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REASON FOR INVESTIGATION

On September 7, 1", the licensee nctified Region III, by telephone,
that the settienent of the Diesel Generator Building and foundations
experienced constituted a matter reportable under the requirements

of 10 CFR 50.55(e). Written interim reports were subsequently submitted
by the licensee by letters dated September 29 and éﬁvembet 7, 1978.

An investigation w2s initisted to oitsin (xform=stion ceacerning the
circumstances of this occurrence. 7 M/li/ Nk penid, ”//7\' s
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This investigation was performed to obtain information relating to
design and construction activities affecting the Diesel Generator
Building foundations and the activities involved in the identifica-

tion and reporting of unusual settlement of the building. The
investigation consisted of an examination of pertinent records and
procedures and interviews with personnel at the Midland site, the

Consumers Power Company offices in Jackson, Michigan, and the Beciitel

Power Corporation offices in Ann Arbor, Michigan.

SUMMARY OF FACTS
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By letter dated Septembér 29, 1978, the licensce cubmitted a report

as required by 10 CFR 50,55(e) concerning an unusal degree of settle-
ment of the Diesel Cenerator Building (DGB). This report confirmed
information provided 2;ting earlier telephone conversations on or

about August 22, 1978, with the NRC Resident Inspector and on September 7,
1978, with the Region I1I office. This report was an {ierim report and
was followed by periodic interim reports providing additional information
concerning actions being taken Lo resolve the ;:obl?s. Further testing

and monitoring programs and an evaluation of the resulting data have

\ 4 . wad®
been undertaken]to determine the cause of the settlement and the adequacy
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Information obtained during this investigation indicates: (1) there
was inadequate controi and supervision of plant fill matecial placazcat;
(2) corrective action regarding nonconformances related to plant fill
was either not taken or was indequate; (3) certain design bases and
construction specifications were not followed; (4) weaknesses exist

in the interface between various components within the construction
contractor's organization; and, (5) the FSAR contains inconmsistent,

incorrect and nsupported statements.
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Intrcduction

On August 22, 1978, the licensee informed the NRC Resideat Inspector
at the Midland site that unusual settlement of the Diesel Ceunerator
Building (DGB) had been detected through the established Foundation
Data Survey Program. While the licensee regarded the matter as
serious it was not considered to be reportable under the provisions

of 10 CFR 50.55(e) until further data was obtained.

Following the acquisition of additional data from further survevs and
a core boring program which was initia-ed on August 25, 1978, the
licensee concluded the matter was repor;able and so telephonically
notified Region 11I on Saeptemder 7, 1978. The notification tas
followed up by a series of interim reports the first of which was
submitted to Region III by letter dated September 29, 1978. Subse-

quent interim reports were transmitted by letters dated November 7) IHI1&

and January 5, 1979.

An inspection was conducted by Region III during the period October 24-27,
1978, to review the data then available; to observe the current condition
of the structure; and, to review current activities. Information regarding
the inspection are contained in NRC Inspection Report No. 50-329/78-12;

50-330/78-12.

On December 3-4, 1978, a meeting with NRR and Region III representatives
was held at the Midland site to review the status of the problem, to
discuss open items identified in the aforementioned inspection report

(ji, on the Pctober inspgction and possible corrective actions.
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Surveys to establish a baseline elevation for the DGB were completed h3 BechTel

on May 9, 1978. As a result of these surveys, the Chief of Survey
Parties noted what he considered to be unusual settlezent. HNe indicated
that from his experience he would have expected about 1/8" settle-

meﬁf. The July 22 data showed a differential settlement between
various locations ranging from 1/4" to a maximum of 1 5/8". He

promptly instructed his survey persounel (0 resurvey to deteiwine
whether the data was accurate. The resurvey confirmed the accuracy

of the survey data., The Chief of Survey Parties reported the survey

RechTel-
results to theplead civil field engineer.

The l2ad civil field engineer caid that In July 1978 the settlement

of a pedescal in the LGB was aoted [ivm surveys and about & weck latler

a 1" discrepancy was noted when scribes on the DGB were being moved

up. He said that at that time he was uncertain as to whether actual
settiement had occurred, the survey was in error or the apparent
discrepancy was a construction error. He instructed the Chief of Survey
Parties to check his sﬁrvey results and to perform surveys more
frequently than the 60-day intervals required by the survey program

as a means of determining whether actual settlement had occurred and

whether settlement continued.

The Field Project Engineer was also informed of the apparent settlement

and concurred with the lead civil ficld engineer's actions. He said
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he had toured the building at that tinme and he saw no visible indications

of stress which could be expected when unusual settlemzent cccurs.

“he lead civil field engineer said the DGB was monitored for about a
wonth. He cospared the amcuat of settlement being experienced with the
settlement values reflected in Figure 2.5-48 of the FSaR and did not
consider it reportable until those values were exceeded. When the
settlement did exceed those values as indicated by survey data obtained
on about August 18, 1578, he prepared a nonconformance rcport with

the assistance of QC personnel.

Th2 July 22 survey data was transmitted by the site to the Bechtel
Project Engineering office in Ann Arbor by a routine transmittal memo
dated July 26, 1978, The data was received at Ann Arbor, processed
through document control on August 9, 1978, sad was routinely routed

to the Civil Engineering Group Supervisor. He stated he did not review
th. data but placed a route slip on it indicating those members of his

group who should review it.
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The engineer in the Civil Group, who had established the rurvey program
and who was responsible for assuring it was being carriesd cut, stated
he reviewed the data and did not regard it as unusual., TFor that reason
he did not bring the matter to anyone's attention but merely routed

it to other personnel in the civil group. The engineer responsible for
the DGB said he did not see the data before the settlement problem was

identified by the field in a nonconformance report.

With the issuance of the noncomformance report, No. 1482, on August 18,
1978, CPCo was also informed of this condition. On or about August 21,
1978, the NRC Resident Inspector was crally informed of the =zatter by
CPCo. It was indicated at that time that although CPCo regarded the
matter as serious, they did not consider it to be reportable under

10 CFR 50.55(e).

Construction on the DGB was placed on hold on August 23, 1978 and a
test boring program w.s initiated on August 25, 1978. After prelim-
inary evaluation of soil boring data, a Management Corrective Action
Report (MCAR), No. 24, was issued by Bechtel on September 7, 1978.

The MCAR stated that based on a preliminary evaluation of the data,
the matter was reportable under 10 CFR 50.55(e), 1, 1ii and Region IIIL
was so notified by telephone on that date.

The telephone notification was subsequently followed up by a letter
dated September 29, 1978, from CPCo enclosing a copy of MCAR 24 and

Interim Report 1 prepared by Bechtel.

On the basis of the above, it is concluded that in this instance the

: licezee czplied iith the reporting requirements of 10 CFR 50.55(e).
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Review of PSAR/fSAR Cowmitments on Compacted Fill Msterial

In a previous NRC Inspection Report, No. 329/78-12 and No. 330/78-12,
an appareat conflict was identified between FSAR Table 2.5-14 (Summary
of Foundations Supporting Seismic Category I and Il Structures), Table
2.5-9 (Minimum Compaction Criteria) and the site construction drawing
C-45 (Class 1 Fill Material Areas) regarding the type of foundatioﬁ
mateiial to be used for plant area fill. Table 2.5}16 identiries

the supporting soil materials for the Auxiliary Building D, E, F, and
G, Radwas; Building, Diesel Generator Building and Borated Water
Storage Tanks to be "controlled compacted cohesive fill." Table 2.5-9
also indicates the soil type for "support of structures” to be ilay.
Contrary to these FSAR commitments, drawing C-45 indicates Zone 2
(random fill) waterial, defined as "any material free of humus, organic
or other deleterious material," is to be used with "no restrictions on
gradation." It was further determined that Zone 2 material was in

fact used.

During this investigation a review of documentation showed that the
commitment to use cohesive soils was also made in response to PSAR
question 5.1.11 and submitted in PSAR Amendment 6, dated December 12,
1969, which states, "Soils above Elevation 605 will be cohesive soils

in an engineered backfill." This response also indicated that certain
class 1 components would be founded on this material, such as, emergency
diesel generators, borated water storage tanks and associated piping

and electrical conduit.
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€CPCo quality assurance issued @& nonconformance report QF-56, dated
October 10, 1975, which stated that contrary to the sbcva-quoted PSAR
statement that cohesive soils would be used, Specification C-21] required
cohesionless (sand) material to be used within 3 fecet of the walls of the
plant area structures. The corrective action taken was for Bechtel to
issue SAR Ch;nge Notice No. 0097 which stated, "The FSAR will clarify the
use of cohesive and cohesionless soils for support of Class 1 structures.”

As noted above, the FSAR tables 2.5-14 and 2.5-9 once again stated that

cohesive (clay) material was used for support o: structures while

~ the construction drawing continued to permit the use ef rsados £i11

material.

2
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This investigation included efforts co ascertain whether procedures

vere established and implemented for the preparation, ccntrol snd review
of the technical criteria set forth in the safecty analysis report (SAR).
This included the role of both Bechtel and q;éo in the review of the

SAR. BPechtel had established control ;: the SAR in procedure MED

4.22 (Preparation and Control of Safety Analysis Report Pevision 1,

dated ipne 20, 1974). The SAR preparation and review flow chart requires
the Engineering Group Supervisor (EGS) to review th;.originatot's draft
for technical accuracy aad cozpliznce with the standard format csuide.
Records indicated that Section 2.5.4 was orginated by the Dechtel Geotech
group on January 3, 1977. It was reviewed and approved for technical
accuracy by an engineer in the civil project group on April 29, 1977.

No technical inaccuracies were noted in the documentacion. The Civil

FGS advised that he did not personally review Section 2.5.4.

The designated engineer stated that in his review of the section he
was primarily concerned with the Auxiliary Building not the Diesel
Generator Building. He said the review of FSAR material was performed
by members of a group set up for this purpose. Not all of the content
was checked since they relied to some extent on the originator. The
author of Section 2.5.4 said he was not aware that changes regarding
£ill material had occurred since the preparation of the PSAR. It was
ascertained that Field Engineering did not review the FSAR prior to

its submittal.
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A partial review of the FSAR revealed that although Fig re 2.3-48

Y22

indicates anticipated scttlemant of the Diesel Generator Zoilding
during the life of the plant to be on the order of 3 fuches, Section
3.8.5.5 (Structural Acceptance Criteria) contains the following state-
sent: "Settlements on shallow spread footings founded on compacted

fills are estimated to be on the order of 1/2" or less."

Section 3.8 was prepared by Project Engineering. GCeotech, who prepared
Section 2.5, said they were unaware of the presence of the staterment
regarding 1/2" settlement in Section 3.8. The originator of Section 3.8
said that the above statement was taken from the Dames and Moore report
suvbmitted as part of the PSAR. “ince the PSAR did not show any change
in this regard, he assumed the statement was valid for inclusion in the

FSAR. He said there was no other basis to support this statement.
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CPCc also has an =stablished procedure for the revicw and f{inal approval

of the SAR by procedure MPPM-13 dated June 23, 1976. Section 5.6 states
that ""CPCo shall approve all final draft sections of the FSAR prior to
final printing." Discussion with the responsible licensee representa-
tives for review of Section 2.5.4 indicated that a limited amount of
cross-reference verification of technical content of the FSAR is

performed by CPCo.

The CPCo Project Engineer in Jackson stated that the review of drawings
and specifications was an owner's preference kind of thing. No attempt
was made to review all drawings and spzcifications since they did not
have the manpower or expertise for that type of review. The staff
engineers of the various diciplines were asked to indicate the drawings

and specifications they wanted to review.

Regarding the review of the FSAR, he said that he had prepared a
memorandum to the staff engineers stating the procedure that would be
followed in performing the review. An examination of this memo, dated
July 28, 1976, showed that prime reviewers would perform a technical
review, resolve comments made by other reviewers and perform the CPCo
licensing review to assure compliance with required FSAR forwat and

content.

As portions of the FSAR were received from Bechtel, comments were sent

to Bechtel. Some were disregarded; others were not. Following this review,
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meotings Setween Bechtel and CPCo were held to roe olvd any uwarescolved
itters before each section was released for printing. A review of the
files at CPCo relating to Section 2.5 and 3.8 showed that nc comments were
+ Je concerning the above inconsistent and incorrect content. The apparent
{inconsistent and incorrect statements were not identified during the review
of the FSAR prior to submittal and the review procedures did not provide

any mechanism to identify apparent conflicts between sections of the FSAR.

Based on the above, this failure to assure that vegulatory coanlizonts
and design basis as specified in the license application are translated
into specifications, drawings or instructions is considered an item of
nencompliance with 10 CFR 50, Appendix B8, Criterion III. (329/78-20-

330/78-20- ).
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Eiisct of Ground “ater in Plant Area Fill

—_— e

Final plant grade will be established at elevation 634. The normal
ground water was assumed to be at ground surface prior to comstruction,
approximately elevation 603. The surface of the water ‘n the cooling

water pond will *e at a maximum of approximately elevacion 627.

The Dames and Moore report onm Foundation Investigation submitted with
PSAR Amendment No. 1, dated February 3, 1969, stated that, "The

effect of raising the water level to elevation 625 in the reservoirs
will cause the normal ground water level in the general plant area to
aventually rise to approximately elevation 625. However, a drainage
system will be provided to maintain the ground water level in the plant

fill at elevation 603."

A supplement to Dames and Moore report was submitted in PSAR Amendment
No. 3, dated August 13, 1969, which changed the above pilanning of a
drainage system to control the ground uut;r. The supplement states,
"The underdrainage system considered in the initfal report has been
eliminated; consequently it is assumed that the ground water level in

the plant area will rise concurrently to approximately elevation 625."

A Bechtel soils consultant indicated in a December 4, 1978, site meeting
that the main unknown is what might happen to the rate of settlement

as the water table rises and saturates the fill. Therefore, the total
effect of the ground water being permitted to inundate the plant fill

.material is undetermined at this time. An evaluation of this condition

1s under reyiew by the licensee. This ‘Y2 Cc14~0b4LAl anALAeivinL-
Cladl oiad &
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the PSAR and







The wctual {mplemented compaction requirements were as follows:

a. Cohesive soil (clay): 952 of maxiwum density as detcruined
by the "Bechtel Modified Test," a compactive energy of
%.000 FT-L8S. This was used instead of 56,000 %}-;35’
of compactive energy as committed to in the PSAR and required

by the construction specification C-210, Section 13.7.1.

| W Cohesionless soil (sand): &60% relative density as determined
by ASTM D-2049 instead of 85X as committed to in the PSAR.
However, this is consistent with construction specificatinn

C-210, Section 13.7.2. ‘

The compaction requirements implezantad during comstruction of the plant
area fill between elevations 603 and 634 were, therefore, less than

the commitments made in the PSAR for cochesive and cohesionless fill
material. In additon, the cohesive (clay) material was also compactes
to less thaa that required by the Bechtel specification. (Specification

C-210, Section 13.7).

A review of Specification C-210 (specification controlling earthwork
contract) beginning with Revision 2, dated July 27, 1973, which was
issued for subcontract showed that it contained conflicting sections

relating to the plant area backfill compaction requirements.
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Section 13.7, Coupaction Requirements, from Revision 2 to the latest
revision, consistently provided that the backfill in the plant area
shall be coupacted to 95% of maximum density as determined by ASTM 1557,

Method D.

Section 13.4, Testing Plant Area Backfill, contained the statement that
tests would be performed as set forth in Section 12.4.5, Laboratory
Maximum Density and Optimum Moisture Content, which specified a lesser
standard, 20,000 foot-pounds per cublc foot, which is commonly referred
to as the Bachtel Madified Proctor Density Test (RMP), Cection 12 of

the specification relates to Dike ard Railroad Environment Construction.

It was also noted that this luconsistency was reflecied in Lhe applicable
QA Inspection Criteria, SC~1.10, Item 2.3(d) Compaction which states,
"Backfill material for the specified zones has been compacted to the
required density as determined by Bechtel Modified Proctor athoi" and

vet references C-210, Section 13.7 as the inspection criteria.

_M/
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Furtheroore, in Specification C-208 which defined the testing contract
requirenments of subgrade materials, Section ;.l (Testing) required
compaction tests to be in accordance with ASTM D-1557 and only when
directed was the BMP compaction criteria to be used. It was determined
that U. 8. Testing was only orally advised that the BMP was the standard

to be applied to the tests they performed of plant area fill.

