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799 ROOS. VELY ROAD
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March 1, 1984°

MEMORANDUM FOR: James G. Keppler, Regional Administrator
FROM: Stephen H. Lewis, Regional Counsel
SUBJECT: DOW LITIGATION (MIDLAND)

On February 29, 1984 Carol Rice of Kirkland & Ellis, representing Dow Chemical,
called my office to speak with Dan Berkovitz (0GC) who was in Chicago on a
deposition. I took the following information from Ms. Rice, which I have
comaunicated to OGC by telephone.

Dow,at NRC's request, has identified the followiug NRC employees who they want
to interview:

Wayne Shafer, RI1)
Isa Yin, RIII

B{1]l Lovelace, RM
Ron Cook, RIII

Ron Gardner, RILl
Ross Landsaan, RIII
Bob Wernick, RIII
Darl Hood, NRR

Joe Kane, NRR

Gene Gallagher, OPE
George Maxwell, RI1

Additionally, ehe indicated they wanted to interview Gerry Phillip, a former
Region II1 sovestigator,

0GC had requested this listing of NRC personnel Dow wished to interview because
of concarn that Dow would otherwins just "feel their way along” and NRC would
end up with a great drain on Aits resources. This list and additional informa-
tion provided by Ms. Rice confirms that there could be a substantial drain on
NRC (and particularly RILL) resources to accommodate Dow's request,

The additional information is that Dow has already identified certain NRC
personnel (she only identified you) who Dow already knows they want to depose,
She further indicated that they might want to interview Jay Harrison, Bruce
Burgess, Chuck Forelius, and Lee Spessard.
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

REGION 11 :
799 ROOSEVELY ROAD ] [ 2] =

OLEN ELLYN, ILLINOIS 60127 .

March 1, 1984

.

MEMORANDUM FOR: James G. Keppler, Regional Administrator
FROM: Stephen H. Lewis, Regional Counsel

SUBJECT: DOW LITIGATION (MIDLAND)

On February 29, 1984 Carol Rice of Kirkland % Ellis, representing Dow Chemical,
called my office to speak with Dan Berkovitz (0GC) who was in Chicago on a
deposition. I took the following information from Ms. Rice, which I have
communicated to OCC by telephone.

Dow,at NRC's request, has identified the following NRC employees who they want
to interview:

Wayne Shafer, RIII
Isa Yin, RIII

Bill Lovelace, RM
Ron Cook, RIII

Ron Gardner, RIII
Ross Landsman, RIII
Bob Warnick, RIII
Darl Hood, NRR

Joe Kane, NRR

Gene Gallagher, OPE
George Maxwell, RII

Additionally, she indicated they wanted to interview Gerry Phillip, a former
Region III investigator.

0GC had reaquested this listing of NRC personuel Dow wished to interview because
of concern that Dow would otherwise just "feel their way along" and NRC would
end up with a great drain on its resources. This list and additional informa-
tion provided by Ms. Rice confirms that there could be a substantial drain on
NRC (and particularly RIII) resources to accommodate Dow's request.

The additional information is that Dow has already identified certain NRC
personnel (she only identified you) who Dow already knows they want to depose.
She further indicated that they might want to interview Jay Harrison, Bruce
Burgess, Chuck Norelius, and Lee Spessard.
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I indicated to Ms. Rice that Region III was concerned about the substantial

time commitment that would be involved in making all of the identified personnel
available for interviews, particularly if the interviews led to a request from
Consumers that they be interviewed and eventual depositione of some or all of
these individuals. 1 suggested (I had previously discussed this with 0GC)

that as a preliminary step Dow submit a list of questions they wanted to pose

and NRC could then determine who we would consider making available. She

stated that Dow was reluctant to limit the areas it wanted to explore and was
also reluctant to put any questions in writing (I gather because they do not

want to run the risk of having to produce the questions upon a discovery request).

I indicated that I would pass along this information to OGC. She stated she
would contact Mr. Berkovitz on March 2.

0GC will be representing NRC personnel in connection with any depositions in
this Federal District Court litigation. I will coordinate with them, so that
they are aware of Region III's position. Prior to that, I will schedule a
meeting with you to discuss this matter further.

Mtewe

Stephen H. Lewis

Regional Counsel
cc: Berkovitz, 0GC
Lieberman, ELD
Hartfield, RM
Lear, SGEB, DE
Adensam, LB, DOL
. Zerbe, OPE
Lewis, RII
. Warnick, RIII
Norelius, RIII
Spessard, RIII
Bert Davis, RIII
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MEMORANDUM FOR: James P. Knight, Assistant Director
for Components and Structures Engineering
Division 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. 6. 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. Vollmer, DE to D. G. Efsenhut, 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-evaluate 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 construction
reports; physically inspected the building; interviewed concerned individuals,
including Dr. Landsman; and prepared a final report on the adequacy of the
Midland NPP Diesel Generator Building. The final report on the adequacy of
the Midland DGB is enclosed. '

The task group's conclusions and recommendations are summarized as follows:
1. The settlement data indicate that the fi11 under the DGB is well into

the secondary consolidation phase so that large additional settlements
are not anticipated;

2. It is judged that there is reasonable assurance that the structural
integrity of the DGB will be maintained and 1ts furctional requirement
fulfilled. However, it is difficult to show that the stressss in the
DGB can meet the criteria of the FSAR. The stresses due to settlement

were 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
monitoring program be established; and

5. The monitoring program should specify an upset crack width level that
would reflect a sufficient stress margin available to resist critical
load combinations. The monitoring program should mandate structural
repairs if the Alert Limit {in crack width) were exceeded.

N
g Shgpe— «
o-Tsin Kuo, Section Leader
tructural Engineering Section B
Structural and Geotechnical
Engineering Branch
Division of Engincering

gnclosure:

As stated

cc: H. Denton

D. Eisenhut

R. Vollmer

G. Lear

E. Adensam

D. Hood

N. Romney

C. Tan

R. Landsman, R 11l
F. Rinaldi

J. Kane

CONfACTS: C. P. Tan, SGEB

x28424

N. D. Romney, SGEB
x28987






REPORT ON THE REVIEW OF THE
DIESEL GENERATCR BUILDING AT MIDLAND
OCTOBER, 1983
BY

Dr. Chen P, Tan
Mr. Norman D. Romney
Dr. Par-Tsin Kuo, Task Group Leader
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Structural and Geotechnical Engineering Branch
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Assisted By:
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Dr. A. J. Philippacopoulos
Dr. Morris Reich

Brookhaven National Laboratory
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1. INTRODUCTION

The Diesel Generator Building (DGB) at the Midland Nuclear Power Plant (NPP)
is a reinforced concrete structure which has undergone excessive unequa)
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 commitments 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
incependent Task Group to re-review the struc:ural adequacy of the DGB. The
Task Group consists of three members from the structural engineering staff
and a consultant team from Brookhaven National Laboratory. The corisultant
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



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

personnel, and

(3) to make recommendations to resolve any lingering concerns.

It 1s acknowledged that the Task Group has had out:standing cooperation from
the Applicant, the structural engineering staff reviewer and its consultants,
the geotechnical engineering staff reviewer and its consultant, and NRC
Region III 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 fects in a short
period of time. The chronology of the group's various activities and persons

contacted are presented in Appendix Il tc this report.

