and the abnormal differential settlement loads.

Considerable cracks developed as a result of these additional loads. In order
to eliminate this condition,

of the abnormal loads.

the duct banks were releasaed, thereby removing one

The DGB is a reinforced concrete s

tructure with three crosswalls that divide
Each cell contains a 6 ft-6in.-thick concrete
pedastal to support 2 diesel generator unit. The building is supported on
continuous footings that are founded at el 622 ft and rest on backfill that
extends down to approximately el 603 ft.

the structure into four cells.

This rectangular boxlike structure




covers an area of approximately 70 ft by 155 ft. The exterior walls are

30 in. thick, and the interior walls are 18 in. thick. The foundations of

the exterior and interior walls of the DGB consist of continuous reinforced
concrete footings, 10 ft wide and 2 ft 6 in. thick, with their base at el.

628 ‘t. The walls rise from an elevation of 628 ft (bottom of footing) to (.
680 ft (tup of roof slab).

ections 3.8.3.4 and 3?8.3.5 of Supplement No. 2 to the Midland NPP Safety
Report suvgarizeiﬂzge NRC structural staff and consultante evalua-

t e DGB. This document was modified during the (ASLB) hearing of

December 10, 1932, by the additional written testimony of Frank Rinaldi,

John Matra, and Cunnar Harstead and all oral correction introduced by the

same witnesses.

The concerns documented by R. Landsman regarding the DGB by his memoraicum to

R. F. Warnick, Director, Office of Special Cases, Region III, dated July 19,
1933, transaitted to D. G. Eisenhut, Director, Division of Licensing, NRR, by
memorandum dated July 21, 1983, were received by the undersigned on July 27,
1983. This memorandum identifias, in general, concerns previously discussed by
tne stari auring internal mietings and atv tne ASLE December 1982 hearings reiated
to the UGB. The undersigned fail to understand why R. Landsman has not chosen

to participate more fully during these meetings, or why he had not documented
his concerns during the review process. The concerns identified in his July
19, 1983 memorandum in some cases are not clear, do not give specific reference
to transcripts and other official documents, and in sume cases references to
various statements are not fully correct. We will iirst cummarize our undsr-
standing of his concerns and then address the;e in the following order:

First Concern: Claim of inadequacy of tiw Finite Element (FE) Analysis
performed by the applicant for the DGB as applies to the
tollowing:

(a) Effect of cracks on stiffness of DGB
(b) Validity of straight line settlement data
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(c) Time dependency effects of settlements
(d) Coriey statement on cracks and time dependency effects
of settlement

(e) Staff's offical position on FE analyses as stated by
F. Schauer.

SECOND CONCERN: (a) Claim that the analyses performed by NRC staff
consultant (NSWC) is not properly documented in the

s
s

(b) Claim that different analyses (Plastic) should have
been used.

(c) Claim that F. Rinaldi stated that the staff cannot
rely on the results of the NSWC analyses using actual
settlement values.

THIRD CUINCERN: Claim that the crack evaluation used to determine the

stress in the reinforcing steel is not an adequate practical
enginaering approach.

FOURTH CONCERN: Claim that the crack monitoring program accepted by the
staff to evaluate the rebar stresses during the service
life of the building is rot adequate.

SUMMARY : Recommendation for new remedial structural fixes required

to ensure structural intergrity and provide adequate
margins of safety.

Reply to First Concern:

Part (a) Rigid in structural engineering terminology is defined ag absolute. —
To characterize cracking of a structure as reducing its rigidity is :
& contradiction of tarms, Therafore’to speak of reduced rigidity is -
incorrect. We assume that stiffness is intended in the analyses.
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Part (c)

Part (d)

Part (2)

The applicant performed many af’analyses to represent various
stages of construction, includin; 2 completed model, a 40-year
life-mode]l and a model using no soil support in an area where
we could not rely on the competence of the soil,

Attempts to direct‘qj’:;e the raw settlement data resulted in
anomalies such as tension in the soil and moments and forces
in the structure that cannot be justified by prudent engineering

Judgmant éha‘yses. and observations of the ctructure,

In conclusion we agree thai the use of the straight line represan=-
tation of the sattlement data is a good engineering approach.