Through iatervices and an cxamination of L\Cer%.. docuwents it w~as
l.c.(ﬂj\ncd that b{dﬂpso of this inconsistency, the question of the
applicable compaction standard for cohesive materials in the plant area

was a recurring one.

The following is a summary of the documentation regarding the confusion
of the cowpaction requirements for plant area f£ill:
(8- %0 ~Tincts Ao reLd fua . -’3:;0\;3)
1. Lecter 7220-C-210-77 dated June 10, 1974 ) states "there has been
some confusion as to the interpretaion of the following item:

13.7 Compaction Requirement: all backfill in the plant area and

berm shall be compacted to not less than 95X of maximum density
as determined by modified Proctor method (AST™ 1557, Method D),

with the exception that Zones 4, 4A, 5, SA, and 6 Materials

need no special compactive effort other than as described in

Section 12.8.1 (emphasis included in specification). Quality

Control questioned whether the exception stated above applies only

to Zones 4, 4A, 5, 5A, and 6 or did construction have to abide

by Section 12.8.]1 for Zones | and 2. Section 12.8.1 cXcarIy.

—~/F -
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requires Zone 2 material to be placed with a 50 tom tubther tired
roller with a minimum of four roller passes per lift. QC's
interpretation was that the field needed “ro obtain 95% of
maximum density by the modified Proctor method (ASTHM 1557, Method
D), with no restrictions as to the method used to obtain these

results."”

(umntav e ties

(‘lﬂd {"J'“"“'“O = &Ams
Letter 7220-C-210-23, dated June 24, 1976)\tcspondcd to Item 1

above. It states, "We have reviewed your Tune 10, 1974, TOM
concerning compactive effort required on Zones 1 and 2 in the
plant and berm backfill areas. We agree with r r interpretation;
i.e. a 95% of maximum density iz the acceptance criteria, and
the number of roller passes listed in Paragraph 12.8.1 does not
apply to plant and berm backfill. We feel the specification is
now clear and no FCR is required.”
(fietd Conshrohier 4o pregrct Ivg '"u““d\
Letter BCBE-370, dated July 25, 197‘.*}1ltl outstanding items
requiring Project Engineering's action. This includes the question,

"Is the 95% compaction required in the plant area to be 95% of

: Ezchtll Modified or 95% of ASTM-1557, Method D."

-0~
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4. Letter BEBC-456, dated August 1, 1974;\sta:es that Geotsch is

addressing the gquestifon poced in BCBE-370 (Item 3 above).

5. Memorandum from Geotech to Bechtel Field, dated September 18,
1974, responds to the question raised in BCBE-370 (Item 3
above). It states, "It is our opinion that all the compaction
requirements that are needed for Zone II waterial in the plant
£111 1s as stated in 13.7 with the cxception that Zones &4, 4A,
5, SA, and 6 materials need no special compactive effort other
than described in Section 12.8.1." Geotech reiterates the
specification requirement of 95% of ASTM 1557, cthod D. This

was confirmed with the Geotech personnel,

6. Telecon dated September 9, 1574, from R. Grote (Field Eaginccring)
to Rixford (Project Engineering) states, "I made an analogy (an
exaggeration admittedly but applicable) that if the compaction
could be acheived with a herd of wules walking over the fill i:
would be acceptable as long as it got the required 95% compaction.

# Rixford agreed."

7. Telecon Consumers to Bechtel Engineering dated September 19, 1974,
expressed Consumers Power Company concern about what they felt was
a lack of control of compaction inm the plant area fill. CPCo
addressed the added responsibility this lack of control places
‘ on the inspector. Bechtel told CPCo that it "was the {anspector's

job to make sure we got proper placement, compaction, etc."

"'Z:;7// -
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Telecon dated Septeuber 18, 1974, by Bechtel Field Engineering to

Bechtel Project Cagineering discussed compaction requirements for
specification C-219. It stated, "Compaction acceptance is based

on weeting an 'end product' requirement, i.e. 95% of waximum density
only. No method of achieving this 'end product' is specified or

is required. Rixford fully agrees with the above." |
Telecon dated October 7, 1977, from Bechtel Field Engineering to
Bechtel Project Engineering states, "QA has.asked for clarification
of subject specification (C-210), Section 13 for plant area and bern
backfill. Section 13.4 for testing of materials refers to Section
12.4 and therefore, requires the Bechtel Modified Proctor Density
Test for Compaction of cohesive backfill. Section 13.7 for cowpac-
tion of the same materials refers to testing in accordance with ASTM
D-1557, Mathod D Proctor, without epecific refarence to Bechrel
Modification."” Bechtel Engineering responded to this question as
follows: "This apparent conflict is clarified by Specification
C-208, Section 9.1.a, direction to the testing subcontractor,

which calls for ASTM D 1557 test for these materials and also

allows Bechtel Field (the contractor) to call for the Bechtel
Modification of that test. Either method is therefore acceptable

to project engineering."

°'<f;? 5;7 —
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10. T2lercon dated October 7, 1977, from 3Sechtel QA to Dechtel Proiject
Engineering questions, "Is the intent of Paragraph 13.7 of Speci-
fication C-210 that the test be run to the "Zzchtel' zodified
pioctor test as is indicated in the FSAR Paragraph 2.5.4.5.3 and

in response to NCR 88." Engineering's recponce was "yes."

fgrion: interviews were held with Bechtel construction field engineers,
U. S. Testing personnel and Bechtel Ann Arbor Geotech and Project
Engineering.?ersonnel to ascertain their understanding of the scpacticn
requirements. Four predominant versions of the understood cowpaction
requirements were stated by varioun.individunls within the Bechtel

_organization. They are as follows:

a. Specification C-210 required the contractor to perform

cozgaction to the ASTM 1557, Method D, howevar, tha %2

-l
-y

requirements would be perforwmed to the less stringent "Bechtel

Modified Test Method." .

b. The required compaction and testing was alwvays understood

to be based on the "Bechtel Modified Test Method."

¢. The required compaction and testing was always understood to be

based on the standard ASTM 1557, Method D requirements.

p d. A tacit understanding had been established to use the Bechtel
Modified Method, but& to exceed this requirezant by

enough to also satisfy the requirement of ASTM 1557, Mcihod D.

s~ ot > s
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It {3 apparent from the atove {our distiactly differ:nt understandings

of the compaction requirements, that the apparent conflict was not
resolved. A member of the Bachtel QA staff in Ann Arbor who had
previously been a QA Engincer at the Midland site said that QA audits

of QC inspection criteria did not 1dent1£yA,bovc as a conflict.

This failure to accomplish activities affecting the quality of the plant
area fill in accordance with procedures is consiécred an itea of
noncompliance with 10 CFR 50, Appendix B, Criterion V as {dentified

in Appendix A. (329/78-2)- ; 330/78-¥- ).
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Review of Moisture Control Reguirements for Plant irca 7ill

Specification C~210, Section 13.6 (Moisture Control) requires =oisture
control of the plant area fill waterial to conform to Section 12.6.
The moisture control requirement in Section 12.6.1 states, in part,
"Zone 1, 1A and 2 material which require moisture control, shall

be moisture conditioned in the borrow areas," and that "water

content during compaction shall not be more than two percentage points
belew optimum moisture content and shall not be ;ore than two percen=

tage points above optimum molsture coantent.”

.
_Contrary to the above, Bechtel (A ldgntifled in SD-40 dated July 22,
1977, that "the field does not take molsture control tests prior to
and during placement of the backfill, but rather rely on the moisture

results taken from the {n-place soil density tests,"

The following is a summary of the documentation that followed the

identification of the above deficiency.

1. Letter BCBE-1533R (dated August 15, 1977) field to project engineering
states, "it was found that densities meeting specification require-
ments could be attained, irrespective of the use of moisture
tests,”" and that "moisture tests were not used to control backfill
moisture."” The field requested "that project engineering agree to
acceptance of backfill materials installed in the past, along with

the records thereof, irrespective of the use of the moisture tests."

-5~
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2. letter BEBC-1859 (dated September 30, 1977) responsed to the fislds
request in BCBE-1533R. Engineering states, "It should be noted
that it is ideal to control the moisture of backfill material at
the borrow areas by conditioning" and that "the pt;cedure used to
take moisture content tests after compaction would not have direct
impact on the quality of work." Engineering then agreed with the
field request that "backfill placed prior to modification of testing

methods to be accepted as is." -

3. Telecon October 10, 1977, (Rechtel QA Site to Bechtel Engineering,
Ann Ardbor) indicated that, "there are no moisture requirements at
the time of density testing, only density requirement., The moisture

requirement is prior to cowpaction.”

4, Telecon October 13, 1977, (Bechtel FEngineering to Bechtel QA Site)
changed what was indicated in the telecon on October 10, 1977,
(Item 3 above). Engineering then stated, "The moisture require-
ment (+ 2% of optimum) is mandatory and must be implemented at
the time of placement and testing." This is contrary to what was

stated on October 10, 1977.

: ot 2
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Letter BCRE-1669R (dated November 18, 1977) once ac¢ain is a

fleld request to bechtel engineering requeafing, "written clari-
fication of the 2% tolerance on backfill moisture content during
compaction."”

Letter BEBC-1998 (dated December 15, 1977) provides engineering's
response to BCBE-1669R requesting clarification of the moisture
requirement. Engineering stated, "The -oilyurc content of the soil
should be within 2% of optimum during placewent and cowpaction.
However, this property of the soil is not necessarily a measure of
its adequacy after compaction." This letter is contiary to the

direction given via telecon on Oetober 13, 1977 (Item 4 above).

Letter 0-1631 (dated December 21, 1977) closas QA Action Request
SD-40 (2ated July 22, 1977) which first L3catifled the wolsture

control deficiency.

Telecon (dated April 7, 1978) from Field Engineering and Quality
Control to Project Engineering once again requests them "to clarify
BEBC-1998" (December 15, 1977), Item 6 above. Two situations were
presented to engineering as follows: (a) The moisture sample

taken from the borrow area at the start of the shift is acceptable,
however, the moisture test taken in conjunction with the density
test fails while compaction was actained; and (b) The moisture
sample taken from the borrow area at the start of the shift fails

and the material i{s conditioned to meet moisture content required,

-0?7_.—
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however, the moisture test later fails at the time the [-ssing

compaction test is taken. Engineering responded, "the above two
situations are acceptable as 1s." This respoase is contrary to
the direction previously given in telecon dated October 13, 1977

(see Item 4 above).

_Letter GLR-249 (April 16, 1978) is a Bechtel Site QA request

to Project Fngineering to resolve the noiltgro content situation
and "to provide clear direction for the cunciol of wisiure
content." QA recommends "one possible solution would be tn
delete the requirement to control the moisture content and rely

on the compaction requirement orly for completion of soils work."

Lotter BEBC-2286 (June 1, 1978) was Prolect Engineering's reeponse
to GLR=249 (Icem 9 above). It scates, "woistuie couteat is aot
necessarily a measure of a soil's adequacy to act as a fouudation
or backfill material,” and that "soil with the specified density
following compaction would not be rejected on the basis that its

moisture content was not controlled in the borrow area."

-&8.—-




It s «pparent {rom the foregoing documentation that moisture control
Kad nut been implermsnted as the specification requirsd, It is also
avident that adequate corrective action had not been token after the
issuance of QA Action Request SD-40 on July 22, 1977, by the continued
attempt to clarify and provide direction for moisture control through
numerous inter-office memos and telecons up until June, 1978, while

;oils work continued.

This failure to assure that significant conditions adverse to quality
are prozptly identified and corrzcted to preclude repetition is consi-
dered an item of noncompliance with 10 CFR 50, Appendix B, Criterion

XVI. (329/78-p - ; 330/78-2- )
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QA memy dni®d Deéc. 49,1978 wheh conta

SummAR y oF this discussion

6

Peview of Subgrade Preparation for Plant Area Fill

The Dames and Moore report on foundation investigation submitted with
PSAR Amendment 3, dated August 13, 1969, states, "the clay soils are
susceptible to loss of strength due to frost action, disturbance
and/or the presence of water. If the construction schedule rcquires
that foundation excavation be left open during :ﬁé winter, it is
recommended that excavation operations be performed such that at lea it
3 1/2 feet of natural soil or similar cover remain in place over the

final subgrade or overlying the mud mat. This layer of protcctive

"material is necessary to prevent the softening and disturbance of

subgrade soils due to frost action."

A meeting was held on November 2, 1978, between CPCo and Bechtel which

included discussion on frost protection of subgrade materials.l }'t was
stated, "If backfill froze and then thawed, it shculd be removed. It

was all scraped off (usually 2") and then tested with a pickax." This

indicates that the above Dames and Moore recommendation to remewe <xca-Ale

vponw 2luumpte
31/2 feebfﬁas not incorporated into the specification for preparation

of subgrade materials nor was it implemented.

The Bechtel Specification C-211 Section 5:2.2 states, "No backfill shall

be placed upon frozen surface nor shall any frozen material be incorpor-

ated in the backfill." CPCF sZat@d tiut +its it tocs—not adisess s

Questibn of Temoval OX _re;  wstion upomgesumptienof work. Zékfcu—

LGaled; .
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It vas ascertained that the Bechtel b,ecificatian did rot ruvide {',u;ul }
J-J‘.,.m-.}. Rt "-‘bﬂ“ /‘"‘N'"‘" l’f“l« - ,rm *A
specific instructions fot‘re'~w)<:£4—ﬂeoeggﬁ~&ﬁﬂa upon zeb_:pti
work after the winter period to preclude the effects of frost action on

the subtgrade materials.

This failure to assure that regulatory commitments as specified in the
license application are translated into specification, drawings or
iastructions is considered an iten of noancowmpliance with 10 CFR 350

Appendix B, Criterion III. (329/780- ; 330/78-4- )
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and audit

tion and testi

Compaction test had been Failing

QF-68 calculated using incor- by subsequent

(10/17/75) rect maximum lab densitv, tests.
Test recorded as passing

was actually a failure.




(4) Bechtel Material placed did not

NCR 421 @weet moisture require-

(5/5/76) ments.

Al

a al
Engincaring stated that
this ta3p area is temp-
orary and would be removed.
Supposedly, this was re-
moved based on note added

to NCR 421 on 3/18/77.

Note: Tn the vieinity of this ramp a Geotech engineer deter-

mined the material to be "soft" and directed a test pit to te

dug for investigation in Septemaer 1978 after the D. G. Bldg.

5 pure— g
settlemant Ssdatadle FEN ig,j‘é_,‘ug‘
\‘——/

(5) CPCo Lift thickness exceeded
QF-120 maximum of 4" in areas
(9/21/76) not accessible to roller

equipment. Insulficient

monitoring of placing
crews. Laborer foreman
not familiar with re-

quirements.

_M_M_AL

‘_.J('_‘j,.

Material was removed and

recompacticd.



(7)

(8)

(9)

CPCo
QF-130

(16/13/76)

CPCo
QF-147

(2/2/77)

CPCo
QF-172

(7/8/77)

CPCo
QF-174
(7/15/77)

Inspection plan C-210-4,
Rev., 0, permits 12" liftc
thickness for areas in-
accessible to rollers
caused by "misinterpre-
tation of specification
requirements. Spec. per-

. L=
mitted 4" 1pft thicjiness.

Failure to perform inspec-
tion and testing'?f struc-
tural bLackfill (sand) om
12/1/76, 12/14/76 and
1/11/77 (same as QF-29
dated 10/14/74) material

lacked gradation test

requirements.

Moisture control out-of-
tolerance and compaction

criteria not met.
Gradation requirements

for Zone 1 materials not

met.

..ijcil._

Corrected inspection plan

requircz=ents.

Engineering accepted the

material in place "use

as is.”

Engineering accepted

materials.

Engineering accepted

materials.



(10) CPCo
QF-199

(11/4/77)

(11) CPCo
QF-203
(117227171

(12) CPCo

Audit
F-77-21
(5/77 &

6/77)

Moisture content oot met;
compaction requirements
for cohesive and cohesion-
less soil not met. Mater-
ials had been accepted
using incorrect testing

data.

Gradation requirement not

met yet materials accepted.

Moisture content require-

quency not met.

dﬂ' ol (/Z al /8

1004 and 1005;

still open; No.

NCR's No.
No. 1004

1005

"accepted as is."

Engineering "accepted

as is."”

Bechtel QC to inform

foroman dfrpctine soils
———

work of requirements.
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(13) CrCo Compaction requirerent for Project Eaginecering to
Andit both cohesive and cohesion- Jjustify the materials
F-77-32 less materials not met; these failing tests

(10/3/77) moisture requirements not represent. NCR QF-195
met; tests had been accept- still open. g

ed yet failed requirements.