An independent report written by Brookhaven Naticna’ Laboratory is included

in Appendix III of this report,
2. DESCRIPTION OF THE DGB AND I7S PROBLEMS

The DGB is 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' cnd
resting on a fill that extends down to approximately elevation 603'. The
building has exterior wall thickness of 30", roof slab and interior wall
thickness of 18", Pian dimensions of DGB are 155' x 70 with a total
internal height of approximately 44', Each diese) generator rests on a 6'-6"
thick, RC pedestal that is not structurally connected to the building
foundation. 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 soil below the fill. A soil boring pregram to
determine the quality of the backfill under the foundaticn discovered that
the fill 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 fo- cohesive soil and from veryv 1ocse to dense for
granular soil. At the time of the soil exploration, the groundwater level
was observed to be ranging from elev. 616' to 622' and the cooling pond,
located about 2’5 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 summarized as follows:



(A) Separate the DGB from the duct banks - The duct banks entering the DLL
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 fill
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 potential 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 indicated 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 followine

sections.

3. SETTLEMENT AND CRACKING ISSUES

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

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

liquefaction of the sand backfill below the DGB during a seismic evert,

(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
allowable limit for the cracking width is exceeded under the established

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 settlements has not
properly been considered. The Region lIl inspector also contended that,
because actual cracking of the concrete walls was not considered in the
Applicant's analyces, the rebar stresses 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 i< indicated that the Applicant has made a
number of structural re-analyses and used the results of the re-analyses to
Justify the DGB structura: adequacy, and trnat there have been concerns
expressed as to the epproprizterass of the re-analyses. The essential

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

Settlement Analyses

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 12 which was analyzed by long
hand computation and by idealizing the partially completed DGB as a series of
individual beams, the otner 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 an:
three measured neighboring settlement points and selecting the one with the
iargest curvature for moment computation, 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 settiement
Case 1B, the finite-element model represents the structure as built to el.

662 f 0 in.

For settlement Cases 2A and 2B, the finite-element mode] 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 measureu 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" settlements. 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 iteration 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 the 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 analysis. 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 history of the DGB.
Cracking Analysis

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 {i~duced by too heavy loads, settlement of the footings
ang/cr changes in teriperature). Cracks due to excessive stresses appear most
frequent 1n the tension zones and are seldom encountered in the compressicn
zone of concrete members. Cracks in the RC walls of the DGB are caused by a

combination of shrinkage, unequal settlement 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 settlement 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
DGB by using the Automatic Dynamic Incremental Non-linear 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
I1linois. On the basis of the crack patterns and crack-size, Prof. Sozen
estimated the stresses in the rebar across the cracks to be in the range of

20 to 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 lcads. It showed

that the resultant stress was within the acceptance criteria (Tr, 110%6).

In order %o assure the structural irteority ¢f the DGB, the Applicent has
proposed a crack monitoring 2nd evaluation program to be used during the life
of the DGB, in addition to an initial repair program. S»ecific acceptance
criteria (i.e. alert limits and action limits) for crack width and crack
width increases have been specified by the structural engineering staff

reviewer and agreed to by the Applicant.
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5. VIEWS ON THE ISSUES RAISED

The four concerns as raised by Region i1l inspector, Dr. R. B. Landsman, are

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

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

I.

Concern:

"My first concern deals with the finite element analysis that Consumers
Power 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 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 'ine approximation always stems from their
position that the building is too rigid to deform as indicated by actual
settiement 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 21so not used in their model. Even CPCo
expert Dr, Corely testified at the ASLE hearings that the 2nalysis
should have "taken into account cracking and time dependent effects" in
order to give correct results. Finally, the staff's official position,
2s 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 is that the cracks have nc*t 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, unequa. 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 through 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 does not take tension. Such a procedure of analysis
and design is a standard practice and is, in fact, recommended by the

ACl 318-77 code.

The second part of this concern is that the actually measured
settiements 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 attaired
after the removal of the duct bank restraints and at the end of
surcharging. In the early stages of construction the components such as
the continuous strip footings, and wall portions forming the lower part
of the 0GB were most 1ikely very flexiole, and deflected in conformance
with the settlement without creating any excessive stresses in the
As-built portion of the DGB. There might be cracks in some of the
components of this portion of the DGB due to shrinkage and/or
displacement of the green concrete as a result of settlement. In order
to adequately consider effects of settiement over the period of time
during different phases of construction, the analytical models would
have to be different for different phases of construction and to be

meaningful there should be settlement measurements 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 measurements which are available correspond to those in
the later stages of DGB constructiun, 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
settiement values are available. The measured and/or predicted
settiement values are 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 moticns. The computed stresses from this model are
due to racking only. The stresses obtained in the process of
Tinearizing the settiements, therefore, do not represent the actual

settlement stresses.

The use of curvey inaccuracies to discount the differsnces between the
measured/predicted settlements and the linearized 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 of 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 fictor
has been taken into consideration but in a very gross manner, A:

indicated in the preceding comment in order to assess accurately the
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stresses in the walls of the DGB, detailed information on wall cracks
(time-dependent) and on settlement values (2lso time-dependent) would be
required for each step in the construction. There is no 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 Applicant's settlement analysis is questionable and it cannot be
relied on to reach any conclusion. The structural engineering staff
reviewer took a practical approach by ignoring the analysis, and

resorted to the solution through crack analysis.

Concern:

"My second concern deals with the acceptance of the diesel gererator
building in the SSER #2 wnich was subject to the results of an analysis
to be performed by the NRC consultants using the actual settiement
values. The consultants testified at the ASLB hearing that this
anaiysis gave unacceptable results and this portion of the SSER should
be stricken. They 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, suppused areas of high stress, where
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 consultants, was that the actual
settlement values could not be relied upon to determine if the diesel
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 vaiues. 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 settlement was continuing with
the progress of construction, When the strip footing concrete was
placed, settlement started. Since the footing is a comparatively thin
slab, it would likely deform with the settlement without creating
excessive stresses. With the build-up of the walls, settlement
increases and rigidity also increases. When the intermediate floor slab
and the roof slab were completed, the complete structure became a very
rigid structure and any settlement should be nearly linear unless there
were weak sections across the building. Yo analyze the completed DOB on
the basis of the settlement values which were accumulated during the
construction and after its completion would resuit in exceedingly high

stresses which are not representetive 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 loads in the structure. This observation is valid
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 of settlement, a non-linear model accounting for plastic

effects would not be meaningful.

The thira portion of this concern is the staff's official position that
tne results of the analysis by the staff's consuitants on the basis of
actual settlement measurements cannot be relied upon to determine if the
DGB meets regulatory requirements. From the preceding 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.

Concern:

“My third concern deals with the fact that we are not follewing normal
engineering practice in accepting the building by using a crack analysis
apprrach because there 15 no practical method available today to aralyze
a complex structure with cracks in it, The basis of this concern 1s
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
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 to rebar stresses, but in effecting the

analyses one still has to make scme major simplifying assumptions which
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requires the judgment of the analyst. The results of such analyses in
most likelihoou will not be exactly the same as what actually exists.
In tne case of DGB the estimation of rebar stresses from the sizes of
cracks 1s admittedly an approximation. However, it is the judgment of
the Task Group that this is the only practical approach available 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 settiement
are less than the allowable values after accounting for load

combinations 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 1ife 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 acceptance 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

misieading.