The fact that settlement took place over a pariod of time was
accounted for ina® the applicant's and in NSWC's analyses. Settle-
ments that tock nlace prior to the completion of construction had
less inect on the final stresses in the structure, for the following

reasaons:

a. tne partially constructes structure is less stiff ana thersfore

momznts and forces were minimized

b. reinforced concrate that had not yet been installed could not be
subjected to stresses resulting from prsvious settlement. We,
therafore find that the time dependent effect was used to our
satisfaction.

Wie recommend $& contacting W. G. Ccrley and request his direct
comments to . Landsman's in First Concern Part (d).

F. ;chauer(/gjg’;ake the statement identified by R. Landsman during
the ASLE hearing of December 10, 1982 (p. 11149). However, we sug-
gest that K. Landsman raad the cross-examination by the ASLE on page
11150 of the Dacember 10, 1933 hearing to fully understand the staff
pasition as stated by Dr. F. Schauer.
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The answers provid # on that page of the transcripts states that one
cannot fully rely on all of the analyses, and that engineering
Judgement needs to be exercised.

Reply to Second Concern:

Part (a)

The summary report on the NSWC analyses was entered into evidence at
the ASLZ, Dstember 10, 1982, hearing. It was discussed in detaily
by J. Matr'® and commentad on by F. Rinaldi, G, Harstesd, and

=Sy

F. Schauer. In summary, that report stated the following points:

1. The behavior of this structure as shown by the results of the
eanalyses is inconsistent with respect to the actual observations
in the structure as far as crack locations. (Not for duct
bank impingemsnt consideration).

2. Analyses of the partial structure, including duct impingement,

resulted in very high stresses in the walls at the duck banks.
With these stresses over twenty times yield, a great possibility
of‘cracas in tnese areas existed. A comparison between tne
crack mapping survey at this time of construction (3/78 to

1/79) and the analyses are in good agrecment as far as the
location of structural cracks in the area of the duct banks

are concerned. However, the analyses show that other areas

of the DGE walls still have high stresses and in all probability

should also he cracked. Eut no cracks were observed in these
areas.

3. In all cases where the ducc banks have been released, the

measured or predicled settlement values imposed on the
enaiytical models resulted in very high stresses in areas
where no cracks now exist. Thus, indicating that these
settlement values as such were not seen by this structure.
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Part {b)

4. Imposing the measured settlement values on a partially completed
model, and then considering these values as part of the total
sett’ument values for the completed structure without considar-
ing the following effects:

(a) redistribution of loads once yield is reached,

-
-

(b) the relaxation effects,
(c) the accuracy of the measured data, and

(d) thz location of the measured settlement value relative to

ings whare the actual displaced values were input

%

oes lead to large e rors. Thus, this structure will

are discussed, but not actually input into the analysis

can and

G {
never undargo the differential settlements as predicted nor the

o+

patiarns of sattlemant indicated in the measured and or pradictad

cr

Also, as inzcicated in the reply to First Concern Part (b). the
results indicate tension in the soil and moments and forces in
the structure that cannot be accounted for using sound engineering

practice.

ses indicated

g Uhed
The s> the direct use of the limited

number of actual measured settlement data,in the angineering analyses
comnet bewyed } 2 Aan A
/q:znnut proper structural enging2ring Judgment, e=th] a so‘ln seiec.ing

a monitering point for the service life of the DGB (a location of

high stress derived from these analyses, but having no major cracks

was selected).

the elastic analyses performed by the applicant give correct and
conservatlive irdications of stress. This is concluded after heving

reviswed the structural made!,:be analyses and tha raesults. If an

:
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elastic analysis shows a region of high bending moment such that
reinforcing bar stresses exceed their yield stress, the section may
then be considered plastic; i.e., increasing rotation will not in-
crease moments or stresses. However, there is no indication of

yielding rebargrgpalling of concrete which would indicate that a -
portion of the structure has become plastic. In fact, the formation

of plastic sections in a structure m the secondary stress —
effects of conditions such as differential settlement. To state

xhah Vi :

suppdeed 2reas of high stress, where ¢racks are not located,
may not exist due to v-distribution of loads," is indicative of

serious lack of familiarity with basic structural ana is. —

Part (c) The claim that F. Rinaldi stated, "that the actual settlement values
could not b2 relied upon to determine if the DGB meets the regulatory
requirements" is not complate, The additional testimony clearly
states that the applicant's analyses using linear settlement data
was not;‘#fﬂll;}’relied upon in our evaluation. This is stated on —
pages 11034 - 11087 of the ASLE hearing transcripts, dated December
10, 1982, The staff performed an additional crack evaluation as
Statza in our written testimony presentea on the pages foliowing
page 11096 of the above mentioned ASLB hearings. All stress levels
were below code allowable. Therefore, we found the concrete cracking
levels in the DCB. as reported by the applicant, acceptable.