—
12
;}Q} Eechtel Structural backfill (sand) Engincering accepted

NCR 698 was delivered without "use as is."
(2/9/77) acceptance tests on Oct.

26, 29, Nov. 12, 1976 and

Jan. 11, 12, 1977.

SN IR
63 Seclitel Saxma defliclsncy as WCR £98. Acsce

e

NCR 686
(2/18/77)

(16) Bechtel Moisture content require=- "Accepted as is" based on
NCR 1005 ments not met. density test only.
(10/26/77)

Note: The majority of the above nonconforming conditions were
identified by Consumers Power Company Quality Assurance group

rather than the Bechtel QC/QA organization.



nased on a review of the above nmonconformance and audit reports and
the continued engineering evaluation to accept (use as is) significant
deficiencies affecting the quality of safety-related work activities
it appears that the cause of the conditions were not promptly identi-
fied and corrected and the corrective action taken did not preclude

the repetition of the deficiencies.

This failure to assure that the cause of conditions adverse to quality
and that adequate corrective action be taken to preclude repetition
is considered an item of nuncompliance with 10 CFR 50, Appendix B,

Criterion XVI. (329/78-20- ; 333/78-2¢- )
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Review of Calculations of Settlement for Plant Arca

A review of the settlement calculations for the structures in the

plant area was performed during a visit to the Dzchtel, Ann Arbor

Engineering office. Specific attention was given tc structures

founded on plant area "compacted fi11l." The following specific

findings were made:

FSAR, Section 3.8.4.1.2 (Diesel Generator Building) indicates
the foundation of the DGB to be continuous footings with inde-
pendent pedestals for each of}:he Diesel Cenerators. Contrary
to the structural arrangement described in the FSAR, the settle-
ment calculations for the DGB were performed on the premise that

T 5..41 32 an 2nmd s dacmame Y. = wamre
-l 3 A9 S wOou -

- 1 1A Ko ot Enmwuls Ibgondlvead
QI8 & &40 equ pt2 - 1€ D8 QRIltive i toteks §ge

to the foundation material by a 154' x 70' foundation mat. The

settlement calculations were performed between August 1976 and

October 1976 by Bechtel Geotech Division.

Discussion with the Geotech Engineer who performed the settlement
calculations indicated that he had not been informed of the
design._change of the foundation until late August 1978 when the
excessive settlements of the DGB and pedestal became apparent.

d as a se e
AdmindstrationBrilding-etThe sete that—sxose in-August— 1973 at

he u s
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FSAR Figure 2,.5-47 indicates the load intensity for the DGB to be

4 KSF (4000 lbs. per sq. ft.); however, the settlezaent calculations

reviewed in”’‘ ate a unifcrm load of 3 KSF (3000 PSF). This appears

to be a conflict bztween the FSAR and settlement calculations.

The settlement calculations for the borated water storage tanks
were performed assuming a 54' diameter circular foundation mat

with an assumed uniform load of 2500 PSF.. Instead, the tanks

are supported on a continuous circular spread footing and compactad
structural backfill as detailed on the construction drawings. ihe

Geotech engineer was also not nade aware of the revised foundation

detail.

It is important to note the FSAR Figure 2.5-48 (Estimated Ultimate

Settlements) indicates the anticipatea ultimate settlement ior Uait

1 and 2 plant structures. The values indicated for the Diesel Generator

Building and Borated Water Storage Tanks are the values developed

assuming uniformly distributed loads founded on mat foundations as was

indicated in the settlement calculations reviewed even though the actual

/,
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design and construction utilizes spread footings. The FSAR, as written
tgdate. does not indicatef the foundation type assumaed in the
cettlement calculations and therefore the values in the FSAR figure
appear to represent the settlements estimated for the as-constructed

spread footing foundation.

4. Puring a review of the settlement calculations, it was observed
that the compression index (Cc) for the cc;pac:ed fi11 between
elevations 603 and 634 in the plant area was assumed to be 0.001
(estimate based or experience). FSAR Section 2.5.4.10.3.3
(Scil Parameters) indicates th2 soil compressibility parazeters

used in the settlement calculation are presented in Table 2.5-16.

This table indicates that for the plant fill elevations 603 to

634, the compression index used w2s 0.002 Ceatrery fo She FRAR
value, 0.001 was used in the settlement calculations reviewed.
This value is directly used to determine the estimated ultimate

settlement of structure supported by plant fill material.

This failure to translate specific design bases, as specified in the
license application, into specifications, drawings or procedures is
considered an item of noncompliance with 10 CFR 50, Appendix B,
Criterion III. This is an item of noncompliance as identified in

Appendix (320/78-2[,— 3 330/7820- ).

Discussions with CPCo personnel responsible for the t chnical review

and format indicated that a comparison between the design document 3

~F0-
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and FSAR had not been performed. Likewise, Bechtel perscanel indi-

cated that a detailed comparison for the technical accuracy of design

documents to the FSAR statements had not been performed; instead

reliance was placed on the originator's input.

According to the Civil Engineering Group Supervisor, a mat foundation

was considered for the DGB only during the conceptual stage. All
drawings generated show a spread footing foundation. The Cectect
engineer apparently based his calculations on the conceptual stage
information. He went on to say that an individual in Geotech was
responsible for checking che calculations and the first thing he is
supposed to do is determine that the basis for the calculations is

correct. He gﬂhh that apparently this was not done.

Z}L&Z G a-( 1/17/




Review of Settlement of Administration 3uilding Footings

Suring the investigation, it was disclosed that the fdministration
Building at the Midland Site had experienced excessive settlement of
the foundation footings. Although the Administration Building is a

non-safety-related structure, it is supported by plant area fill

material compacted and tested to the same requirements as material
supporting safety-related structures and therefore pertinent to the
current settlements being experienced by the Diesel Generator Building.
The following are the events relating to the Administration Dulldlng

.

settlement. :

During the end of August, 1977, a Bechtel field engineer observed a gap
between a slab and the grade beam of the Administration Building. On
August 23, 1977, a survey was taken of the setilcucnt. The rosults
indicated that th? footings supporting the grade beam had experienced
settlement ranging from 1.32" (north side) to 3.48" (south side).

This settlement took place between July 1977, and the end of August

1977. The footings were supported by "random fill" (Zone 2 material).

The concrete footings on the order of 7' 6" by 7' 6" by 1' 9" deep
were removed along with the grade beam. The random fill material was

also removed. According to U. S. Testing personnel, it was observed

during excavation of th that there were voids of 1/4"

to 2" or 3" within th& large lumps of unbroken clay r2asuring us to

3' in diameter.

—fl =



The Civil Field Engineer assigned responsibility for plant fill vork

said that, although he was no soils expert, it was his opinion that the
b : e )

problem was causeqﬂ.he presence of pockets of water duf to drainage

from the steam tunnel. The Lead Civil Field Engineer also indicated

a drainage problem caused the Administration Building settlement. They

were, however, unclear as to how the water pockets were formed, i.e.

whether they were formed as the fill was being placed or how they

could develop after the fill was compacted.

v
The exca’ated fill was replaced with concrete and the design of
individual footings was changed to‘f continuous spread footing design

-

for support of the building.

A total of seven borings were taken of which five were in the
Administration Building area, one in the Evaporator BuilQing area and
one south of the Diesel Generator Building. In the Administration
Building area the foundation material was found to be "soft" with
"spongy characteristics.” The two other borings did not indicate
unusual material properties at the time in that the blow counts were

reasonable. These borings were taken in September 1977.

L



The licensee indicated that reports from Bechtel indicate that the

primary cause of the settlcment in the Administraticn Building area was

that the percent compaction of the foundation material was less than

the originally reported percent compaction indicated on the test report
documentation. Bechtel concluded that "deviations from specific compac-

tion requirements was the result of repeated erroneous selection of
compaction standard,”" 1.e. optimum moisture-deﬁsity curve for the soil
material being compacted. Iu effect, the moisture-density curve was li;v~-1

assumed t7&epresent similor ebarecteYisticeof the soil being used and
therefore soil was compacted to le;? than maximum density.

Bechtel personnel, including the Civil Group Supervisor, Project
Engineering, the Field Project Engineer, the Lead Civil Field Engineer,
and the Chief Civil QC Inspector, all stated that the adminisctration
Building settlement was regarded as a localized problem and the question
as to the adequacy of the entire plaa® area fill did not

arise. The opportunity did exist at the time to perfSrm hesea borings
of the foundation material for the Diesel Generator Building since
preparations were being made at that time to pour the footings for the
building. The Diesel Generator Building area required more fill than
other safety-related structures since its base is located at a higher

elevation than the others.

Consumers Power Company, QA, QC and the Project Engineer in Jackson,
Michigan, all indicated they were unaware of the Administration-

Building settlement until the Diesel Generator Building problem arose.

Ay -
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It should also be noted that since the identification of the Dicsel
Generator Building settlement, a soft spot was found north of the
Auxiliary Building in the tank farm area ¥ A test pit was excavated

there to obtain data for futher evaluation.

Based on the settlement experience in the Adminstration Building area
and the settlement currently being experienced in the Diesel Generator
Building area, an apparent relationship exists between the two in that,
Zone 2 (random fill) was placed and testad using the same method of

selecting the laboratory compaction standard.

.
*

The Bechtel report by Geotech, date; Deigaber 1977, and Bechtel letéer
to U. S. Testing, dated Tebruary 1, 1378, do uot relate the puocileam
experienced in the Administration Building area to the rest of the
plant area fill nor was any evaluation performed to identify the
extent of the deficiency except a total of two borings in the entire

plant area.
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Based on the cause of the Administration Building daficiency and the
lack of proper evaluation asj\‘t)he extent of that eame deficiency in
plant area, it has been concluded that the requirements of 10 CFR 50,
Appendix B, Criterion XVI ha;enot been met, in that, the licensee failed
to evnluﬁte and take corrective action to pr;'clude repetition of

signif;lcant conditions adverse to quality. This is considered an item

of noncompliance as identified in Appendix A. (329/78-20- ; 330/78-20- )

k.
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Review of Tnterface Between Diesel Generator B 1ldinz Fowndation and

Electrical Duct Banks

A review of the design interface between the electrical and civil sections
of the Beghtel organization was performed to determine whether the
design accounted for the inceraction of the electrical duct banks and
spread footings on the differential settlement of the northside of the
DGB. It was determined that the electrical and‘civil groups made
accormodations in the design to permit settlement of the spread footings
around the electrical duct banks by including a styrofoam "bond breaner”
around the duct banks. Both elect;§cnl and civil groups reviewed and
approved electrical Drawing E-502 which includes che appropriate detail.
Bechiet
Howeve;?xs:zzlng C-45 which identifies Class I fill material areas
permits the use of Zone 2 (random fill) which includes "any waterial
free of humus, o;ganic or other deleterious material." This, in effect,
does not preclude the use of concrete around the electrical duct banks
beneath the spread footings. Due to the difficulty in compacting, Bechtel
elected to replace the soil material with concrete. Letter from project
engineering to field construction, dated December 27, 1974, states,
"lean concrete backfill is considered acceptable for replacement of
Zone 1 and 2." Consequently, the concrete placed around the duct banks
restricted the settlement on the north side of the DGB where four
electrical duct banks enter through the footing. This apparently caused
the excessive differential settlement in the North-South direction

across the building.

_47_



Based on the above, it is apparent that adequate instructions or proce-

dures were not provided to field construction to preclude the use of a
ant < pated

foundation material that would restrict the uniform settlement of the

Diesel Generator Building ss=eatisimuted.

This failure to prescribe adequate instructions for activities affecting
the quality of safety-related structures is considered an item of
noncompliance with 10 CFR 50, Appendix B, Criteriom V. (329/78-2c-

330/78R0 -
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noview of Soils Placement and Inspection Activities for Plant Arca Fill

A subcontractor, Canonie Construction Company, South Haven, Michigan,
performed the major portion of the earthwork at the Midland site.
Although Canonie was primarily engaged to construct the cooling pond
dike, they also performed most of the plant area fill work. Bechtel,
ﬁowevet. also performed plant fill work prior to and after Canonie left
the site in mid-October 1977. The last Canonie daily QA/QC fill

placement report is dated October 16, 1977.
.

According to Canonie QA/QC records the first fill in the DGB area was
.

placed in late October and early November 1975. No further fill was

placed in the area until July li?}k Af ter that time, fill work in the

area was interspersed with soils work in other areas.

wWhile it would be difficult, if not impossible, to identify the soil
work performed by Bechtel versus that performed by Canonie, records
reviewed indicated that most of the Bechtel work was done during the
latter part of 1976 and continued through 1977 and 1978. Although
most of the Bechtel work related to placing sand around piping and
ducts after they were laid and placing sand adjacent to walls, some
motorized work compacting clay fill was also done by Bechtel.

workK
Regarding the plant fill uﬂ‘k performed by Bechtel, CPCo Audit Report
No. F-77-21 dated June 10, 1977, identified a number of deficiencies

which recommended the corrective action to be as follows: (1) "the

—LfG ~




foremen directing the scils work should be instructed as to the
required moisture content limits" and (2) "the foreran directing the
soils work should be instructed as to the correct test frequency
requirements.” Based on the above two recommended corrective action

items, it is apparent that A’foremﬁ'n’ were 'directing’the soils

activities. Interviews with two such Bechtel foremen confirmed the

fact that they were directing soil operations. They said they had

never seen the epecifications for backfilling. They indicated they

received their instruction regarding 1ift thickanesses and testing

requirements orally from field engineering through a general foreman.

¥
A

No documentary evidence was available to indicate iudoctriuation
and training of these labor foremen or a general foreman to assure
suitable proficiency in the area of snils activities,
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Cased on the above, it is apparent that < sdequate training and

. —

et (B
indoctrination was aveégab4e to to personnel performing activities
affecting quality and is considered an item of noncompliance with

10 CFR 50, Appendix B, Criterion II. (329/78-20~ ; 330/78-20- )

The foremen indicated that Bechtel Field Engineers and QC inspectors were
rarely in the areas where soils activities were going on. The foremen
decided when and where tests were taken. The locations of tasts were
approximated by pacing or visually estimating distances from columns

or building walls. Lift thicknesses were determined visually, usually

A
without the use of grade stakes.

Soils testing services are provided by U. S. Testing Company based on
the reguirements of Specification C-208. The two U. 8. Tasting teczh-
nicians who said they performed an estimated 90% of the soil testing
during the years 1975-77 indicated that they rarely saw a Bechtel field
engineer or QC inspector in the areas where plant fill activities were
going on. One technician said he could recall only one occasion when
a QC inspector was present when he took an in-place density test. The
other technician estimated he had contact with a QC inspector in the
field about once a month. A Bechtel QC inspector, however, was assigned
to the testing laboratory on a full-time basis.

LlE;T?StAW pisocne(

stated that erroneous test locations were a chronic problem

regarding the Bechtel placeud fill. The location of a test was usually

given at the time of the test by a labor foreman or a laborer iflthe
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foreman wasn't there. Someti:gs, however, a forezan was not familiar
with the area in which he was working and the location was not provided
until sometime after the test. It became necessary on occasion to
witn@ld test results as a means of getting the test location. Test

elevations were approximated sequentially.

The technicians further advised that rarely did a Bechtel QC inspector

request a test. Normally, labor foremen raquested them. On rcczsion
a technician passing through an area would be asked by a [ureman if
a test should be taken. Upon completion of in-place tests, the results

Y
were usually communicated to the fé;eman directing the work. Test

failures were also reported by telephone to QC or ﬁield Engineering. A

weekly report of test was provided to Bechtel QC and Field Engineering

who reviewed any test failures and resolved them,




U. S. Testing personnel advised that they were requested to take tests
of clay fi1ll while it was raining and in order to do so, plastic was
held over them to protect their equipment while tha tzst was rade.
Even though it was raining, the fill placement work was not stopped on

some occasions. A Bechtel foreman confirmed that density tests were on

. g Toa, & e
whily ¥ (s vet Lotiay
occasion taken while it was raining. e &k ' t At his
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U. S. Testing personnel indicated that when moisture was added, the
de mat:ual

procedure did not include blending #2 4im which resulted in mushy

|

seams. It is coumonly accepted good parctice to disc the fill after

spraying it with water to add need;d moisture. A Bechtel foreman stated
L]

that if moisture was needed they compacted 6" then sprinkled it and

then added another 6.