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.

Highl» flexible structures follow the displacement of the foundation
soil surface at all points. An example of such a structure is an earth
embankment. 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 distribution 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 structires level out the settlements, i.e., they perform in
conjunction with the soil bearing material. It is because of
re-distribution of the pressure by the structure thet differential

settlement effect of the supporting material diminisnes.

Practically rigid structures, which include mo.t buildings and many
engineering structures (muitispan trestles and bridges with continuous
structural members, reservoirs, storage tanks, etc.), cannot closely
follow the foundation scil deformations at all points and, because of
differential settiement, 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
soi1] 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 results 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 flexible, practically rigid to highly rigid. It
is believed that most of the settlement and settlement cracks appeared
at the various stages of construction. However, the cracks have not
been 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 ived, especially the postulated internal
pressure, the full strength of the walls will be mobilized, and there
will be a redistripution of the load, if 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
slabs. With necessary repair work to be done and with adequate
monitoring programs, there is reasonable assurance that the structural
integrity of the DGB will be maintained and its functional requirement
will be fulfilled.

7. CONCLUSIONS AND RECOMMENDAT ION

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

concerns trey may be summarized as follows:

1. Analyses of the DGB either by linearizing the settlements or by
applying the settlements as measurad 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
settlement history for the DGB does not exist. For this reason,

the Task Group believes that a rigorous analysis to com,ute rebar
stre.ses 1s urattainable.
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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 convincing a detailed procedure of

crack analysis should be documented and provided.

Inconsistences in the documentation of the settlement history needs

to be resolved. For example, the Midland Units 1 and 2 Executive

Summary dated August, 1983 states that for the July 1978 period,
the maximum settlements recorded were 3.5 inches while Figure ES-14
of the same document indicates a maximum of 1.99 inches for the

same period.

The current monitoring program is inadequate to deduce future
distress. Thus, an adequate monitoring program for both settlement
and cracks should be developed and implemented to assure that the
structural integrity of the DGB should be maintained during the
life of the plant,

On the basis of the overall evaluation, it is nevertheless felt
that the DGB in its current state can fulfill its functional

requirement

It is recommended that a repair program be developed and
implemented.
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1A

i8

2A

2B

TIME PERIOD
3178 - 8178
8/78 - 1179
1179 - 8179

9/79 - 1212025

TABLE 1

DIESEL GENERATOR BUILDING

SETTLEMENT CASES

PERIOD

PRE-SURCHARGE

PRE-SURCHARGE

SURCHARGE

4O YEAR

PORTION OF BLDG COMPLETE

WALLS TO ELEV 654"
WALLS TO ELEV 662"
(BELOW MEZZANINE SLAB)
COMPLETE BUILDING

COMPLETE BUILDING
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LINE A| 1.19 1.02 - 0.90 0.85 0.76
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MEMORANDUM FOR: C. P, Tan
Norman Romney
Structural Engineering Section B
Structural and Geotechnical Engineering Branch, DE

THRU: George Lear, Chief é@(1¥;
Structural and Geotechnical Engineering Branch, DE bﬁ'

FROM: P. T. Kuo, >tructural 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. Volimer to D. Eisenhut, a task group to
re-evaluate the structural design and construction adequacy of the
Midland Diesel Generator 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.

177 }
. 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
G. Lear
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MEMORAKDUM FOR: Darrell 6. Eisenhut, Director
Division of Licensing

FROM: Richard H. Vollmer, Director
Division of Engineering

SUBJECT: EVALUATION OF LANDSMAN'S CONCERNS REGARDING
DIESEL GENERATOR BUILDING AT MIDLAND

Pesponding to your memorandum, subject as above dated June 27, 1983, J.
Knight, Assistant Director for Components & Structures Engineering,

has formed a tak group to re-evaluate the structural design and
construction ac quacy of the Midland Diesel Generator Building. The
group. heaced by Dr. P. T. Kuo, will review the design review documents
and the construction reports; physically inspect the building; search
out and intervicw concerned individuals, including Mr, Landsman; and
prepare a final report on the adequacy of the Midland NPP Diesel
Generator Building. The particulars of the groups' composition and
charter are ceveloped in more detail in the attached document. Note
that we intend to use a consultant in a capacity to critique our
findings on Mr. Landsman's concerns. The consultant's views will be
provided in our report.

-
F

"/.‘ - /"’(é"l/\
"Richard H. Vollmer, Director
Division of Engineering

. Denten —
. Knight

. Keppler

. Novak

. Adensam

. Lear

. Kuo

. Rinaldi

Hood
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IMPLEMENTATION CONCEPT
REVIEW OF THL MIDLAND NPP
DIESEL GENERATOR BUILDING

MISSION _

A review will be conducted as to the structural adequacy of the
Midland NPP d{;sel generator building. A1l 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,

BACKCRCUND

The NRC structural engineering staff (headquarters) has reviewed
the Midland NPP diese) 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 III 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 carefully evaluated so that
the adequocy of the diesel generator building may be further

assured,

ORGAINTZATION
The review group is composed of four technical members -



a group leader 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 wil) provide the background
technical studies, reports, and other review materials that formed
the basis for their review and technical conclusions. The MRC
project staff “or the Midland NPP will provide general
administrative arrangements to facilitate the review. Region 111

will provide a complete listing 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,
25 a separate attachment, the opinion of the consultant group

member,



TIMING

Review activities should be completed NLT 30 working 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 completion of the review,

Ll
-

DESIRED PRODUCT

The desired final report of the review is a report that discusses
each of Mr, Lardsman's concerns, as well as any other concerns that
might be offered during the review, and provide a basis for
acceptance or rejection of each concern. A technical review of the
adequacy of the diese) generator building should then be presented
that is reflective of the groups' final recommendations in this
matier in 1ight of new information furnished by Mr. Landsman and

others.



APPENDIX 11

SUMMARY OF MEETINGS

August 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 settliement.

On the evening of August 24 and during the morning of August 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 personnel 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 original
NRC staff reviewers responsible for 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; DOr. 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 As;ociates (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. Dr. 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. Generally, Dr. Singh expressed his opinion that the cracks in
the DGE 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
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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
settiement data because they are the best data available from the
Applicant and were more appropriate to use than to assume straight line
settlement. With regard to the structural analyses using actual
settiement 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
expianation as to why cracks were observed in areas where the analyses
of the DGB indicated low stresses. The explanation offered was that the
settiement 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 settiements would be inappropriate
given the accuracy between survey measurements of +.or - 1/8", Such
inaccuracies 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

measurements as inputs,
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He indicated that there was not sufficient settiement data points to
make a reasonable stress analysis., To obtain the required input, Mr,
Matra stated that he linearly 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 estimeting 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 agreed to (0.05 /10' as alert
limit 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 sviuctural design calculations of the Midland 0GB.
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On Monday, September 12, 1983 the NRC Task Group reviewed the following

DGB calculations:

- concrete/rebar stresses using settlement data by Karl Wiedner;

- straight line (rigid body) settlement by Karl Wiedner;

- concrete/rebar stresses assuming the DGB is supported at four
points;

- stress totals from all load combinations;

- finite elemert modal for DGB.