Reply to Third Toncern:

The evaluation of cracks as performed by the Staff is not a
structural analysis, but rather a method of estimating upper bound
stresses in the rebars of an existing reinforced copcrete structure.
These values were used as conservative values for stress due to
differential :ottlemen%,shrinkage and other secondary effects.

The structural analyses of the DGE were performed by the apnlicant
considaring all lcumyfcombinations as documented in their report,
"Structural Stresses Induced by Differential Settlement ci the D32 "
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Reply to

The results are documented in the additional written testimony. See
transcripts for the ASLE hearing of December 10, 1982. The 0GB is
not a complex structure, instead it is a syﬂkle box-!ike structure.
Also, all rainforced concrete structures have cracks and we disagree
witﬁiﬁ%szement that "“there is no practical method available today

to analyze a complex structure with cracks in it." Note that the
applicants' structural consultants and our structural staff and their
consultants have performed several evaluations of the DGB without

.
-~ 4 3 -
finding any* unrecolved concerns
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Feurth Concern;:

The DGB was not acceptad by the staff solely by relying on a crack
monitoring, progrem.  QOn the contrary, the acceptance was based upon
reyiews of the analysas and designs prepared by the app'icant as

well as independent calculations. Furthermore, the stresses caused

by settlements are secondary stresses. Secondary stresses are defined
as those stresses which can exist in a structural material which do
not impair that capability of the structural material to carry primary
stressas, provided the secondary s:resgzbo not cause rupture or gross
Gisiortions of the structural material. From a variety of evaluations
the indications are that the stresses in the reinforcing bars are

well below yield and far from rupture. The compressive stresses in
the concrete are very low. There are no indications of gross distor=
tions or the structure. Therefore, the cracks that have occurred
merely indicate that the reinforcing hars will carry imposed ternsile
forces while impo-ed compressive forces will cause the cracks to
close. YWiile there are no expectations &ruptu or gross dister=
tions in the future, a crack monitd{fng program a&,{ggzablished to
provide engineers with information to assess the condition of ke

structure, as a prudent measure.

The criteria for the monitoring procram is identified as ASLE
erhibit #29,
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Reply to Summary:

It is surpricing that with 411 of the data and information available
on the subject of DGB there still exists such a misunderstanding,
Bayond this response we would respectfully direct R. Landsman to
evalaate all of the information currently available in the field of
steuctural analysis a+d specifically to that available in the docket
of the Midland project.

ltf’is our conclusion that all analyses, designs, crack mapping and
evaluaiions and the monitoring program are adequate t6 establish the

Cstructural in.egrity of the DGB. Only unexpected results curing the

monitoring projran would ngcessitate a reassessment of the DGB.

unnar Harstead, Consultant
tructural & Geotechnical Engineering

grancn

John Matra, Consultant

Structural & Geotechnical Engineering
Branch

M—Mféghgdt,,‘Ju:_ ‘gf .-.12215—l~'

Frank Rinaldi, Structural Engineer
Midland Project,

Structural & Geotechnical Enginearing
Branch
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Director of Administration

U.S. Nuclear Regulatory Commission
August .8, 1983

Page Two

For any documents or portions that you deny due to a specific
FOIA exemption, please provide an index itemizing and describing
the documents or purtions of documents withheld. The index should
provide a detailed justification of your grounds for claiming
each exemption, explaining why each exemption is relevant to the
document or portion of the document withheld. This index is
required under Vaughn v. Rosen (1), 484 F.2d 820 (D. C. Cir. 1973),
cert, denied, 415 U.S, 977 (1974).

We look forward to your response to this request within ten
days.

Yours truly,

CUK\, 'l()\ W ( ¢ ‘(\ ;

Billie Pirner Garde
Director, Citizens Clinic for
Accountable Government

pdc