The field engineer who was assigned responsibility for plamt f£ill wock
stated he did not spend full time onvsoils work since he also had
responsibility for two structures, the steam tunnel and general ztai
work. He said he tried to get out to the area where fill work was
being done once a day. Some times he did and sometimes he did not.

He indicated it was his impression that the QC Inspector responsible
for the soils work on the day shift visited those work areas once or
twice a week. He confirmed that only oral instructions were furnished

to the foremea whom he felt were conscientious. The main problem he

5 ejzzrienced with the foreman was maintaining proper 1lift thickness.

..cs'és.a



Review of Inspection Procedures

The following procedures which are relative to backfill operations
at Midlond Units 1 and 2 between August 1974 through LCacember 1977

were reviewed.

n..~ Bechtel Master Project QC Instruction for Compacted Backfill -
C-1.02 was issued for comstruction October 18, 1976, and it is
presently the current instruction which is used by Bechtel QC

a4

(when Dechtel is the inspection agency, providisg

first level
inspections during backfill operations). Further, this instruc-
tion was used by Bechtel QC wh;n monitoring the activities of
other inspection agencies (Canonie) when such agencies were

performing the first level inspections of backfill operations

during the time periods of October 18, 1976, until June 28, 1977,

b. Bechtel Master Quality Control Instruction for FEarthwork Subcontract
Surveillance - SC-1.10 is an instruction utilized by Bechtel QC
when monitoring the activities of other inspection agencies that
are providing the first level inspections of backfill operations
(this instruction was utilized during time periods of June 28, 1977,

through October 25, 1977).
s Bechtel Quality Control Master Inspection plan for Plant Foundation

Excavation and Cooling Pond Dikes (Plant Area Backfill and Berm

Backfill) - Procedure No. C-210-4 is an instruction utilized by

-5 -



rations (this instrm

prior to October 18, 197

Master Inspecti

when performing first level

October 18, 1976.

activicties prior to

Bechtel Procedure C-1.02, listed above, was written as

-

for both Procedures C-210-4 and C-2 I

which were delineated in Procedures

with those described in Procedure C-1.02. The following are

"i, W_E:;f:£§§_A-“_
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Inspection Code for--

Activities/Task Description C-210-4 c-211-1  C-1.02

Backfill Material

(*) 1. Free of brush, roots, sod, I S(V)

snow, ice or frozen soil.

{*) 2. Material moisture conditioned S 1 S(V)

to required moisture content.

]
.

. 3.  Structural backfill used ' 1
with 3" of plant structure,
shall be cohesionless and

free-draining.

(*) 4. Material not placed upon I S(v)

frozen surface.

5. Foundation approved prior to H H R/H

backfill placement.

6. Prior to start of work, area (V)
free of debris, trash and

unsuitable material.

-5 &




Compaction Requirements

1. Cohesionless material com- S S S(V)
pacted not less than 80%

relative density.

(*) 2. Cohesive material compacted W o S S(V)
to not less than 95X max.

density.

(*) 3. Zomes 1, 1A, 2 and 3 material W I S(V)
‘ in uncompacted 1lifts not ;x-
ceeding 12"; areas not access-
ible to roller equipment the

wmaterial placed in uncoxzpacted

lifts no exceeding 4".

ﬁ/ﬂh_‘[ [/ac// e % 4




Haterial Testing

1. Verify testing and test results

are as per engineering requirements.

. a. Materials S S
b. Moisture S s
¢. Compaction \ S S

2. Review lab test report verifying:

a. Proper test method. R R
b. Proper test f.equency. R R
C. Technical adequacy. R R

I - Inspection point

H - Hold point

W - Witness point

S - Surveillance (V) =~ viﬁ}ual

R - Review records

S{V)

S(V)

(V)



R4 -
/ /4'5.

3 K7 T F ;'@ <
&fjc//’[l //"///:/’L.//{"/ ///)

- —— -
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during or after in-process construction. This incpection
activity requires that the QCE Physically vars fy the work
operations described ia the Quality Control Instruction to
&ssure they are performed in accor ianee wish frspection
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This letter, as vere References l.a. through gv., is an Interim 50.55(e)
report on the settlement of the diesel generator foundatiomns and building.

The enclosure documents the presemtation made to members of the Staff and
Inspection and Enforcement on July 18, 1979 in Bethesda, Maryland. The
presentation provided an update of the status of the actions previously
discussed in References 1, 2 and 3; the remedial work in progress or planned;
the schedule of activities; the results of the cause investigation; the
QA/QC aspects; and the licensing activities and changes to the FSAR.

Future 50.55(e) reports will discuss the following in mare detail:

a. Results of further investigation of tLhe leaking air line in the
tank farm area, and settlement criteria for the borsted water storage
tanks and the lines into the auxiliary building.

b. Design bases to comply with the intent of the draft Standard Review
— Plan on Dewatering.

¢. A Quality Assurance Plan for implementing the permanent site dewatering
systenm.

Another interim report will be sent on or before September T, 1979

Syl Sl

Enclosure: Presentation Made at July 18, 1979 Meeting With INRC at Bethesda.

CC: Director, Office of Inspection & Enforcement
Att: Mr VTictor Stello, USMRC (15)

Director, Office of Mansgement
Information and Progrsa Comtrol, USNRC (1)

Director of Nuclear Reactor Regulation
Att Mr Domenic Vassallo, Acting Director
Division of Proj=zct Manegement, US NRC
Washington, DC 20535
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On August 22, 1978, Consumers Power Company notified the NYRC Resident
Inspector that there was larger than expected settlement of the diesel
generator building foundation. On September 7, 1978 the NRC was notified
that it was considered reportable. The first 50.55(e) Interim Report was
on Septerber 29, 1978 with the latest Interim Report submitted on Juns 25,
1979. On March 21, 1979 a 50.54(f) request was issued by I 3 Denton.
Consumers Power Company replied om April 24, 1979 and revisiocns were sub-
aitted on May 31, 1979 and July 9, 1979. Meetings with the Staf? and
Inspection and Enforcement have taken place at Glen Zllym and at the site.
In addition we have received several questions on this subject from the

3tar?.

Initially, in September 1978 there were several options considered to
correct the problems and these included modified mat, prelcading, a combina-
ticn of these, underpinning and removal and replacement of the structure and
soil. From that time tc the present, there have been many meetings between
Consumers Power Company, Zechtel and the Consultants. 3ased upon these
meetings, a decision has been made to delete the chemical grout cption and

%o g0 %o a site dewatering concept. This is discussed in more detail later.
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2.1 Meetings with Consultants and Options Discussed

The investigative program conducted to date has included: meetings with
consvltants to discuss the options for remedial action as noted in the
introduction, discussions concerning the NRC findings, investigation cf
the various remedial actions and preparations of 50.55(e) Reports. As
part of the investigative program, approximately 31 meetings have been
held on this subject since September 1978. Various consultants partici-
pated in 11 of these meetings while the NRC attended approximately 8 of
these neetings. Consumers Power Company attended a majority of the meetings
alsc. During this time the causes of the problem were also investigetea.

Zesponses were also prepared to the 50.54(f) juesticns.

2.2 Investigative Progran

The major portion of the investigative prograr was the investigation of the
entire site soil ccnditions, which included approximately 161 soil bderings,
-4 dutch cone tests and 5 test pits. (Figures . and 2 show locations ‘or
scil borings and typical soil boring cross sections. Note: Secuential
figure numbers have been added to show sequence in which they were rresented
at the July 18, 1979 meeting.) During this periocd of tize, an investizative
program was also launched to monitor all cracks in major Class I structures
associated with plant area f£ill. Strain gauges were also utilized., (Zee

Figure 3 on typical section through Service “ater Building.)

It should alsc be noted that an independent firm Goldberg-Zoinc-Cunnelif? i

f e -

Associates (GZD) was utilized for profiling pipes to determine settlerent.

-

Cee Figure 4 on pipe profiling typical secticn.) A rabbit check of electrical

duct work was alsc utilized for assuring continuity. (Zee Figure 5.) During

this peried o

"

tize the frequency of settlement monitoring of the Diesel

Jenerator 3tructure was also increased.
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2.3 Settlement

It is very important to note that the Diesel Generator Building is the

only C.iass I structure that was cbserved to have excessive settlement;
however, as a result of the boring program we did find some areas with
questionable soils beneath the structures. These areas were: Diesel
Generator Building, Service Water 3uilding overhang portion only,

Auxiliary Building electrical penetration rooms and Feedwater Isolation Valve
Pits. To correct the problems with the Diesel Generator 3uilding it was
decided to preload to comsolidate the soils and accelerate the total
settlement. (See Figure 6 on overall site layout of the power block.)

.

Tigure shows the settlement of the four Diesel Cenerstor pedestals vs
the application of the surcharge. It can be seen that at the completion
cf the surcharge application the settlement appeared to be leveling out.
Tigures 3 and 9 show the settlemert for the Diesel Generator 3uilding.
These figures are profiles looking north and lcoking in the east-west
direction. TFigure 10 shows settlement vs log time. Figure 11 highlights
the elevaticn contours and differential settlement between the northwest
and southeast parts of the structure. Figure 12 represents the various
utilities beneath the building. It should be noted that the Diesel
Generator Building was initially vartially hung up on these utilities

and that after they were freed the building settled in a more or less uni-
form fashicn over the last few months. Figure 13 shows the location and
tyves of instrumentation utilized to monitor the settlement of the Huilding
and instruments that were utilized during the preload program to determine

“rnen the Tore pressure nad decreased t¢ normal.



2.4 Recent Revisions

For the areas of questionmable soil discussed previocusly it has been
decided to provide vertical support for the Service Water Building Over-
hang and to improve the support of the Electrical Penetration areas and

Feedwater Isclation Valve Pits.

The investigative program pointed out that certain sand n;'-s were not
adequately compacted. This presented a potential for liquefaction under
the action of SSE. The initial remedial action plan was to chemically
grout the loose sands. After further review of this remedial acticn,

it appeared that while the grouting would sufficiently remedy the situa-
ticn, it would be difficult to prove that all areas had been uniformly
grouted. It was noted that there were discontinuous sand lems and fine
grain sands and, furthermore, there were access problems for grouting.
Underpinniug of the Diesel Cenerator Building as another remedial action
presented problems with shoring, support of utilities and schedule. It
was decided recently that better remedial acticn would be to dewater the
entire site on a permanent basis. This will provide a conservative solu-
tion since any liquefaction questions would be eliminated in any site area
in the power tlock whether or not it was determined that there was a po-
tential for liquefacticn. More details of the basic plan discussed above

are described in subsequent sections.
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3.1 Diesel Generator Structures

The diesel generator building is a box-shaped structure. (Se2 Figure 14.)
Its main purpose is to provide a housing for the four emergency diesel
generators. Structural walls are very rigid and are supported

on strip footings. The building and the generator pedestal are “ounded
on approximately 30 feet of fill. During the summer of 1978, settlements
more than anticipated values were cbserved and a detailed soil investiga-
tion was conducted. The backfill was fcund to consist of soft to very
stiff clay with pockets and layers of very loose tc dense sand backfill.
The ccneclusicn of the investigation was that the fill was not adequately
compacted. 3ased upon the recommendation of our soil consultants,
Professors Peck and Hendron, the remedial measure chosen was to preload

the existing backfill by layers of sand surcharge.

Figare 15 shows in plan the extent of sand surcharge. The surcharge was
gradually applied in steps. To date, the backfill under the diesel building
is subjected to 2C feet of sand surcharge. Figure 16 shows a cross-section
of the building and the surcharge. The surcharge procduces stresses in the
i1l greater than the amount the fill would experience whem the structure

is operational. This surcharge will remain until excess pore pressures

are essentially dissipated and the rate of residual settlement bHecomes

small and can be predicted conservatively by extrapolation.

The preicad consoclidates soft areas of clay £il.; however will not signifi-
cantly improve the juality of loose sands. The potential of licuefaction
3f these sands and aerial dewatering of the plant site as 3 remedial measure

Jor this problem will be presented later in detail.
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Figure 17 shows plan and cross-secticnal elevations of a typical diesel
generator pedestal. This is a reinforced concrete structure having a
minimum compressive strength of 4000 psi. The fill beneath the pedestals
have also consolidated resulting in differential settlement. Differential
settlement of the pedestals will have no effect on alignment of the engine
and the generator because they are both mounted on the same foundation.
Ffurthermore, because of the emormous stiffness of the pedestal, no signifi-
cant warping is expected and the top of the pedestal will generally lie
w#ithin one plane. The diesel generator will be set in a level position ir-
respective of the amount of differential settlement between the corners of
the pedestal. It will be achieved either by a suitable layer of grout on
the pedestal or by chipping a few inches of the top concrete and refinishing

it 7 the required level.

The machine itself has considerable tolLerance limits for tilt and roll.
Celaval Turbines, the manufacturer of the diesel generator, stated that

EY SJ combined backward tilt and roll of the pedestal or a forward tilt of

1.4% and roll of 5° combined will not affect the performance of the engine
and the generator. Furthermore, during the cperation of the plant, if
further differential settlement causes this tolerance %o be exceeded, the
manufacturer states that the generators can be shimmed back to level posi-
tion. In summarizing, for the diesel generator building the remedial
work of prelocad i{s in pregress and dewatering of site is veing planned for

irplementation soon. [lo further remedial work on the pedestal than that

mentioned above is anticivated.
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3.2 Service Water Pump Structure

The service water pump structure is located in the southeast end of the
power block area adjacent to the cooling pond. (See Figure 6.) Figure 18
shows a plan view of the structure. The cooling pond is on the soutiern
side. The major portion of the structure is founded on natural scil mate-
rial except for the northern portion which is founded on f£ill. Figure 19
shcws a cross-secticnal view of the structure. As mentioned earlier, the
northern section, which is cantilevered off the main building, is founded
on backfill material. As a follow-up to the investigation of all Class I
structures on fill, several borings were taken in this area. The borings
indicated that the backfill consists of soft to very stiff clay and loose
to very dense sand. The conclusion was that some areas of che fill material
under the northern part of the structure were not sufficiently compacted.
However, no significant settlement of the structu~e has beer noted. The
reascn for this is that the existing dead loads from this portion are veing
partially supported oy the rest of the structures through cantilever action.
The remedial measure chosen is to support the morth -all on piles driven %o
hard glacial till. The choice of piles is an economical and expedient

solution with minimal impact on the schedule.

Figure 20 shows in plan the layout of piles. A total of 16 piles is planned
at this time. The piles will have a capacity of 100 tons and are desizned
as bDearing piles to carry only vertical load. The piles will be pipe piles
filled with concrete, They will be predrilled through the £L11 and iriven
into the glacial till. The length of piles is expected to bhe approxizately

50 feet.
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Figure 21 chows the method of transferring vertical lcad from the wall

to the piles by a system of reinforced concrete corbels.

As shown in Figure 22 the concrete corbels will be anchored to the wall
by a system of anchor bolts. The pipe piles in turm will be jacked against

the corbels to effect the transfer of load.
A test pile will be lcad tested to determine its capacity.

3.3 Tank Farm

Figure 23 shows the tank farm in plan. There are two borated water storage
tanks (3WST), a utility tank and a primary storage tank. Of these, only the
sWETs are safety-related. Zach 3WET has a capacity of 500,000 gallons and

is 52 feet in dlameter and 32 feet in height.

As shown in Figure 2i, a short concrete ring girder foundaticn with a strip
“octiag is provided for each 3WST. The tank is supported on the ring girder

and the scil within the foundation. The tank by itself is quite flexible.

Adjoining the ring girder for each tank is a small box-shaped structure
called valve pit. This houses valves and other controls. At present, cone
struction of ring girder and valve pits are complete and installation »>f
piping is in progress. As a follow=-up to the investigation of all Class I
structures founded on fill, several borings and test pit examinations were
completed in the tank farm area. The results of the investigation indicated
that the tanks are supported on medium to very 3tiff clay dackfill with 2¢c-
casional medium to very dense sand layers. The condition of the £ill is
suitable for the support of the tanks. To confirm this, the tanks will be
sonstructed and filled with water in corder to make a full-scale test >f the

Jzundation soil.



Figure 25 shows the layout of borated water lines entering the tank through
the valve pit. The piping connections are being made to allow startup,
flushing, filling and testing of the tank. Selected points on the piping
between the 3WSTs and the auxiliary building will be monitored for settle-
ment during comnstruction phase. Any differential settlement measured

will be analyzed in accordance with established procedures.

In summary, the backfill material on which the 3WSTs are founded is
satisfactory and will be confirmed by a load test. __rated water lines
11l be monitored and evaluated for any differential settlements. Therefcre,

no remedial action is anticipated for these structures.