On Tuesday, September 13, 1983, the NRC Task Group discussed with Or,
Mete Sozen the calculations he did on rebar stresses estimated from
concrete crack widths. Or. Sozen had made calculations estimating rebar
stresses from crack widths for the center cross wall only, A call was
made to Mr, Rinaldi in Bethesda to verify how he made his calculations
on the other walls., Mr, Rinaldi indicatea 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.

All -5



Landsman Interview

The Task Group intervieweo Dr. Landsman on September 13, 1983 for about
3 hours. Or, Landsman discussed each of his concerns at length, During
the interview, potential resolution of the prob'em of the DGB cracks was
discussed. DR, Landsman agreed that stresses determined from analysis
of crack widths would be acceptable, provided that:

(1) these calculations were sufficiently documented; and
(2) an acceptable crack monitoring program was specified and
implemented,

A copy of Dr. Landsman's memo of July 19, 1983 documenting his concerns
on the Midland Diese)! Generator Building is included as Appendix 1V,
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1.0 INTRODUCT TON

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. Dr. R.B
Landsman, of Region IIl, has raised questions regarding this safety issue
(Ref. 1). The specific objective of this study is to assess the significance
of his comnments 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
personnel so that a correct interpretation of the work performed could be
made. Additional calculations were specifically omitted from the scope of
this study. All 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 to demonstrate
the adequacy of the DGB. Their consultant's (Dr. M. Sozen of the University
of I1linois 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 detemmine the sequence of concrete place-
ment.

Further interviews were held at NRC on September 8. Individual inter-
views were held with Dr. Harry Singh (soils consultant for NRC from the Army
Corps of Engineers), Joseph Kane (NRC staff), and Lyman Heller (NRC staff).
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A canbined interview was also conducted with Frank Rinaldi (NKC staff), Jonn
Matra (structural consultant for NKC frun Naval Special Weapons Center), and
Ur. 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 loac 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 Il 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 PERTINENT WORK

The material on the DGB which was reviewed during the course 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 interior walls are 18*
thick while the exterior walls are 30" thick., The structure is 155' by 70' in
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in 6 1ifts as follows:

ctober 1977 to Elev. 630.5 (foundation)
December 1977 to Elev. 635.0
March 1978 to Elev. 654.0
August 1978 to Elev. $52.0
December 1978 to Elev. 664,0
February 1979 to Elev. 678.3

Within each lift the pours were generally made from east tc 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 settlement caused the structure to
“hang up” on the duct banks which penetrate the footings on the crcss walls.
The duct banks were cut loose from 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 is founded on approximately 30' of fill material, underlain by a
very stiff glacial till about 190 feet thick. 2 dense sand layer about 140°
thick lies below the till, which is in turn underlain by bedrock. The
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g July 1978, settle-
7) were noted which were greater than
lements., Apparently consolidation of the

In addition, the

er the structural crosswalls were acting as hard
points to the foundation since they were in turn being supported by the stiff
natural soils below t fill. This caused rotation of the building about the

duct banks,

Lonstruction was halted during August 1978, a soil buring program under-
taken to determine the problem with the fill and Drs. KR.B. Peck and A.J.
nHendron retained to advise on the remedial action. The exploratory program
consisted of 32 borings (with no undisturbed sampling) and 14 Dutch cone
penetrameters. These confirmmed that the fill had been improperly placed (in

an extremely variable density state) and consicted 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 ccnsolidate 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. Data was sufficiently
scattered to indicate that the fili may not be uniformly consolidated. Unfor-
tunately, the boring program conducted after the surcharge program was com-

pleted, did not include cone penetrameter soundings for comparison with the
readings taken before the surcharge was applied,
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At the completion of the surcharge proyram, it was decided that since
loose sands still existed in the till, a permgnent dewatering system would be
installed to preclude the potential for soil liquefaction during a seismic
event. This dewatering caused additional 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 t“an the settlements
caused by the fill consolidation.

It is questionable whether the piezometer data was of any significance in
analyzing the excess pore pressure condition develcoped in the fill during the
consolidation process. The readings indicate generally very low pore pres-
sures, about 1/20 the magnitude of the applied surcharge pressures. It is not
clear in 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 from 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 settlement 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 stress 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
inconsistencies appear to exist in the various documents.
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in general cracks were visually

‘efMmine crack width Crack
interest as this corresponds to

Crack maps were prepared based on
Cted during December 1978, September 1979, February 1980 and July
1981, DOr. Corely observed the cracking in January 1982 (Ref. 6) and confirmed
that the general pattern of cracks agreed with the July 1981 Bechtel crack
WapsS. He prepared a detailed crack map for the center interior 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
south walls. These additional cracks are in the lower level (up to Elev. 664)
ana 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
settlement problem was first noticed). The pattern of cracking is more severe
in the east side of the building. This crack pattern is 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 additicnal cracks. These maps also show cracks
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In the upper level of the building. These cracks occur near the south side of
the building 1n the cross walls. The cracks tend to be vertical with some
inclination 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 is 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 crack maps were prepared from 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 wes
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 which 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 settlement 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
still 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
combination study. This analysis makes use of the straight line approxime-
tions to the profiles of the settlements of the north and south walls, The
second and third analyses described are the Bechtel and Matra studies, which
attempt to use the actual measured settlements to estimate settlement
stresses. These analyses, though different in detail, lead to the similar
conclusion that the settlement measurements were (and continue to be) in
significant error. The fourth analysis describes a cruder model which
attempts to approximate an upper bound to settlement stresses by looking at



the crack measurements, The first three analyses are based on detailed finite

element models, while the fourth i1s based on crack patterns and crack widths.
2.4.1 Bechtel's Computation of Settlement Stresses (Ref. 2)

Since the building settlements occurred when the structure was in various
stages of construction, the settlement stresses were evaluated for 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 fram tne structure and construction resumed. The third
time period extends from January 1979 to August 1979 during which time the
surcharge 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 life 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 wails 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 ocarred 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 elements were used to mode
the walls, and beam elements used for the footings. Eighty-four (84) boundary
elements were used to model the vertical soil stiffness (equivalent to the
coefficient of subgrade reaction). An iterative process was then used to
determine the stiffness of these boundary elements. A best fit straight line
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 departure from the best fit straight lines is within
the tolerance of the survey data. Dead load reactions were next estimted at



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 is our opinion that this model will yield unconservative estimates of
stresses. If the iteration process were successfully completed, the deforma-
tion of the north and south walls will be straignt lines. The only stresses
that would be computed would then occur due to racking of the structure caused
by the difference in the north and south wall straight lnes. 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
settlement stresses is inappropriate.

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 from these points. This indi-
cates that the analysis overly penalizes the structure by imposing large con-
centrated forces at the wall intersections. In fact, at some points, the soil
is required to pull the structure downward to match these known displacements.



A modified analysis was perfommed by Bechtel at the suggestion of the
task group. Rather than input only the ten known displacements, a snoothed
Curve was generated which matched the known settlement data, but eliminated
the sharp profile changes developed in the analysis described above. A best
fit polynanial 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 of wall profiles indicate that this 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 state 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 Bechtel results due to the linear assumption between
data points. If in fact this was done, the conclusions reached in that report
wouid be of little value since such high bending stresses would be generated
at these discontinuities.