3.4 Diesel 0il Storage Tanks

The diesel oil storage tanks are located in the scutheast end of the

power slock area and near the condensate storage tanks. There are 4 diesel
oil storage tanks, each 12 feet in diameter and 44 feet in length. (See

Figure 6.)

Figure 26 shows a crosse-sectional view of a tank. There is six feet of earth
covering each tank. The tanks are supported at three points anchorrnd to cone
crete pedestals. The tanks are founded on backfill and results of the boring
progran indicated that the tanks are supported on medium to stiff sandy clay
vackfill. This soil condition is adequate to support the tanks. !l‘crecver,
the weight of the tanks is approximately equal toc the f1l1 that it replaced,.

In order tc verify that the fill is satisfactory, these tanks have been 7ill

with wvater and settlements are being monitored., It has been three months since

the tanks have been filled with water and no appreciable settlements have
Jeen ncted yet. Therefore, the backfill is considered adequate and 20 re-

medial measures are anticipated.
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3.5 Undergrcund Facilities

The underground facilities that will be discussed are Seismic Category I
piping and electrical duct banks. Figure 6 shows safety-related piping,
namely Service Water Lines, from the auxiliary building to the service
water structure and from the diesel generator building to the service
water structure, borated water.lines from the auxiliary buildiang to 3WST,
and diesel o0il lines from the diesel oil storage tanks to the diesel

generator building. Also shown are electrical duct banks.

To evaluate the present condition of piping, a representative group of
piring was selected and profiled by a Nold Aquaducer Profile Settlement
Gauge. Figure 27 shows for illustrative purposes a plot of cne of the lines
profiled. All the pipes profiled were reanalyzed taking intc account the
measured differential settlement in accordance with the provisions cf cur-
rent codes. The analyses showed that the calculated stresses due %o 2if%ar-

ential settlement are within allowable limits.

In summary, the pipes are very ductile and calculaticns show that there are
no adverse effects of differential settlement. Therefore, no remedial work

i3 anticipated with regards tc buried piping.

Zlectrical Duct Sanks

The duct banks are reinforced concrete elements enclosing PVC and rigid
3teel conduits, thus, providing voids for the cables. Continuity checks
that are being performed by passing a rabbit through all the veids was dise
sussed previously. This program establishes the fact that, tc date, the
iuct banks are intact. FMurthermore, the duct banks are reinforced with
ncminal amcunt of steel, therefore, possesses a considerable amount =f

fuctility in bending.



a preliminary calculation
length can underge a maxinmum

pure bending at ultimate loed.

.ae proposed me neasures for the
the auxiliary building and the adjaceat feedwater
.80lation valve pits b, \ the remedial measures
iace questionable Dearing capacity as evidenced by soil sampling

the remedial measure has the objective of replacing the

bearing capacity witl ¢ elements which extend from

the existing concrete foundations %« derlying undisturbed glacial till

Jol.e minimizing “isturbances to existing structures and construction
perations. In order to accomplish this
capacity of the electrical penetration rooms
juestionable underlying materials by oroviding caissons
electirical penetmtion rooms. These caissons shall have suf®!
ipproximately ocne-nalf of the dead and re loads

yenetration rcoms with the remaining one-nalf

-~

ne sropesed aethod fo
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pits is to temporarily support them in place, totally undermine them by
removing all materials to a depth at which undisturbed glacial till is

encountered and f£illing the excavation with lean concrete.

The plan of attack for performing the work is as follows: (See Figures 29 thru 33)

l. Locally dewater the soil above the glacial till in the affected areas.
It is essential that the loose granular soils be dewatered to permit
excavation under the structures without significant loss of ground.

The devatering system shall be installed and the water drawn down in

advance of any excavation. The dewatering system is a curtain cut-orf
type. A majority of the eductors will be installed from the lower base-
ment of the turbine building. The discharge will be monitored for
piped fines.

2. Tempcorarily support the isclation valve pit by the use of needle beams
spanning between the buttress access shart and turbine building founda-
tion wall at the ground su:rface,

3. ZExcavate an access shaft adjacent to the isolation valve pits to a
depth of approximately 7 feet below the bottom of these pits. The
excavation would then proceed laterally as a drift until the axcavation

reaches the extreme edge of the electrical penetration area.

4, Install jacked caissons at this location utilizing the electrical
penetration rocms foundation as the reaction. The jacked zaisson

meciiod nas been selected for the following reasons:
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So

b.

d.

It will be possible to jack through loose sands and soft clays
without excavating material from within the caisson thus preventing
loss of ground from under the electrical penetration rocms, turbine
building and buttress access shaft.

It is known that there are sizable concrete obstructions in the
backfil]l area which will be encountered by the caissons. A caisson

provides man-size working room for demolition of the concrete

obstructions.

Likewise, the man-size vorking room of the caisson will permit
direct excavation of highly compacted sands and/or clay as well as

the glacial till (caissons penetrate the glacial t1il) 2 minimum of

feet),

The caisson provides access for direct visual inspectiocn of “he
glacial till for the initial determination of bearing capacity
(final bearing capacity is by load test).

Concrete the caisson and lcad test same.

“
.

Load test one caisson under esch electrical penetration =com at

2.0 times design capacity.
Load test each caisson individually at 1.5 times design capacity.

Load test all caissons as a group at 1.0 times design capacity or

1/b" of vertical structure aWvement, whichever occurs “irst,

Upon completion of any tests the caissons are to ve lefs ia a

srestiressed state to prevent any settlement,
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6.

10

Install support of excavaticn system alcng the turbine building Zoundation
wall and connect it %o the access shaft and the jacked caissons. The
Jacked caissons which were previously installed under the electrical
penetration rooms will temporarily act as suppert of excavation for the
excavation under the isoclation valve pit. The containmert structure

and the buttress access shaft form the remainder of the excavation

esoclosure under the isclation valve pit,

The support of excavation system along the turbine wall foundation will

also act to:

a2, Support the temporary additional lcad imposed on the foundation
vall by the needle beams which support the isolation valve pit
at the surface.

b, Support the turbine building vertical lcads within the zone of

influence of the excavation under the Lsolation valve pit.

Excavate all material from underneath the isolation valve pits %o a

depth at which undisturbed glacial tlll is encountered.

Fill the excavation under the isolation valve pits with lean concrete

backfill to vithin 7 feet of the existing foundation.

Place structural concrete in the drift under the i{solation valve pits
and the access area used for installation of caissons underneath the

electrical penetration rocms.

Dry pack and transfer (soclation valve pit lcad to the lLean concrate

bacikfill.



3.0

The design of the caisson is based upon a very conservative caissen tip
pressure of 25 kips per square foot (KSF) for straight sided caissons.

This provides a tip load intensity of approximately one-tenth that normally
assoclated with jacked piling, and will uriag the long term settlement into
line with expected settlements of the balance of the auxiliary building.
The bearing strata pressure is limited to 20 KSF for straight sided caisscn.
If the bottom of the jacked caissons are belled in the glacial till, the
design tip pressure is reduced to 17.7 KSF. The bearing strata pressure

associated with belled caisscns is not relevant., The steel shells for the
Jacked caissons are neglected in calculating the structural capacity of the

caisson.

The bearing pressure on the glacial till below the isclation valve pit
{s only nominally increased by the substitution of concrete for earthen
£41l.

3.7 Liguefaction Potantial

Figure 34 presents a summary of the predominant [ill condition (material
type and density) below various category I structures supported on zlant
area fill. The figure shows the 111 under all category I structures
supportad cn plant f1ill consists of both sand and zlay except for the
Yorated water and diesel fuel tanks where She £ill is oredominantly clay.
Liguefacticn evaluaticns were made Ior the auxiliary suilding-coatrol
“ower ares, auxillary duildingerailroud vay and the diesel generator

building. o liquefaction analyses were made or other areas., The
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liguefaction evaluation was based on axperience at sites where ligue-
faction 3id or did aot occur and access to pertinent information regarding
earthquake magnitude, distance from the source, ground surface acceleration

were either inown or possible to estimate.

Figure 35 is a plot of the cyclic shear stress ratio causing ligquefaction
versus the standard penetration blowcount corrected to an equivalent over-
burden pressure of 2,000 pounds per square foot. The figure correlates the
shear stress causing liquefaction in the field and the penetration resistance
or the zand. Utilizing this figure, i the standard senetration resistance
is #oown at a certain site along with cther pertinent information regarding
the soil column, the structure and zround surface acceleration, a poiat can
be plotted on this graph. The aorizontal ccordinate of this poiat will be
the :tandard penetration resistance after correcticn %0 an 2quivalent
overburden pressure of 2,00C psf and the vertical coordinate will be the

shear stress ratic induced during the 2arthquake. I° the point falls below

the line, this will indicate liquefaction would not oczur. Cn the other
hand, if the point plots above the line, this would iandicate that ligue-

faction is possible. This can be :llustrated in %erms of “acter safaty as

follows.

~rs . 4
Tactor of safety = = eLic shear stress causing liguefaction
uced cyclic shear stress

The liquefaction evaluation was based on ground water %able at elevation 527
and ground surface acceleratica of 0.122 and d4id account “or surcharge Jrem
the stracture., It i3 noted that Jigure 25 is based on 3jata for maznitude
T.5 2arthquake which constitutes 1 very conservative basis “or svaluation

of ijuefaction at {idland.
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Jtilizing this {aformation the line representing a safety factor of 1.5

has been calculated and superimposed upon the standard penetration hlow-
count versus depth for the nortiwest and northeast areas of the diesel
generator building as shown in Figure 36 and 37. The figure alsc shows

the line representing a factor of safety of 1.1. It is seen from Figure

36 that a good number of the standard pemetration blowecounts are less

than those required for the acceptable factor safety of 1.5. 3Zvaluation

of the sands in the northwest area of the building indicates that scme of
these lcose sands may be connected. Figure 37 shows that the great majority
of the penetration tests indicate a safety factor well !n excess of 1.5

L 4

with the exception of three cases below 1.35.

Figure 38 {s a siailar plot for the auxiliary building railroad bay showing

that all except 3 few of the standard penetrations values are well in axcess

of the required safety factor of 1.5. Some blowecounts in borings AX-1

and AX-10 between elevations (513-623) show a factor of safety slizhtly
below 1.5, but these occur within a limited thickness and the neighboring
boring aX-2 indicate auch aigher factors of safety within the same depth
range.

Figure 39A illustrates that the standard penetration blowcounts from bYoring
AX=3, AX-6 and AX-18 under the control tower indicate a factor of safety

in excess of the required 1.5 in all cases., PFigures 398, C and D show the
relationship between standard penetration resistance, relative density, and
effective overburden pressure for the three areas indicated.

In conclusion, liguefaction analyses show “hat there could be a ~iguefaction
problaem at the iiesel generator building. Zorings alsc indicate Liquefaction
is very unlikely in the railroad bay and that there is no liguefaction srob-

iem in the control tower ares.
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In order %o eliminate liguefaction questions anywnere at the site in Midland,
a general dewatering scheme nas been adopted. In this scheme the zround
water table will be lowered to the approximate elevation of 500.

Settlement Due To Zarthquake Shaking

With elimination of liguefacticn potential the remaining factor to ve
considered in settlement of sand due to ground shaking. Analysis was con-
ducted on the basis of studies by Seed and Silver (1372) and Finn and Byrne
(1375) waich considered relative demsity, number of earthquake cycles,
Zround surface acceleration level, thickness of the sand, =ffects of =multi-
directional zhaking, and the presence of the structures. Relative density
was evaluated on the basis of 3ibbs and Holtz relationships. The number

of earthquake cycles were takem as 10 in the Seed and Silver anmalysis. Finn
and Byrne analysis was vased on the recorded ZIl-Centro earthquake. Acceler-
ation level was taken as 0.12g for the SSE and 0.06g Zor the CBE. Thickness
of the sands were based on the soil borings. Multi-directional shaking
affects were counted for the muliiplying the calculated uni-directicnal
gettlements by a factor of 2.5. The structure was accounted for as {2

it was 2 aniform surcharge.

Preliminary analysis based on these parameters indicated a cettlement
range of j inca %o 1 inch for the diesel generator building area, I% is
noted that these astimates ire conservative since they ‘an tased on the
assumpticn *hat the sand i{s dry. 32cause the zand will be =wist, tae
resence of capillary forze will reduce actual szettlements Jelow those

credictad.



3.3 Dewatering

Tlgure 40 iz a Plan View cf irea Dewatering 3ystem. The soil as descrided
before by others generslly consists of sand and or clay £11l placed on the
original sand or clay strata. The original sand generslly extends from
elevation 570 to alevation 600 with clay beneath the sand - thouzh in a few
areas the underlyiny clay extends to the origimal sround surface.

The present ground water level is about elevation 527 - the cooling zond
~evel,

As part of the original dike construction, an impervicus cutoff wall has

been installed arcund the West, Jorth and East sides of the area. The cut-
off wall, a slurry trench or clay core, extends into the original clay =ill.
The sources of recharge for ground water within the § listed area are raine

fall and the cooling pond water from the South side of the area.

The coefficient of permeability of the socil as determined from the initial
pumping test conducted in Auxiliary Building area is less than 0.007 feet
per minute. Additionmal data about the jermeability of the soil and %otal
7ield will be obtained during temporary dewatering of she Valive 2i%s and
Zlectrical Penetration Rooms. Also there are considermble grain size
data available r;-on the extensive boring program that has been carried

out at the site.

The present conception {s to enclose the § listed arsa with a jermanent

extarior dewatering systeam., The devatering system would sonsias of
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Tigure 41 is 2 northescuth sectica throuza the area to de devatared. The
deepwells would extend to the original clay till, they would te spaced close
enoush to cut off the flow of wvater into and remove the watar from within

the § listed area.

Tigure 42 indicates that the dewatering system would be buried below the
frost depth. The necessary disconnecticns would be provided to permit
sereening the deepwells, In area of heavy traffic a zanhole would be

srovided for access %o the Jdeepwells.

The capacities of the well screens (5" diameter) are conaiderably in

excess of the anticipated sgquilibrium flow of 1 to 10 pm per well,

The well screen diameter, 5 inches, is necessary to provide the

clearence required for the submersitle pump.

The well screens would axtand the full depth of the soil to be dewatared

and they would be encased in a select sand filter for sheir full depths.

Flsure 43 shows that for areas where there (s no objecticn %o having a
alizat srotrusion above the zround surface, »itless adaptors would e
used to provide access to the wells and pumps instead of manholes.

Tlaare 44 is a sketch of an interior permanent deepwell. 3Smaller dlametar
wells would De used %0 remove the wvater perched within “he ; listed ares,

These vells 'ould “2 jumped initially and occasionally t“herefore as required.



4.0 ANALYTICAL INVESTIGATION

The following is a brief overview of:

L.l Structural Investigatiocn

4.2 Seismic Analysis

k.3 Structural Adequacy With Respect to PSAR, FSAR, Etec

Structural analysis is defined as static analysis when the variocus lcadings
are applied to the structure as static loads and then the design forces are
determined for sizing reinforci{ag steel. Whereas, seismic analysis {s de=

fined as the dynamic analysis that is used to determine structural respcense,

Figure 45 shows the various items that were reviewed in the structural
investigaticn. For the diesel generator building, the original desiam
was governed by tornado missile impact and a 3 psi vacuum loading. The
seisnmic response for this structure was relatively s.all. As an indica-
tion, the calculated shear stress in the east-west direction was 40 psi

and 25 psi in the northe-scuth direction.

The new analyses that are being performed vill involve using a finite
element model to investigate the variable foundaticn properties. Up %o
now, the maximum cracking observed in this strusture has been approximately
30 mils and this occurred in the short walls from the vertical duct bank

icadings during construction.

The structural investigation of the service water pump structure revealed
the following: The origipal design for this structure was zoverned by

tornade missile impact and the 3 psl vacuum lcading. Seismic response wvas
relatively low with a caiculated shear stress in the major walls of abcut

20 psi.

The nev analyses that will be used »r this structure will involve



L.0

conventicnal techniques considering the walls and slabs with the piling
that will be used to support the portion of the structure on top of fill.
Cracking in this structure tc date has not exceeded 20 mils. This cracking
occurred in the walls and the mof. Up to now there has been no detectable

settlement for this structure.