2.4.4 Estimation of Stresses from Crack Data (Ref. 5)

Sozen considered the problem of predicting reinforcement stresses from a
knowledge of the crack patterns. He observed that the usual problem is 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 a crack width of 20 mils. He also adds the crack widths for a
series of cracks in the center wall and equates this to the total elongation
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in the reinforcement, Using an estimated gage lenygth over which this
elongation occurred he obtains an estimated stress of 24 ksi, and 1ndicate, a
probable range of 20-30 ksi censidering the uncertainties of the method.

(This was presented by Sczen at the August 24 meeting). It is likely that
these stress values would be reduced with time. A major cause of cracking was
tie hard points provided by the duct banks. When these were cut free, one
would expect the stiesses 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 B, 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 Timit). 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 occurred.

2.5 Stress Totals

The finite element model described in 2.4.1 was used to calculate wall
forces from all loadings except for the seismic loading. A lumped mass model
was used to determine forces resulting from the seismic loading. These forces
were then combined according to the lToad combinations required in ACI 318 and
ACI 3439. Critical elements were then identified in each of the walls and
Bechtel's program OPTCON used to evaluate reinforcement stresses. OPTCON
detemmines the reinforcement stress resulting from out-of-plane bendirg 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 walls - 20 ksi.
The allowable steel streess is 54 ksi.
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Bechtel reports that the accuracy of the survey data describing the UGB
settiements is 1/8" until the surcharge was removed and 1/16" since that time,

Standard survey technigues and equipment were used.
3.0 ASSESSMENT OF THE DIESEL GENERATOR BUILDING

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

sound and (2) whether the building still meets the criteria as stated in the
FSAR.

An important issue is whether the major part of the settlement has
occurred. The settlement data indicate that settlements are well into the
secondary consolidation phase so that large additional settlements would not
be anticipated. This leads to confidence that predictions of the adequacy of
the structure based on settlements which have taken place to date should hold
for the iife of the structure. Certainly, settlements 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. The
structure is very massive and is not subjected to large loadings. Even the
tornado and seismic loadings do not introduce large stresses and usually these

stresses occur at locations that are not critical locations for the settlement
stresses.

It is difficult to show that the stresses in the DGB meet the criteria of
the FSAR. Bechtel's straight 1ine analysis (see 2.4.1) is based on the claim
that the settlement survey data is not sufficiently accurate to calculate
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structural stresses,  The adjuStuent they make to account for this 1naccuracy
gives results that are likely unconservative., If conservative assumptions are
made then the calculatel stresses are too large to satisfy the criteria and
not conmsistent with the crack patterns observed in the structure (see 2.4.2).
It 1s doubtful whether any analysis could now be developed which would pro-
vide more realistic estimates of settlement stresses with the required deyree
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
currentliy 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 thet the number of cracks may in fact be increasing.

4.0 RESPUNSE TU CONCERNS OF R.B. LANDSMAN

The Region IlI inspector has raised four concerns (Ref. 1) regarding the
adequacy of the DGLB, 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 settlement. 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

~1%



cracked anc 1t 15 standard practice (specifically permitted in the ACl code)
to determine forces in concrete structures based on gross section propertics
(1.e., neglect the cracks in the concrete and the reinforcement). If cracred
section properties were used then the stresses calculated by Bechtel (2.4.1)
would hav2 been smaller. Therefore neglecting cracks in this analysis is a
conservative approximetion. On the other hand, the aralysis reported in 2.4,2
was used to show that the measured settlements result in stresses 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 sai¢ to be in error. As in-
dicated in that section of this report, it is 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 settiement. The structure was changing during the significant
settlement period. Construction was still in progress during the largest
settlements. Therefore the structural geometry changed as did the concrete
properties (while maturing). The Bechtel models did not account for these
changes. This would have been conservative for the calculation of stresses,
but would result 1n lower stresses in the analyses performed using the
measured settlements 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.

-14-



The analyses reported in 2.8.¢2 and 2.4.3 were used to show that stresses
computed from structural mudels subjecled to the measured settlements are very
high and would indicale cracking in the structure where no cracks are ob-
served. The objection 1§ raised that a linear model was used and that a non-
linear model accounting for plastic effects would result in a redistribution
of stresses and the same conclusion may not apply. This observation is true,

but by itself would not change the conclusions drawn from these analyses.

As stated gbove, however, there are other factors which when coupled with
this objection may result in a different conclusior. The other important
factors are: the assumed shane of the settlement between the measured points;

and the aiffering geometry of the DGB when the various phases of settlement
occurred.

Concern 3: STRESSES DETERMINED FROM CRACK SIZES

If the finite element analyses are not reliable then one alternative
approach is to find settlement stresses from a study of the crack sizes. The
cobjection raised is that this approach is not consistent with normal engi-
neering practice and that there are no equations available to evaluate
stresses fram crack data when the stress fields are as complex as occur in the
DGB. It 1s true that tnis would not be standard practice, but “non-standard"

analyses may be used provided they are sufficiently documented and shown to
give results that are conservative.

An approach that could predict approximate settlement stresses in the DGB
could probably be used to demonstrate its adequacy. This is true for two
reasons. First, stresses in the structure due to other loadings are rather
low and there is a large reserve for settlement stresses. Second, if large
settlement stresses and local yielding of the reinforcement occurs, the

resulting deformations of the structure will reduce the settlement induced
loadings.
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analyses used to detemine stresses i1s not

sufficient, There 1s no calculation on record which calculates stresses in
all of tne wells using this metnod, There is also no written Justification
showing that the method mey be used for structures like the DGH.

i ‘: ~ \.' "l N LAY ]

This concern deals with the lack of a good crack monitoring system and
spelification of action to be taken if the cracks exceed certain limits. As
stated in Section 3.0, it is our opinion that the planned crack monitoring
systen 75 not .deguate. More reliable gages (e.g., Whitemore Strain Gages )
should be placed in areas where cracking is now evident. These gages can be
used even after crack repairs are made.

Two Timits 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 opinion 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
cther potential loading events, such as tornado or seismic loads, with the re-
meining allowable stress allocated to future potential settelments.

Unce this 1imit was reached the only solution would be to make a Struc-
tural repair. The exact form of this repair would depend on the 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 anaiyses.

5.0 CONCLUSIUNS

Based on the review of the studies performed to demonstrate the adequacy
of the LGB, the following conclusions are drawn:
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The scttiement data indicates that primary consolidation of
the fill 1s completed. However, it is recommended that the
ananglies 1n the documentation of the settlement history be
resolved. (See last paragraph of Section 2.2).

It is unlikely that a satisfactory stress analysis can be
performed based on the measured settlement data. It is
recommended that settlement stresses be estimated from the
Cruck width data. The existing work that has been done in
this area must be ccmpletely documented.

It appears that the number of cracks in the DGB are con-
tinuing to increase. It is essential that a better

crack monitoring program be established as outlined in
Section 3.0.

The upset crack width levels specified in the crack
monitoring program should be chosen so that a sufficient
stress margin is available to resist the critical load
combinations,

If the Alert Limit (in crack width) were exceeded, specific
structural repairs should be mandated.

While significant cracking hasoccurred in the bDGB, it
is our opinion that the structure will continue to

fulfill its functional requirement. This conclusion is
based on the fact that stressesinduced in the structure by
all other extreme loadings are small.
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MEMORANDUM FOR: R. F. Warnick, Director, 0ffges of Special Cases
THRU: - Rigs Barr!sop. Chief, Section 2, Midland
FROM: R. B. Landsman, Reactor Inspector

- SUBJECT: DIESEL GENERATOR BUILDING CONCERNS AT MIDLAND

At the recent hearing before Congressman Udall's subcomnittee, T esxpressed
my concern regarding the structural adequacy of the diesel generator building
because of numerous Structural cracks that have occurred .throughout the
building over the years. 1 also expressed the same concern during the recent
ASLB hearings. Mr. Eisenhut hae requested me to document the basis of oy
concerns about the building so an iodependent review ETOUp can analyze thes,

My first concern deals vith the finite element analysis that Consusers
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 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 alvays gtenms from their pPosition that the
building is too rigid to deform as indicated by actual settlecent readings,
The settlement of the building occurred oOver 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 tige
dependent effects" 4n order to give correct results, Finally, the staff'sg
official position, as stated by Dr, Schaver, on CPCo's analysis vas, "The
staff takes nc position with Tregard to that analysis,"

My seccnd concern deals with the acceptance of the diesel generator
building in the SSER ¢2 vhich vas subject to the Tesults of an analysis

to be performed by the NRC consultantg using the actual settlenent valyes,
The consultants testified at the ASLE hearing that this analysis pave
unacceptable results and this portion of the SSER should be stricken. They
are basing their unacceptable results and comments on their finding of
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very high stresses obtained 4n areas vhere no cracks exist, Therefore,
the actual settlement values are pot accurate evough (are in error) to be
used io an analysis., The consuliants, as vell as CPCo, ran a linear analysis
(structure alvays in the elastic range) iostead of a plastic analysis
which would ellow 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 of ficial position,
as stated by Mr, Rinaldi{, on this analysis as perforzed by the consultantg,
was that the actual settlement values could pot be relied upon to detercine
if the diesel generator building meets regulatory requirezents.

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 rethod available today to analyze

a8 complex structure with cracks in it, The basis of this concern is that
there are no forrulas available that can estimate stresces 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 unacceptadble.

My fourth concern deals with the staff accepting the building by relying
©D 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 epumerated are also shared by mecbers
of Mr. Vollper's engineering staff, as well as their consultant. These
concerns were documented in the ASLB hearing transcripts of Dececber 10,

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

In sumzary, since it is impossible to analyze this severely cracked
structure to the total staff's approval, I recommend soze remedial
structural fixes be undertaken to ensure the structural integrity of
the building to provide an adequate marg.n of safety.

7 */

K22 5 Lo
Ross B, Landsman
Reactor lnspector

cc: DMB/Document Control Desk (RIDS)
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MEMORANDUM FOR: George Lear, Chief
Structural and Geotechnical Engineering Branch
Division of Engineering

THRU: Lyman Heller, Leader
,/ ! Jaeotechnical Engineering Section
U/t’ Structural and Ceotechnical Engineering Branch
Division of Engineering

FROM: Joseph Kane, Senior Geotechnical Engineer
Geotechnical Engineering Section
Structural and Geotechnical Engineering Branch
Division of Engineering

SUBJECT: REVIEW OF REGION III REACTOR INSPECTOR'S CONCERNS REGARDING
THE DIESEL GENERATOR BUILDING AT MIDLAND

In response to your verbal request of July 27, 1983 I am providing my comments
on the July 19, 1983 memorandum prepared by R. B. Landsman on his concerns for
the Diesel Generator Building. Since many of the concerns covered in the
July 19, 1v83 memerandum had previcusly been expressed in the ASLB hearing
sessions of December 6-10, 1983, I have attempted to identify the specific
transcript pages where these issues were discussed. Hopefully this listing
of transcript pages will permit the interested reviewer in recognizing

and evaluating the similaritie: and differences with both my previously
expressed views and those oi GES Consultant, the U.S. Army Corps of Engincers,
and those views now provided by Dr. Landsman.

Joséph D. Kane, Senior Geotechnical Engineer

Geotechnical Engineering Section

Structural and Geotechnical
Engineering Branch

Division of Engineering

Enclosure:
As stated

cc: See page 2
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J. Harrison

Generator Building Concerns at Midland.
First Concern - The problems and limitations inherent in the finite
element analysis completed by CPC because of the effects of cracks and

CPC interpretation of settlement data.

Comment: To the best of my understanding anc recollection the statements
expressed in this first concern are accurate. I am in agreement with
these statements except for the sentence "It is this time dependent
effect that was also not used in their model.* It is not clear to me

what is intended by "time dependent effect". If it means the effect of

cracking that resulted because of settlements, then I would agree with

the statement. If it implies that time dependent settlements were not

considered, then I believe the statement i< in error.

Pertinent Transcript Pages - December 10, 19 ‘ ‘1173 to 11203.




as very unfortunate that
NRC Staff who are affected by the study results in
to permit a full internal NRC review with opportunity for

Im and deliberate discussions on its contents before this document was
introduced by the Applicant into evidence before the ASLB. I personally
ave serious problems and questions with the NSWC report. 1 have not
pursued my concerns with the NSWC report for two reasons. First, I was
under the impression that all review issues related to the DGB had been
fully addressed at the December 6 through 10, 1982 ASLB Hearing session and
secondly, my understanding of the procedure used by NRC Structural
Engineering Section to arrive at its conclusion as to the magnitude of the
stresses induced by settlement (the crack analysis approach) does not

rely on the results or conclusions of the NSWC study.

With respect to Dr. Landsman's stated second concern, I essentially am

in agreement with his statements except I do not understand what is meant

by the words "and this portion of the SSER should be stricken" which appears

in the second sentence.




both OELL and ASLS
An
Landsman, which is different from my
Staff's crack analysis to determine rebar stresses
is unacceptable. I believe a review of the transcript records will
clear’y show that I did not make this conclusion on unacceptability

because I feel it is outside my area of responsibility and expertise.

Pertinent Transcript Pages - December 10, 1982, Pages 11187 to 11201.

Fourth Concern - Problems with relying on the crack monitoring program

to evaluate stresses during the service life of the DGB.

Comment: The hearing transcripts wiil show that neither H. Singh or
myself was questioned on the acceptability of the crack monitoring program
for the Diesel Generator Building. The discussions that did occur in the
hearings were provided by CPC consultants and NRC Structural Engineering
Section. It is my impression that technical specification details still
need to be resolved with the Applicant on the crack monitoring program

for the DGB. Some of the details to be resolved would include the actual
method to be used in measuring the cracks and the requirements for Jointly

coordinating and evaluating both settlement and crack readings. 1 share




of formulated correctiy
exceeded

with the following

~ -~ ner
program which were worked out by NR

on and the Applicant.

The criteria on crack widths permitted under both the alert and
action limits (Pecember 10, 1982 transcript, page 11069) are not
sufficiently restrictive to prevent potential sections of the DGB
from experiencing cracks where tensile stresses in the reinforcing

steel would be well above the allowable stress.

It is not clear what is intended by the wording "summation of the
increase in all the crack widths as it pertains to both the
alert and action limits. Are the crack widths identified in
transcript page 11069 to be the Increases that are permitted?