The structural investigation of the auxiliary bduilding penetration areas
revealed the following: The original design was govermed by the safe shut-
down earthquake and the pipe break. The original, analysis was conservative
since it was based on a system of beams and columns %o simulate the large
walls and floors. As far as the seismic response, the structure was near
caracity using this original model. A new apalysis is being performed which
will involve a finite element analysis of the structure, this will inciude
the caissons which will be used for end support. In this structure the
cracking as measured to date has not exceeded 15 mils. This has occurred

in the walls and there has been no detectable settlement.

For a review of the seismic analyses, refer to Figure 46. A general review
is as foilcws: The ground respcnse spectra is presented in the FSAR and
this is based on an OBE of .06 g's and an SSE of ..2 g's. Stick =mass models
with foundation springs were used. Material damping values are presented
in the FSAF; modal damping was limited %o 10% except for rigid bedy modes.
The analysis technique used both the response spectrurm and the time hi tary

ngtb.ods .

cr the diesel generater building the criginal analysis used 2 shear wave
velocity of 1,3€0 fps. One analysis was performed and equipment resronse

spectra was widened by + 15 percent. A new analysis has been completed usiag
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The next type of load, but of lesser severity, would be seismic inertia

load, however, these are of a short duration.

The third type of load of lesser severity would be missile impact or

pipe rupture loads. These types of loads have a limited energy input.

The next clas=ification of lcad would involve what is known as secondary
loads. This v: = is quite common in ASME codes. This type of load merely
results in strain. They can result from internal self-constraint. As

an example, il a pressure vessel has the bottom restrained, bending mcments
would develot which would be seccndarr in nature because they are due %o

internal self-constraint.

Seismic displacements in piping systems would be of a secondary nature since
different support points would only move a set amount relative to each cther

and induce strain. FHowever, these tyves of loads can be cyclic in nature.

Another type of secondary load would be a thermal load, such as a thermal

gradient through a wall. This type of load is alsc cyelic.

Settlement is the least effective type of seccondary loading because it
primarily has caly one/half cycle of load with a limited input. Settlement
is similar %o forming materials which are also half cycle. Forming is used
for manufacturing pressure vessels and steel piping. Pipes are roll to a
particular share. They exceed yield in this process, however, due %o the
low strain rates relative tc ultimate, there is an undetectable reducticn
in the ultimate strength. It is also common to form reinforcing steel.

As an example, in reinforced containments the majcor hoor bars are dent %o
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shape and this involves a yielding of the steel. This also does not lead
to any d-t.:tably reduction in strength and, of course, hooks are commonly

used in reinforcing steel.

Figure 49 shows a summary of the Midland design criteria. The first
category is vhat is in the FSAR. The first is primarily deed and live
load, the second combines the small earthquake with live and dead, the
third combines live and dead load plus wind, and the fourth combination
involves dead load, live load plus the safe shutdown earthquake. The final

load combinaticn is dead load and live load and the tornado loading.

After discovering the settlement problems on the diesel generator building
at the Midland jobsite, it was decided to add some acdditicnal criteria. As
a reference, ACI 313-197T was used and it should be noted that in this code
they recognized the fact that settlement only affects serviceability. This
means it would induce some additional cracking, which if then expcsed = a
corrosive environment, could result in corrosion of reinforecing steel.
Therefore, in ANI, settlement loads are only combined with normal operating
type of loads such as live load and dead load. Using this as a base, the
additicnal criteria shown in Figu a 49 were created. The first combination
involves dead losd, live lcad and settlement. The second combinatior son-
siders 1.4 x dead load plus 1.4 x settlement. These are based on service-

-

ability.

Since the design wind and the small earthquake are postulated .> occur more
than cnce at the site, two lcad combinations have alsc been added as shown which
include live load, dead load, settlement and either design wind or <he orp-

arating basis ear<thquake.



k.0

In summary, either the source of locad has been removed, or additicnal
supports have been added for the variocus structures that are founded
fully or partially on f111 at the jobsite. Fcr the diesel generator
building, the duct banks have been cut loose, removing the source that
caused the cracking. The service water pump structure will be supported
by adding piling. In the auxiliary building electrical penetration areas,
caissons will be added. So again, either the source cf load has been re-

moved or additional support has been supplied.

With respect to the significance of what has happened to date, the cracking
only affects serviceability, cracks over 15 mils will be sealed in

the future. As far as present and future actions are concerned, new
seismic analyses are being performed and new static analyses checking *the
structural design will also be performed. For the diesel generator
building, the building will be analyzed for variable foundation conditionms.
This will De the only buildizs that will involve applying the additional

criteria since variable foundation properties will be investigated.

In conclusion, the structures are box type, reinforced concrete, with high
strength and good ductility. I i{t were not for the diesel generator
building settlement the concrete cracking of the structures would probably
not be of any concern, since all reinforced concrete structures do crack
under service, and that is the r=ason why reinforcing steel i{s used. Wwith
the original FSAR criteria, and the additional criteria, together with the
aodifications, the structures will be zble to safely resist all normal tyve

of loads and postulated events.
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4.4 Soils Summary

The diesel generator building settlement noted in August of 1375 was

larger than expected. An exploration program was initiated %o iavestizate
the seat of the settlement and Ors. Feck and Hendron were consulted to
discuss the evaluations and corrective actions required. 2ased on the
axploration and the consultants recommendations it was decided to surcharge
the buildinz and surrounding ares with a load exceeding the operating load.
Iastrumentation wvas installed to evaluate rate of soil comsclidation and
settlements of the structure and supporting soils. The jrelcad was ccm-

sleted to a neignt of 20 feet {a April 1373.

Tlsures 30 through 53 illustrate locations cf the various instruments
associated wiih the preload program. Fizure 50 shows the locaticns of
building survey settlement markers and pedestal settlement -ods. Figure

71 shows the location of surface settlement plates and bHorros anchors
installed ir the fi1l primarily at three different elevations to monitor
the acvement of the scil as a result of the surcharge. The £igure also
shows locations of 4 deep (elev 535) borros inchors installed for use as
reference points for the precise measurements during secondary compressicn
where the movement has subsided toc a very small rate, Figure 32 illustrates
locations of piezometers installed primarily at three different elevaticns
celow the building to monitor the dissipation of pore water pressure during
consolidation. Figure 53 illustrates the locations of Scndex instrments
intended for measuring scil rebound in order to estimate the medulus of

elasticily bYelow the building to che~k the range used in dymamic analysis.
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Flzure 54 illustrates typical results of the settlement and nore water
measurements for the duildinz., It is seen that within a shors time ater
the completion of the surcharge the settlements of both the s0il and the
building has subsided to a very low rate and the plezomater water levels
nave declined significantly. At present the piezometers indicate approxe-
imately the same water level as the general zround water level (elev 527).

This indicates essentially total dissipation of pore water pressure.

A preliminary plot of the building settlement during secopriary compression
tased on survey measurements indicates that the residual settlement of the

building should be less than 1.5 inches during its serrice life.

The exploration prosram Selow the diesel semerator building aas indicated
that the fil1 i3 quit. variable both in the material type and quality.
Therefore, additional explorations were made in the remalning nlant site £
%0 evaluate {ts conditicn. The expanded exploration program indicated that
although there was no settlement elsewhere, there were certain areas that
the 2111 was of a quality requiring corrective action of the stricture
iavelved. These areas are the a'xiliary building, electrical penetration
rcoms, valve pits, and the fill supported portion of the service water

structure.

Tigures 55 and 56 summarize the 111 %ype (sand clay) below the strictures
and the planned remedial measures Jor the various structures supported on

2lant area,

Zicuefaction avaluations based on judlished axperience at sises where lizue-

faction did or did a0t occur showed that {3 sertain areas ¢f the zand 2%,
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under the zaximum jround water level of elevatica 527 and the 33 of 02.123,
the factor of safoty was _ess than the acceptavle value of 1.5, These

areasg are ;rimarily ic the diesel zenerator vuildins.

As a result of these savaluations consideration was ziven to groutiag of the
sands and also to permanent area dewatering. The latter approach of de-

watering was sroven =wost beneficial in that it could be monitored simply.

Settlements of the sands following an 33E event would de on the order of 3

%0 1 inch in the area of the diesel generator building.

Rezarding the subject of estimated . ttlements for zlant structures supported
on fill, these settlements will be re-evaluated itilizing the following

information:

. Settlement of the own weight of the £111 based on borwos ancaors
installed in areas where no structures are involved

2. Measurements on existinz structures and foundations

3. Soil boring information

4. Laboratory test information

3. Diesel Generator Building surcharge axperience

These analyses will account for additional induced settlements due to
dewvatering. These esvaluations will be made and reported in the FSAR as

sart of the current committment,
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CONSULTANT'S STATEMENT (Dr R B Peck)

I have been a consultant to Bechtel on the Midland Project, together
with Professor A J Hendron, beginning shortly after the settlements
were noted in the Diesel Generator Building. I speak for myself and,
I hope, for Professor Hendron, who is unable tc be here because he is
out of the country. I will not discuss anything that you have not
already heard this morming. It is my intention, however, to review
the proposed remedial measures and to emphasize those aspects that,
in my judgment, are of greatest importance,

The investigations at the Diesel Generator Building rather quickly
showed that the seat of settlement was in the clay £ill underlying
the structure. They also showed that the clay i1l was extremely
variable with respect to its density, its water content, and even its
composition., Murthermore, the investigations showed that it would be
feasible to surcharge the area in such a way as to stress the subsoil
of the structure to levels exceeding the final stresses that would

exist under operating conditions.

After consideraticn of a number o alternatives, it was decided %o
prestress the subsoil by means of a surcharge. In my view, this
procedure had several important advantages. One of these is the oppor-
tunity to provide instrumentation, principally piezometers and subsur-
face settlenment gages, that could furnish data permitting a reliable
upper-bound settlement forecast. Furthermore, the procedure auto-
zatically srooftested the subsoil with resvect %o its Suture settle-

mnent behavior. Therefore there would be no need, in determining the



5.0

acceotability of the foundation, to depend on the results of additicnal
borings, samples, compaction tests, or other similar activities. 3uch
tests would be likely tc prove inconclusive on account of the hetero-
Zeneity of the f11l material, but they would also be irrevelant in view
of the knowledge of the actual behavior.

The rerilts of the preload nrocedure have been convincing. The observed
pore oressures were small, smaller than actually anticipated, and they
dissivated razidly. Hence, primary consolidation was accomplished
quickly and the curve of settlement as a function of the logarithm of
time became linear shortly after the completicn of pnlacement of the fill.
Therefore, it is possible to forecast the settlement that would occur at
any futu.'e time by simple extravolation, on the assumption that the sur-
charge will rﬁnin in place. GZven this amount ¢f settlement would de
acceptable, However, the projected settlement determined on this basis
is an upper bound, because the surcharge will be remcved and the real
settlements will certainly bYe smaller., In my judgment, the foregoing
circumstances eliminate any uncertainties concerning the settlement
behavior of the Diasel Cenerator Building resulting from the underlying

clay f£111.

The investigation at the Diesel Generator Building also showed, however,
the oresence of zones of sand, including scme portions that were loose.,
This finding indicated a votential for liquefaction under severe earth-
quakes, and the possibility of settlement originating in the sands due

to shakedown under seismic conditions., The surcharge weuld, of course,

be ineffective to remedy this ccondition.
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Cf the various possible remedial measures, grouting, prcbavly using
chemicals, would, in my Jjudgment, be feasible. Nevertheless, it

would be difficult to be assured that all injected materials had been
successfully treated, or that all loose zones had actually been injected.
Thus, chemical grouting would at best be a piecemeal solution. It would
be difficult to give a positive answer to the cquesticn whether all

significant zcnes that might liquefy had been identified and treated.

The chosen alternative to grouting is general permanent dewatering of
a large portion of the plant site. This solution has the advantage of
being a positive solution to the ligquefacticn oroblem, Therefore, it
provides positive answers to such questions as those just mentioned.
The solution has the further advantage that it can be meonitored effec-
tively by simple procedures, primarily by the use of piezometers. In
my view, one of the greatest advantages of general dewatering is the
margin of safety inherent in the time lag that would be required for
recharge of the dewatered zone if the pumps should cease to cperate.
That is, the beneficial effects of the dewatering would persist Zor a
period on the order of weeks after pumping might be interrupted, Failure
of the pumping system because of an earthquake would, therefore, not

destroy the protection achieved by the dewatering.

In addition to being a positive solution to the liquefaction prcblem,
wherever any such problem might exist in the dewatered area of the
plant site, the drainage will reduce substantially any settlements
that amight be induced by compaction of the sands during an earthquake.

The present methods of estimating settlements due to seismic shakedown



are overconservative, because they are based on the results of laboratory
tests on dry sands, Zven the settlements estimated his basis would
De acceptable., However the presence of capillary moisture

would greatly reduce the freedom of the sand grains to assume a denser
position during vibration. Therefore, I consider that dewatering will

essentially eliminate any potential prcblems of seismic shakedown.

The continuing investigations of the plant area indicated other poten-

tial trouble areas. In my view, ] ones have now
been adequately d

“ne such area is the location o' the Borated Water Tanks.

these tanks the investigations have indicated hetter and

subsurface conditicns than beneath the Diesel Generator 3uilding.

oropcsed to f£1ill the tank with water as a test
tute full-scale proof tests with respect ¢ bearing cavacity
ubsoil., It is anticipated that the tanks

load, and this settlement will increase the bearing capacity.

lermore, by making settlement observations at various den
during and after the test
tion with stress calculations and

nto account the actual

Jlectrical Penetrati
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results irrespective of the nature of the £ill materials that may
presently underlie these structures. The operations are expedient, in
the sense that they are compatible with the general construction sched-
ule. The nine caissons under each of the Zlectrical Penetration wings
will be tested individually to 150 percent of the anticipated loading,
and collectively to 100 percent of the anticipated working load. The
latter orocedure, in which all nine caisscns are loaded simultanecusly,
constitutes a proof lcading that will eliminate any doubts ccncerning
the ability of the underpinning to support the structure without sig-

nificant settlement,

The Diesel Muel Tanks are buried structures that have already been sub-
Jjected to a full-scale loading by £i1lling them with water. The settle-
ments under these test conditions were minimal. Whatever setilement

of the tanks may occur will be associated primarily with settlement

of the underlying and surrounding fill under its own weight, Since

the tanks will be settling with fill, tbhe differential movements between
the tanks and the surrounding soil and piping will be minimal, and the
connections can be axpected to settle approximately equally with the
tanks. Therefore, I do not consider that any unusual conditions exist
with respect to the Diesel Fuel Tanks, and that attention to details

providing reascnable flexibility will satisfy all requirements.

The Service Water Structure lies cutside the area of planned sermanent
dewatering. Therefore the wing oresently supported by fill will he

picked up by a system of piles. The drcposed procedure srovides



positive support. The piles are
loads at their buckling strength effactive even

in the event of liquefaction of the surrounding soil. Since these
-

piles are not clustered in suck a way as to stress highly a large

mass of the bearing material, as in the case of the caissons proposed
for the El1 ic: netrations of the Auxiliary Building, chey are no

1l be loaded individually

rocegure

ny overall Iimpressions and conclusions concerning

medial measures are as follows: The investigation

oroceeded in a orogressive fashion. Like most investigations
has not always proceeded in a straightforward way,

appropriately pursued various approaches. Although it

some respects, I id that it has now discle

significant conditicns and potential problems associated with

ndation conditi f the site, As a result

>f solutions has evolved. Each salution is
conditions and problems of a particular part of the
the votential for quefaction has been eliminated

and many potential uncertainties have heen elimi

loading or proof testing where such orocedurss
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Finally, the oroposed sclutions do not require unreascrnable mainte-
nance or monitoring during the lifetime of the plant, and can therefore

be adopted with confidence.
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SCHEDULE

Tigures 57 through 50 show the schedules of the four major remedial
activities. The work on bearing piles for the Service Water Pump
structure (Figure 57) will commence as scon as the administrative
activities were completed, probably this fall, and should be ccmpleted
sometime in early 1980. 3Since this is an independent activity it is
expected to have no impact on the overall project schedule.

Figure 38 covering the Unit 1 and 2 Auxiliary 3uilding Slectrical
Penetration areas and the Unit 1 and 2 Feedwater Isclation Valve Pits
indicates that this work should complete about mid 1580; however, :he
actual schedule would probably extend 2-3 months beyond the dates
shown. Again this is a separate activity and would not have an impact
sn the overall project schedule; however, it should be noted that this
work would probably cause scme additional work for construction due %o
congestion in the areas where other activities were taking place. It
is not expected to be a major problem.