Increase over what existing width and date?

A crack monitoring program may elect to select certain wall sections

for more careful measurement of cracks but it should not fail to

require reasonable surveillance on other portions of the structure.

My understanding of the agreed upon monitoring program for the DGB is

that it is limited to localized areas on the faces of three selected

walls.




significantly

] interval should be withheld

*
unt

are known and evaluated.
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d Geotechnical Engineering Branch
vision of Engineering
LANDSMAN'S CONCERNS ON INTEGRITY OF DIESEL GENERATOR
BUILDING AT MIDLAND SITE

cnclosed please find the initial response to R. Landsman's concerns on

the integrity of the Diesel Generator Building at the Midland site, as

prepared during a working meeting on July 28, 1983, by myself and our
consultants, John Matra and Gunnar Harstead.

'/7 Zandl //"“t‘l‘( ‘

Frank Rinaldi, Structural Engineer

Structural Engineering Section B

Structural and Geotechnical
Engineering Branch

Division of Engineering

osure: As stated

Denton J. Knight
Eisenhut . Lear
DeYoung . Kane
Christenburg . Landsman
Bechhoefer . Matra
Vollmer . Harstead
Warnick . Rinaldi




REPLY TO R. B. LANDSMAN'S CONCERNS ON THE STRUCTURAL INTEGRITY OF THE
UTESEL GENERATOR BUTIDING FOR MIDLAND NUCLTAR POWER PLANT

INTRODUCTION:

The structura) engineering staff and their consultants have reviewed and
evaluated the structural adequacy of the Diesel Generator Building (DGB)
to determine the functionality of the DGB and compliance of the design
to the structural engineering 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 licensing period, Construction Permit (CP) and
Operating License (OL) stages.

This report concentrates or the period following the determination by
Consumer Power Co. (CPCo) that the fill material under the DGB did not
meet the design specifications and that remedial actions were necessary.
The applicant, under advice of their consultants, surcharged the
structure with approximately 30 feet of sand and implemented a permanent

all other design loads (Dead Loads, Live Loads, Tornado Loads, Earth-
quake Loads, Temperature Loads), and the abnormal differential settle-
ment loads. Considerable cracks developed as a result of these
additional loads. In order to eliminate this condition, the duct banks
were released, therby remov‘ng one of the abnormal loads.

The DGB is a reinforced concrete structure with three crosswalls that
divide the structure into four ceils. Each cell contains a 6 ft.-6
inch-thick concrete pedestal to support a diesel generator unit. The
building is supported on continuous footings that are founded at el. 628

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 NGB consist of continuous reinforced concrete footings, 10
ft. wide and 2 ft. 6 inch thick, with their base at el. 628 ft. The
walls rise from an elevation of 628 fy. (bottom of footing) to el. 690
ft. (top of roof slab).

Sections 3.8.3.4 and 3.8.3.5 of Supplement No. 2 to the Midland NPP
Safety Evaluation Report summarize the NRC structural staff and
consultants evaluation of the DGB. This document was modified during
the (ASLB) hearing of December 10, 1982, by the additional written
testimony of Frank Rinaldi, Franz Schauer, John Matra, and Gunnar
Harstead and all oral correction introduced by the same witnesses. The
adequacy of the DGB is based upon many analyses, reviews, and monitoring
requirements which address norma) loads, settlement 1oads and postulated
environmental loads. Due to the fact that available measured and



predicted settlement data is not sufficiently refined to calculate
structural component's stress by the use of a finite element gnalyses.

acceptance of the DGB:

(a) The NRC Staff believes the actual measured settlement values are
the best characterization of settiement at the Midland Site,

(b) The NRC Staff has not fully relied on these settlement values in
ary analyses to ascertain the acceptability of the DGB to withstand
its design load over the lifetime of the plant. Instead, the Staff
has looked at the current condition of the structure to estimate
stresses due to settlement. To these it added stresses due to
Other design loads which are not presently on the structure but
which have to be considered. The staff relied on Applicant's
finite element analysis only for the latter stresses,

{c) The NRC Staff finds the DGB to be structurally acceptable.
(d) The NRC Staff is requiring a program of surveillance of the

Structure and for its foundation to ensure the continued safety of
the structure,

(e) The NRC Staff takes No postion with respect to the acceptability of
e

Applicant's finite element analysis of the DGB (as applicable to
settlement effects),

(f) The NRC Staff's acceptance of the DGB is subje~t to the autcome of
Seismic Margin Review.

Summary of Landsman's Concerns:

The concerns documented by R. Landsman regarding the DGB by his
memorandum to R, F. Warnick, Director, Office of Special Cases, Region
II1, dated July 19, 1983, transmitted 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
identifies, in general, concerns previously discussed by the staff
during internal meetings and at the ASLB December 1982 hearings related
to the DGB. The undersigned fail to understand why R, Landsman has not

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 some cases, references to various statements are not
fully correct. We will first summarize our understanding of his
concerns and then address them in the following order:

FIRST CONCERN:  Claim of inadequacy of the Finite Element (FE) Analysis
performed by the applicant for the DGB as applies to
the following:



(a) Effect of cracks on stiffness of DGO

(b) Validity of straight line settiement data

(c) Time dependency effects of settlements

(d) Corley statement on cracks and time dependency
effects of settlement

(e) Staff's official position on FE analyses as stated
by F. Schauver.

SECOND CONCERN:

(a) Claim that the analyses performed by NRC staff
consultant (NSWC) is not properly documented
in the SSER #2 based on their testimony at ASLB
hearing,

(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 CONCERN: Claim that the crack evaluation used to determine the

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

FOURTH CONCERN: Claim that the crack monitoring program accepted by the

SUMMARY :

staff to evaluate the rebar stresses during the service
life of the building is not adequate.

Recommendation for new remedial structural fixes
required to ensur. structural integrity and provide
adequate margins of safety,

Reply to Landsman's Concern:

FIRST CUNCERN

Part (a)

In the design of reinforced concrete structures, the
composite of concrete and rebars is modelled as homogeneous
material with the concrete expected to crack under tensile
loads. It is acceptable to assume concrete sections as
uncracked for celculational purposes. The assumption of
uncracked concrete neglects both the expected cracks and
the stiffness of reinforcing bars which are compensating



Part (b)

effects in the calculation of stiffness. Also, a reduced
stiffness would reduce moments and forces due to settlement,
therefore, reducing some conservatism from the structural
analyses,

In conclusion, we find the design practice of neglecting
the cracks in an analysis of the reinforced concrete
structure is acceptable. Note that extensive crack
evaluation efforts have been carried out by the applicant
and their consultants and by the staff and our consultants,
to determine the effects of cracks on the structure.

The direct use of settlement data can give results which

can be used to develop indications of the state of stress in
the structure. The applicant used what they considered the
best practical approach to determine the effects of the
measured displacements on the structure, based on the
available number of measured points and on the accuracy of
the measurements,

The DGB is a stiff structure. The Characterization of the
boundary conditions used in the analyses should be

consistent with that of a stiff structure; namely, linear.
Also, settiement data has an inaccuracy inherent in the
readings. The applicant's engineers claimed to have an
accuracy no better than 1/8". Bending moments are
proportional to the second derivative of displacement with
respect to length and shear is proportional to the third
derivative of displacement with respect to length, A
mathematical error analysis shows that the accuracy
diminishes with subsequent differentiation. Therefore, the
accuracy of the moments and shears will be unreliable if the
raw settiement data is used. Structural engineering judgment
must be exercised in the formulation of the models and in the
evaluation of the results,

The applicant performed mary of the analyses to represent
various stages of construction, including a completed model,
2 40-year life-model and a mode) using no soil support in an
area where we could not rely on the competence of the soil,

Attempts to directly use the raw settiement data resulted in
anomalies such as tension in the soil and moments and forces
in the structure that cannot be Justified by prudent
engineering judgment, analyses, and observations of the
structure,



Part (c)

Part (d)

Part (e)

In conclusion we state that the use of the straight line or
other representation using the available settlement data
cannot produce credible results.Therefore, the staff did
develop a conservative estimate of the state of stress of
the structure based on the crack-evaluation and added these
results to the stress levels for the environmental loads as
per code requirements. However, we like to point out that
several loads (DL, LL, T) were added twice. Also, the
controlling load combination is the one with the tornado
load. The applicant did not account for venting of the
structure in their analysis, but the drawings and site
visits indicated that considerable venting is provided. We
like to point out that these two factors add a great deal of
conservatism to the results, In addition, the effects of
future set lement was considered in the applicant analysis,
but the staff will rely on the monitoring program.

The fact that settlement took place over a period of time
was accounted for in the applicant's and in NSWC's analyses.
Settlements that took place prior to the completion of
construction has less effect on the final stresses in the
structure, for the following reasons:

a. The partially constructed structure is less stiff and,
therefore, moments and forces were minimized

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

We recommend contacting W, G. Corley and request his direct
comments to R. Landsman's in First Concern Part (d).

F. Schauer did make the statement identified by R. Landsman
during the ASLB hearing of December 1J, 1982 (p. 11149),
However, we suggest that R. Landsman read the
cross-examination by the ASLB on page 11150 of the December
10, 1983 hearing to fully understand the staff position as
stated by F. Schauer.

The answers provided on that page of the transcripts states
that one cannot fully rely on all of the analyses, and that
engineering judgment needs to be exercized.

Second Concern

Part (a)

The summary report of the NSWC analyses was entered into
evidence at the ASLB, December 10, 1982, hearing. It was
discussed in detail by J. Matra and commented on by F.
Rinaldi, G. Harstead, and F. Schauer. In summary, that



report stated the following points:

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

2. Analyses of the partial structure, including duct
impingement, resulted in very high stresses in the
walls at the duct banks. With these stresses over
twenty times yield, a great possibility of cracks in
these areas existed, A comparison between the crack
mapping survey at this time of construction (3/78 to
1/79) and the analyses are in good agreement 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 DGB walls still have high
stresses and in probability should also be cracked.
But no cracks were observed in these areas.

3. In all cases where the duct banks have been released,
the measured or predicted setclement values imposed on
the aralytical 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,

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

(a) redistribution of loads once yield is reached,
(b) the relaxation effects,
(c) the accuracy of the measured data, and

(d) the location of the measured settlement value
relative to the footings where the actual
displaccd values were input are discussed, but not
actually input into the amalysis,

can and does lead to large errors. Thus, this structure
will never undergo the differential settlements as pre-
dicted nor the patterns of settlement indicated in the
measured and or predicted settlements, '

Also, as indicated 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.

The analyses indicated that the direct use of the 1imited
number of actual measured settlement data in the engineering
analyses cannot be used without proper structural
engineering judgment, The analyses were used in selecting a
crack monitoring point for the ervice life of the DGB (a
location of high stress as per these analyses, but having no
major cracks was selected).

Part (b) The elastic analyses performed by the applicant give correct
and conservative indications of stress for non-settlement
loads. This is concluded after having reviewed the
structural model, the analyses and the results. If an
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 increase moments or stresses. However,
there is no indication of yielding rebars or spalling of
concrete which would indicate that a portion of the
structure has become plastic. In fact, the formation of
plastic sections in a structure mitigates the secondary
stress effects of conditions such as differential
settlement. To state that "supposed areas of high stress,
where cracks are not located, may not exist due to redis-
tribution of loads," is inconsistent with the mechanism of
redistribution of stresses.

Part (c) The claim that F. Rinaldi stated, "that the actual settle-
ment values could not be relied upon to determine if the DGB
meets the regulatory requirements" is not complete. The
additional testimony clearly states that the applicant's
analyses using linear settlement data were not fully relied
upon in our evaluation. This is stated on pages 11084 -
11087 of the ASLB hearing transcripts, dated December 10,
1982. The staff performed an additional crack evaluation as
stated in our written testimony presented on the pages
following page 11086 of the above mentioned ASLB hearings.
A1l stress levels were below code allowable. Thecefore, we
found the concrete cracking levels in the DGB, as reported
by the applicant, acceptable. The proposed crack monitoring
will provide controls over potential future crack-patterns,

Third Concern

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
concrete structure. These values were used as conservative
values for stress due to differential settlement, shrinkage
and other secondary effects. These stresses were




conservatively added to total stresses developed by the
applicant.

The structural analyses of the DGB were performed by the
applicant considering all load combinations as documented
in their report, "Structural Stresses Induced by
Differential Settlement of the DGB."

The results are documented in the additional written
testimony. See transcripts for the ASLB hearing of
December 10, 1982.

The DGB is not a complex structure, instead, it is a simple
box-1ike structure. Also, all reinforced concrete
structures have cracks and we disagree with the statement
that "there is no practical method available today to
analyze a complex structure with cracks in it." Note that
the applicani's structural consultants and our structural
staff and their consultants have performed several
evaluations of the DGB without finding any unresolved
concerns.,

Fourth Concern

The DGB was not accepted by the staff soley by relying on a
crack monitoring program. On the contrary, the acceptance
was based upon reviews of the analyses and designs prepared
by the applicant 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 stresses, provided the secondary stresses do
not cause rupture or gross distortions of the structural
material. From a variety of evaluations, the ind.cations
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
distortions of the structure. Therefore, the cracks that
have occurred merely indicate that the reinforcing bars will
carry imposed tensile forces while imposed compressive
forces will cause the cracks to close. While there are no
expectations of rupture or gross distortions in the future,
a crack monitoring program has been established to provide
engineers with information to assess the condition of the
structure, as a prudent measure.

The criteria for the monitoring program is identified as
ASLB exhibit #29. It contains specific requirements for
Alert and Action levels for the monitoring of single and
collective crack widths,



Reply to Summary:

It is surprising that, with all of the data and information
available on the subject of ."B there still exists such a
misunderstanding. Beyond this response we would
respectfully direct R. Landsman to evaluate all of the
information currently available in the field of structural
analysis and specifically to that available in the docket
of the Midland project.

It is our conclusion that all analyses, designs, crack
mapping and evaluations and the monitoring program are
adequate to establish the structural integrity of the DGB.
Only unexpected results during the monitoring program would
necessitate a reassessment of the DGB.

nnar Harstead, Consultant
tructural § Geotechnical
Engineering Branch

an
tructural.& Geotechnical
Engineering Branch

naldi,
dland Project,
Structural § Geotechnical
Engineering Branch