Tigure 39 shows the borated water storage tanks activities however,
this is a method of completing this activity and may aot ve the final
method. This particular method includes a temporary cross tie between
the two borated water storage tanks (Unit 1 and Unit 2) and would
take until mid 1981 for final completion. This may be the most
critical schedule activity as far as the overall project schedule is
concerned, in that flushing activities and testing activities are
taking place in the same time frame as the prelcad. After further
evaluation, this schedule may be modified somewhat.

Figure 60 shows the permanent plant dewatering system. We had previously
informed the NRC that because of the prelcading activities there could be
an overall impact of two months on the project schedule. At this time,
because of a revised testing philosphy, the Unit 1 and 2 Diesel Generator
turnovers need not take place until llovember >f 1280 and August »f 1980
respectively. This actually allcws scme float time in the schedule.
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Approximately six months had been allocated in the schedule Zor
dewatering the power dlock area to the design depth and about three
months had been allowed after that time Ior recharge rate testing.
This would allow all activities to complete prior to Unit 2 fuel ic2d.
and again, would not impact the overall project schedule. The major
problem being that of site congesticn and interference with other
site activities. This is a construction protlem and cne that does
not seem to be a major sbstacle at this time.



CAUSE TIVESTIGATICN

The investigzation into the cause of insufficient compaction of plant
area fill was made by 3echtel using a problem analysis technique
known as the Kepler-Tregoe (K-T) method. This appreach involved the
fcllowing steps and is shown on Figures 51 through T1.

(1) Identify deviation, in this case insufficiently
compacted plant area fill.

(2) Develop criteria for determining in which plant
area fill the deviation exists.

(3) Identify distinctions and changes which might
have caused the deviation considering the

Jject of the deviation, where it cccurred,

time factors, and the extent.

(4) Develop list of possible causes using all
distincticns and changes.

(5) Test possible causes far most probable causes.

It should be noted that although all areas were included in the
investigation where deviations were identified oy the socils in-
vestigation, scme deviations were thought to be insufficient %o
require corrective actions. Two examples of such arees are the
torated water tank area and the auwxiliary building railroad bay.
In these areas the compacted fill is adequate despite some

indications of localized iasufficiently compacted material.

Seventeen distinctions or changes were found to have sccurred waich
eould have been possible causes and these have all been evaluated.
Specifications, first identified as a possible cause, were not included
in the most probable cause list because it was felt upon evauluation
that variances from the PSAR and FSAR and the varicus relatively

ainor inconsistencies could not have been a cause of the problem

under investigation. The investigatiocn is still under way intc

scils testing methods, equipment, results, retests, reviews, and
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evaluations, since these were found to have contributed to the cause.

The five most probable causes remmining after evaluating the possible
causes are,not necessarily in order of importance:

(1)

(2)

(3)

(%)

(5)

Lift thickness/compactive effort. Recent tests

have shown that lift thicknesses in some cases
exceeded the capability of equipment being used,
verifying that equipment was not adequately

qualified in all cases.

Compaction equipment/qualification. Same comments

as for (1) apply.

Test procedures and results. This included repre-
sentativeness of tests, »rocedures for compariscn with
standard proctor specimens, procedures for taking soil
tests within a 1ift, calculation of relative density,
and use of nuclear densimeter.

Inspection procedures. This included the use of a
surveillance type program in the power block area

for at least part of the time.

Reliance on test results. This included construction's
reliance on test results for gualification of equipment
during the work and for acceptance of the work by Ccn-
structicn and Quality Control personnel.

Personnel were not included as a most probable cause because a review
of gqualifications and experience of both Bechtel and U, 3. Testing
perscnnel had shown presence of sufficient education, experience,

and training to carry out the tasks assigned.
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8.1

ASPECTS

Corrective Acticns

This section discusses the QA/QC aspects including the probable
causes identvified and the corrective action taken and/or to be
taken. The possible and most probable causes were discussed ‘n
Section 7.0. The matrix found on page 2 (Most Probable Causes per

K-T Analysis) indicates the corrective action taken or %o be taken.

The deficiencies and items of concern from the 30.54(7) Report and

the IE Inspectiocn Reports T8-12, 78-20 and 79-10 and corrective

action taken or to be taken are provided in two matrices and a

table. f’.}ericiencv Description (Items of Concern)," "Corrective
Action Status for Deficiency Description (Items of Concern)" and
"Corrective Actions on a Jeneric Pasis."”/ These are found on Pages

“, 6 and 11, respectively. The first of these matrices is a cross-
reference showing the specific item of concern in IT Inspection Reports
and in 50.54(f). The second matrix shows the status of action based
upon 50.54(f) answers to date for Items 1 through 13. The second
matrix also shows status of action on Items 14 through 13. A plan view
>f the Tank Farm (Tank Farm Boring Plan) is provided on Page 12 %o aid
in locating test and inspection pits, air bubbles mapped, borings com-

pleted and borings proposed.



“frewm
No

Possible Causes Per K-T Analysis

Most Probable Causes Per K-T Analysis T8/ 9

Lift Thickness/Compactive Effort and
Compaction Equipment/Qualification

Testing Procedures & Results

a.

b.

C.

Methods

Equipment

Results/Reports

Corrective Action

Onsite geotechnical s0lls engineer at the site. Also,
gevtechnical soils engineer from the Geo-Tech Dept in home
office to give techunical direction.

Specification C-211 has been revised such that the uncompacted
1ift thickness of the backfill material shall be determined by
the onsite geotechnical soils engineer after evaluation of the
proposed compaction equipment. However, in no case shall the
uncompacted 1ift thickuess exceed 8" for heavy self-propelled
equipment and " for hand operated eouipwent. This specifica-
Lion has also been revised to read, "The onsite geotechnical
soils engineer shall verify that the equipment used for com-
pacting the Lackfill materiels be capable of obtaining the
desired results and obtaining the same acceptable compaction
effort achieved in the test pad area.” This verification shall

o

include, but not be limited to, the following: number of passes,
speed, revolutions per minute (frequency), overlap per pass, 11ft

thickness requirements and uniformity,

Specification C-211 states, "Selection and approval of all the
proposed couwpaction equipment shall be on the basis of demon-
Strated abllity to accomplish adequate compaction without

damage to, or overstressing of, the adjacent structural
members" .

Specification C-211 1s revised such that Proctors are made with
every field density test.

The nuclear densometer will not be used.

The onslte geotechnical soils engineer will review and upprove
each soil test report. This will include, but not be limited
to, gradation, moilsture and density tests. US Testing will be
checking all ficld density tests for cohesive material against
a zero-alr-volds curve. Any fleld test result which plots on
or to the right of the zero-air-volds curve shall be regarded
as suspect and cause for retest. The onsite geotechnical

s0ils engineer shall determine all density test locations.



Possible Causes Per K-1 ’\lx-lf;!al::

Helests

Keviews/Evaluations

Personnel

Inspection Proc edures and

Reliance on Test Results

Different

Placement

Inspection Methods

Methods

l-vllt\‘!vu A_Ellnn!)

All material represented by failing tests is to be re-worked
until the specified density and/or moisture is obtained. No
material will be placed on any known failing waterial uncil

satisfactory tests are obtained.

See ltem ¢ above.

onsite geotechnical solils engineer and a part-time Geo-Tech
solls engluecer have been addec at the site. 'The onsite geo-
technlical solls engineer coordinates with craft superinten-
dents and notifies QC of selected areas to be backfilled,
monltors subgrade qual ity and preparation, calling for testing
s required. le evaluates size of fill area to determine
testing frequency, monitors material and 1ift thickness
placement, Calis for tests in borrow areas for cohesive fill.
Monitors compaction process including moisture control for
clay. Calls for tests at proper frequency and designates
location. Works with craft superintendents and QC to obtain
effective remedial action on failing tests. The geotechnical
solls engineer provides overview and inputs technical assis-

Ltance as required,

The Project Quality Control Instruction has been revized to
include a dally soll placement report which is used for each
area where solls work is belng performed. This report lancludes
sketch showing areas of soll placement, identification of equlip-
ment belng used, identification of supporting personnel, record-
ing 11ft thickness measurements which are representative of the
f11l belng placed, compactive effort used, location by grid
coordinates and elevation cf all tests taken and testing

frequencles, types of material placed (cohesive/cohesionless).
A Quality Control Engineer will be assigned 100X of his time to
soll placement, Consumers Power Company will perform over-

inspection on a sampling basis of the soll placements.

Also see ltem 2.f, above,

See ltem 1 above,




Item
_No

1.

10.

1.

12.

13.

Deficiency Description

(Ttems of Concern)

beficiency Description
(ltems of Concern)

Inconsistency between specifications and
the D&M Report.

Lack of formal revisions of Specs to re-

flect clarification of Spec requirements.

Inconsistency of information within the
FSAR relating to blesel Generator Bldg
f1l1l material and settiement.

Inconsistency between basis for settlement

calcuations for Dlesel Generator Bldg &
design basis.

Inadequate design coordination in the
design of the duct bank.

Insufficient compactive effort used in
backfill operation.

Insufficient technical directfon in the
fleld.

Inadequate Quality Contrel iInspection of
placement of fi1l.

Inadequate soll molsture testing.
Incorrect soll test results.
Inadequate subcontractor test procedures,

Inadequate corrective action for repeti-
tive conditions.

The Bechtel Quality Assurance Audit and
Monitor Program failed to fdentify the
problems relating to the settlement.

Location in
50.54(K)
Page No

(ltem)

I
A

- - -

>

&

1, 3
B (1)

10
B (1)

10 & 11
B (2)

13, 14
B (1)

13, 15
B (2)

13, 13
B (3)

13, 14 & 16
B (4)

21 & 22

B (1)

21 & 22
B (2)

Location
in 78-20

Page No

9, 10, 16,
17

9-14

6-8

20-21

23-24

24-26

25-29

14-16

17-20

17-20

Location
in 78-12
Page No

(Item)
8

7-8
(4)

6-7
3)

10
(8) .

1/ .8/19

C'¢



Location
Deticlency Description in 78-20
(ltems of Concern) Page N¢

Effect of ground water on DGCB settlement 9

unresolved.

Inadequate subgrade preparation after

winter freeze -

(NRC Question No 362.2 on FSAR Section

2:3:8:3:1)

(Cracks In concrete structural wall &
footing in the DG Bldg)

(Air bubbles in Tank Farm Area and lack
of action)

Location
in 78-12
Page No
(Item)

7 10
(34) (8)

Location
in 79-10
Page No
(Para)

.',v'h’)/(‘)




Corrective Actlion Status forx
- o 4 - . -2
i

i
DefTciency Description
i

(Ttems of Concern)

Corrective Action
50. 54(f)
Discussion Itews
located on

Delficlency Description Page No
(Items of Concern) (ltem) Action Status
Inconalstency between specifica- 6-8 e Ihe review of the Dames & Moore Report is com-
tions and the D&M Report. D (1) plete. Specification C-211 revised accordingly.

Resolution of the audit findings on the Design
Requirement Verification Checklist Audit con-
tinues,

Lack of formal revisions of Specs . Generic Corrective Action Engineering Depart-

to reflect clarification of Spec - ) mental Procedure 4.49.1 has been revised to

requirements. incorporate clarifications and ianstructions for
use of Specification Change Notices.

Generic Corrective Action - Reviewing specifica-
tions for specificity completed. Resolution
shortly.

Inconsistency of information within 1 6, 8 Complete review of pertinent portions of the FSAR
the FSAR relating to Diesel Genera C&D (3) Section 2.5 and 3.8 have been completed.
tor Bldg fill material and settle-

ment.

Inconsistency between basis for I - 6-9 . Correct settlement calculations are to be made
sett lement calculations for C&bD (4) subsequent to Diesel CGenerator Bullding sur-
Diesel Generator Bldg and design charge removal.

basls.
o8 Generic Corrective Action - Scheduled audits will

be performed on Geo-Tech section on a six month
basis. The first audit is scheduled for July 27,
1979.

Generlc Corrective Action - Also, audits are
scheduled for each design disciplines calcula
tions on a yearly basis,

Inadequate design coordinacion in - Generic Corrective Action - Drawings have been

the design of the duct bank. reviewed for possible effect of vertical duct bank
restrictions in other areas. Ten areas resolved,
one still In process.




ltem
_No

Deficiency bescription
(ltems of “uncern)

Insufficient compactive effort
used In backfill cperation.

lasuf ic+ent technical direction
I the fleld.

Inadequate Quality Control iInspec-
tion of placement of fiil.

lonadequate soll moisture testing.

Corrective Action
50.54(f)
Discussion Items
Located on

Page No
(lcem)
I - 11
C&D (1)
1 ii, 12
C&b (2)
I - 16, 18-20

C&bD (1), » (5

I - 16-20
C&b (2). (%)

7/18/19

O’

Actior. Status

b.

Re-cvaluation of construction equipment used for
compaction is still im process.

Generic Corrective Action - The review of other
construction specifications and procedures to
identify equipmert requiring qualificacions is
stiil under way.

An cnsite geotechnical s0ils engineer and a Geo-
Tech soils englneer have been &ssigned to the Job,

Generic Corrective Action - Field Procedure
FPG-3.000 has been reviewed to assure clarity
and completeness and found adequate.

Consumers Power Company to implement over-
inspection for soils placement and US Testing
aciivities in the soils area.

Project Quality Control Instruction C-1.02 has
been revised to provide inspecticn rather than
survelllance and to record daily inspection
reports.

Generle Corrective Action - All active PQCI's
have been reviewed for surveillance vs inspection
callouts and are now being evaluated.

Generlc Corrective Action - Bechtel is working
to incorporate sclentific sampling plans for
inspection areas instead of using percentage
sampling (being used now).

Consumers Power Company to implement over-
inspection for soils placement and US Testing
activities in the soil area on a sampling basis.

The use of the nuclear densometer has been dlscon-
tinued.



ltem

10.

11.

12,

Deflclency Description
(Items of Concern)

Incorrect soll test results.

Inadequate subcontractor test
procedures.

Inadequate corrective action
for repetitive conditions.

) -
(B |

]
o

Currectlze ?cllou
50.54(F
Discussion Items

1/18/19

0'g

Located omn
Page No
(ltem) Action Status
I - 17-20 a.

C&b (3), b (5

17-20
D (4), b (5

I - 22
b (1)

The Project Quality Control Instructiom C-1.02
has been revised from surveillance to inspection
of the testing operation.

The in-depth review of soil test results is still
in process.

Generic Corrective Action - The in-depth audit of
US Testing has been completed. Two findings were
a result of this audit. One, administrative
problen by US Testing, the other by Bechtel Sub-
contracts. These audit findings will be closed
prior to soll placement.

Generic Corrective Action - PQCl1's have been
reviewed for adequacy of documentation callouts
and are belng resolved.

Consumers Power Company will implement aa over-
inspection of US Testing activities in the soils
area.

Bechtel has directed US Testing to check all
field density tests for cohesive material against
a zero-alr-voids curve. Any fleld test results
which plots on or to the right of the zero-air-
volds curve shall be regarded as suspect and
cause for re-test.

Bechtel Geo-Tech has re-emphasized to US Testing -
the lmwportance of taking accurate tests.

Generic Corrective Action - An in-depth audit of
US Testing has been completed with ro problems
found in the area of the test procedures.

An in-depth review of the Bichtel Trend Program
Data has been performed by Bechtel QA Management
with no ftems indicating trends found.



Teew
No

12.

13.

14.

5.

16.

17.

18.

Deficiency Description
(items of Concern)

(Contd)

The Bechtel Quality Assurance
Audit and Monitor Program failed
to idenv iy tiwe problems relating
to the sectlement.

Effect of ground water on DGB
setLt lement - uaresolved.

Inadequate subgrade preparation
after winter freeze -

(NKC Question No 362.2 on FSAR
Section 2.5.4.5.1)

(Cracks in cowncrete structural
wall & footing ia the DG Bldg)

(Air bubbles in Tank Farm Area
and lark of action)

Corrective Action
50.54(f)
Discussion ltems
Located on

Page No

o (ltem)

I - 22
c&b(2)

1/18/19

Action Status

b. Training sessions have been held 'm Ann arbor,
Jackson, and Midland site to all Consumers and
Bechtel QA Engineers and auditors to increase
their awareness of the settlement problem and
discuss auditing and monitoring techniques to
increase audit effectiveness.

Same as 12 above.

As discussed 1n the K-T Analysis, the effect of
ground water on the Diesel Generator Bullding
settlement would be insignificant had the compac-
tion of the waterial been to the proper density.

This also has been discussed in the K-T Analysis
and hae been eliminated as a csuse to the Diesel
Generator Building Settlement.

This has been addressed,

This has been sddressed In a previous presentation.

Air bubbles have been mapped as indicated in the
sketch of tne Tank Farm ARea.

An inspection pit has been dug from 628' + to 616" +
in the Tank Farm Area indicated with 3 1in the sketch.
The pit was approximately 20'x20' @ 628' and approzi-
mately 10"'x10" @ 616'. The material from 628' to 624'
was soft wet and disturbed material. The material
from 624' to 622' was a transition area. The waterial
from 622' to 616' was very good hard stiff clay with
sowe sand pockets. There was no evidence of under-
mining from the afr bubbles. The air plpe is approxi-
mately @ elevation 611'. The excavation was dis-
continued due to the adequate material between 622'
£ ARIA".



Deficlency Descripclon
(ltems of Concern)

Corrective Action
50.54(1)
Discussion ltems
Located in
Page No
(ltem)

(Contd)

1/18/19

Action Status

Four borings are proposred in the areas of bubbles
indicated on the sketch. Two of the borings are
located where previous borings were taken during
the solls investigation, to correlate the effect
of the air bubbles. Two asre In progress at this
time.

A new air line has been placed ia the steam tunnel
and the air 1ine in the Tank Farm is no longer in
use.

o'e



The final review and update of the PSAR commitment list
pleted by January 1, 1980.

Review of Engineering Departmental Procedure 4.22 "Preparation and Control o
Analysis Reports"” has been completed and no changes were required.

>f the TSAR is being performed.

A Quality Assurance audit will be made of these three activities.
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3.2 3-List Fill Resumption
The following figures (jages .5 through 1) describe :thcse Consumers
Power prerequisites wnich zust de completed prior to resumption of
3-list backfill. Scme of these prerequisites were refaerenced in =
Inspection Fepc~t 79-10 and are so indicated on these ligures. Iollowing
these figures is a matrix showing the status of corrective action (Pages

20 through 22).



CPCo PREREQUISITES PRIOR TO
- RESUMPTION OF Q-LIST BACKPILL

tem

Neo, _Prerequisites 79-10
1. IDENTIFY CONFLICTS WITHIN FSAR -
2. IDENTIFY INCONSISTENCIES BETWEEN PSAR/ @

AND SPECIFICATIONS OR DRAWINGS

3. IDENTIFY INCONSISTENCIES OR OMISSIONS
WITHIN SPECIFICATIONS

4. RE-EVALUATE CONTINUED USE OF ""RANDOM =
FILL" IN ZONE 2 AREAS

t"‘
® = Localed in Indicated Document G Uous 24 J




CPCo PREREQUISITES PRIOR TO
RESUMPTION OF Q-LIST BACKFILL (Cont.}

item
No.. _Prerequisites | 79-10
8. PROVIDE;

Fiew Dlagram of Necessary Steps for Quality
Contrel and Assurance of Soll Work

Specitie Organization Responsible
Specilic Procedure Used |
Spacific Acceptance Criterla
6. ASSURE THAT ALL ““CLARIFICATIONS'® AND

“INTERPRETATIONS' ARE RESOLVED VIA
OFFICIAL SPECIFICATION CHANGE NOTICES

G oovs o5

® = |Locatad In indicated Document

—————— ———————————————————————

o




CPCo PREREQUISITES PRIOR TO
RESUMPTION OF Q-LIST BACKFILL (Cont.)

item
No. _Prerequisiies 78-10

7. APPOINT SINGLE INDIVIDUAL RESPONSIBLE FOR »
EACH OF THE FOLLOWING:

Directing Construction Aspects of Solls Werk
recting Design Aspecis
Direating Quality Conirol Aspeots
8. INBTITUTE 100% INSPECTION OF S8OILS
PLACEMENT WITH CORRESPONDING INSPECTION

RECORD DOCUMENTATION OF SPECIFIC
CHARACTERISTICS INSPECTED 'N EACH CASE

& — Incstad In Indicatad Nanicosan .

b



CPCo PREREQUISITES PRIOR TO
RESUMPTION CF Q-LIST BACKFILL (Cont.)

Hem

Ne. _Prerequisites 78-10

0. RE-EVA_UATE CAPABILITY OF EQUIPMENT BEING #
USED IN RELATION TO MAXIMUM ALLOWABLE
LIFY THICKNESS AN COMPACTION
REQUIREMENTS

10. RE-EVALUATE APPROPRIATENESS OF CONTINUED
USE OF NUCLEAR DENSOMETER, WITH IT8
MEASUREMENT ACCURACY BEING
QUESTIONABLE RELATIVE TO MOISTURE
CONTENT SPECIFICATION LIMITS OF *‘PLUS OR
MINUS TWO PERCENT OF OPTIMUM"’

® = Locpled In indicated Document G 0ews 27

it




CPCo PREREQUISITES PRIOR TO
RESUMPTION OF Q-LIST BACKFILL (Cont.)

No.. _Prerequisites 79-10

11. RE-EVALUATE SARs, SPECIFICATIONS AND *
PROCEDURES RELATIVE TO THEIR ADEQUACY IN
SPECIFYING:

Points In Process at which Measurements or
Test are 1o be made

Frequencies of these Measurements or Yesls

Conditions under which New Laboratory
Standards Must Be Acquired

12. ASSURE THAT METHOD EXISTS THREE Ed
DIMENSIONAL AND VOLUMETRIC 'FOR
IDENTIFYINQG SPECIFIC LIFTS WHICH ARE
INSPECTED AND TESTED

® = Localed in Indicaled Document G 0ous 28




CPCo PREREQUISITES PRIOR YO
RESUMPTION OF Q-LIST BACKFILL (Cont.)

Ham

MNa. _Prerequisiies 79-10

13. ABSURE NONCONFORMANCE REPORTS ARE o
DISPOSITIONED

14, ASSURE THAT FIELD DENSITY/MOISTURE TEST
THAT PLOT TO RIGHT OF ZERO AIR VOID CURVE
ARE UNDERSTOOD

& = Localed In Indicated Document G Osws 29
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STATUS ATTACHMENT

20
7/18/79

OF 14 PREREQUISITES

Consumers Power Company

[tem Number*

Action(s) and Status

1. Identify a'l conflicts within PSAR,
within the FSAR, or between the
PSAR and the FSAR, and correct
these inconsistencies via official
changes to the appropriate docu-
ments.

I S—

Project Engineering and Geo-Tech performed a
review of subsections FSAR section 2.5 pertain-
ing to backfill operations to eliminate incon-
sistencies, etc.

Project Engineering and Geo-Tech performed a
review of the Dames & Moore Soil Report.

Resolved CPCo-PMO comments on FSAR Section 2.3.
Completed via Rev 7 to Spec C-211.

2., Identify any inconsistencies between
the PSAR/FSAR and the detailed speci-
fications or drawings, and correct
these inconsistencies via official
changes to the appropriate documents.

Resolved CPCo-QA comments on Specifications
C-210 and C-211. Completed via Rev 7 to Spec
C-le.

3. Identify any inconsistencies or
omissions within the specifications
and correct these inconsistencies
via official Specification Change
Nutices.

Same as Item #2 above.

4. Re-evaluate the appropriateness of
the continued use of "random fill"
in Zone 2 areas.

Specification C-211 revised to redefine random
f111 with special emphasis on soils supporting
structure. Completed via REv 7 to Spec C-211.
This will be accomplished through overview by
the onsite geotechnical scils engineer.

5. Provide a flow diagram of the steps
which are needed for the quality
control and assurance of soils work
and assure that for each step there
is a designation as to the specific
organization primarily responsible
for the action; a designation of the
specific procedure to be used; and
a designation of the specific accept-
ance criteria for the step.

A combined flow chart has been prepared illus-
trating the backfill process and the respons-~
ibilities of the cnsite gectechnical scils
engineer, Jec-Tech soils engineer, Soils Quality
Control Engineer and US Testing. This flow chart
has been placed in Field Instruction FIC-1.100
"Q-Listed Soils Placement Job Responsibilities
Matrix".

Q=-listed backfill.

Meeting minutes from the April

24, 1979 Bechtel/CPCo meeting on resumption of

2) Added action items at the April 26, 1979 Diesel Cenerator Task Group Meeting.
(3) JFNewgen letter to TCCooke BCCC-3995 dated May 4, 1979.



.onsumers Power Companvy
[tem Number®

action(s) and Status

\ssure that all larificacions”
and "interpretations"” are resoived
via official Specification

Notices.

‘hange

Engineering Departmental Procedure
4.49.1 has been revised to incor
:ations and iastructions for

tion Change Notices.

Establish a single individual at
the site to be respoasible for
each of the following:

directing the construction aspects
£ the soil work; directing the
lesign aspects; and directing the
jualicy control aspects.

following positions have been established:

ar

>4 m -
1ginee

Their responsibilities
chart described in

L00 percent inspection of
placement with a correspond-
tion Record documentation
tharacteriscics
inspectaed in each case.

Bechtel QC has revised the Project Qual
control Instructiom PQCI/QCIR for back
placement. Revised POCI/QCIR calls fo
inspection of backfill work by a full
soils QC Engineer with generation of a
report for each area of backfill worked.

le~evaluate the capability of the

ipment Deing used in relation
'

rthe maximum allowable lift

' 8

kness and the compaction re-

irement

5

Hand held equipment has
tWOo sands to bHe used.

zent *

n spnect

\e~evaluate the appropriateness
the mitinued use of the nuclear
neasurement
yeing questionable relative

thie moisture

iensometear, with
1 iracy
specilica~

m limi ninus twi

The use

ontinued

Re~evaluate 3AR's specifications

ind procedures relative to their

idequacy in specifving the points

in the JTOCess at which the measure-

nents L tests are to bYe made, the

trequencies £ these measurements

r tests, and the conditions under
1eW Ladoratory standards must

iIcquired

se0-Tech has performed

An audit has been performed
Bechtel to

Testing by
letermine the adequacy of

testing procedures.

their soil

The Audit was performed

2/25 = 26/79. Two findings on administrative

policies were found. me against Subcontracts
me against Uf esting. Y Live actil

Caken

Meerir

\dded

FNewgen




8.0

Consumers Power Company
wc

22
7/18/79

ti Status

12. Assure that there is a method, om
a three dimensional and volumetric
basis, for identifying the specific
1ifes which are inspected and tested.

Bechtel OC has revised the Project Quality
Control Instruction PQCI/QCIR C-1.02 to cover
this.

13. Assure that each nonconformance
report (regardless of the type of
report) is dispositioned.

Rt

For each Q-listed area all Discrepancy Reports
and NCR's (Bechtel and CPCo) will be fully
dispositioned and closed out prior to placement
of backfill. This will be covered on case-by-
case basis prior to backfill starting in a
particular area.

Additionally, P.E. will release areas for back=-
£111 which are listed in MCAR 24 as questionable
areas on a case-by-case basis by memo or TWX.

l4. Understanding the field density/
moisture test in the Oily Waste
Area that plotted to the right of
the zero-air-void curve.

Bechtel has directed US Testing to check all
field density tests for cohesive material against
a zero-air-void curve. Any field test result
which plots on, or to the right of the zero-air-
voids curve, shall be regarded as suspect and
cause for retest. Bechtel Geo-Tech has re-
amphasized to US Testing the importance of
taking accurate tests.

*Per: (1) Meeting minutes from the April 24, 1979 Bechtel/CPCo meeting on resumption of
O=1listed backifill.
(2) Added action items at the April 26, 1979 Diesel Generator Task Group Meeting.

(3) JFNewgen letter to TCCooke 3CCC-3995 dated May 4, 1979,
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SETTLEMENT, INCHES

1978 1979

o JULY_AUG SEPT OCI NOV DEC | JAN FEB MAR APR MAY JUNE JULY AUG
: *w 2 e %
2 H—f—p~= ~ ~-,x:-\:~\""\\<~—-«-— —— -1
\“‘r\l e W ~, l ".,...
3 o o Ll ¢ -\1\‘ —_ \.\"\— i
. ‘\~§‘ I
| AASE SRS INENT SERR i = __L\__;\L —rrae e £
5 1- i i e ! __‘\t\. -..11,:-_§~ E
. | h 3 S <o 3 20 g
R e e Y T A hs £
SURCHARGE er-' SURCHARGE ~ e z
7 S Wi ot Sl Y SASE Mvs R - {10 €
' wv
" - : | / O TR M SO O N g
)
-
<C

N DIESEL GENERATOR BUILD ING
AVERAGE PEDESTAL SETTLEMENT VS TIME

DIESEL GENERATOR BUILDING



IO AR S Lo bl A T L bbb it BN L 34 203048
:« Wi 050, 000t shabig vedB o akiged & oi
e he o @bt Aok O b : 3N

-...

o If ' i
.] ff Hm: ! It i!‘nl "‘

L—A—L—L——ﬂHHA = .-

bt

o™

Aaisa

T

bbb b

"
.
1
-
~
L)
)

Lasadss

FRSFOT Y VT




L:

C - ra

.

SETTLAMENY BaTA i

IFERERN T

L |

Aidd

N o

. "

poi 8
i
T
.g {

g i |

|

=g )

o

C

U ! | HI
HHE H (A H
'f"WJ ! Hi il
AT it
'il‘: | “f | ) )
: .JA‘ :
I A I
,WH.'J" ; -
W | |;l | |
gl L] { Ul
. !
. ® Ll o
2 s H 3 N
. ¢ ~ HW‘*
1 ‘ Hy |
| | Libits il f SRLLALALRALERERERREQ L] RY
7 A A TR R ‘ i
' ‘ | :lull i \ Hin !
A ! HEHTHET J|‘ il
A H’ iJJ'V’JIV. 1
/ gL
1 e ‘w'. b il [h MR
o
4 il mg.l’i‘l.:lr‘y- ! |
y i i ‘ ||:l.FI i "!h H) : N
’ i il | HHILH |
U | A
LRI I f I |
I I it Hil }
A LR T TR i HY
PJ%‘W;LL {1 ”
HIH D
J”L‘N‘ ‘% i
T
.%,J h it 1] {
A e '
b 11 AR e '
| | i i i
AL DHRTEREY HETERREL A
VERALARATE LA4LS 111l 14! T




DAYS AFTER 4-7-19
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DUCT BANK DEFLECTION

! \ '

|

I

|

|

L‘ L=100-0 .
f'e = 3000 PSI

CONSTANT RADIUS OF Ec = 1,734 K5/

CURVATURE IS ASSUMED (MODIFIED FOR LONG TERM

DEFLECTION PER ACI 3/8-77
SECTION 9.5.2.5)

FOR A DUCT BANK 43"x /8" DEEP
L\ WHEN STEEL YIELDS = 43

FOR A DUCT BANK 54" x 35" peeP
L\ WHEN STEEL YIELDS = 15

FI1G.28
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STRUCTURES SUPPORTING SQIL TYPE
A. AUXILIARY BUILDING
' Medium dense to very
1). CONTROL TOWER dense sand.
2). UNIT1ELECTRICAL D?&s? to veryf ?ense s_mdq
| with layers of loose san
PENETRATION AREA buiale 7
3). UNIT 2 ELECTRICAL Medium dense to dense
PENETRATION AREA  sand with medium stiff
5. RAILROAD BAY  SALlvers.
: Medium to very dense sand.
8. FEEDWATER ISQOLATION
VALVE PITS
Locse to dense sand and
L. UNIT 1 medium stiff to very stiff clav.
2. UNIT 2 As UNIT L.
C. SERVICE WATER PUMP Soft to very stiff ¢lav and
STRUCTURES loose to very dense sand.
D. BORATED WATERTANKS  fo gy o1 sandy clay
Medium to stiff sandy ¢lay
E. DIESEL FUEL TANKS opring
F. DIESEL GENERATOR Soft to stiff ¢lav and locse
SUILDING to dense sand.

SUMMARY CF PREDOMINANT FILL TY PEAND

CCONDITICN BELOW VARICUS CATEGCRY |

oveTm e

S addi L 2=

=111
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® Liquefaction; stress ratic based on estimated accelerction

© Liquefaction; stress ratio oased on Qo0d accealeration data
@ No liquefaction, stress rotic based on estimated ccceleration

O No liquefaction; stress ratio based on good acceleration data

0.5 | | 1 ] ] ] |
/
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> /
Lower bound for sites /'
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“N'" VALUE - BLOWS PER FOOT
40 %) 60 70 80
(634) 0 - iy et ————
DIESEL GENERATOR AUllDlNG
Bottom of spread footing
628 fL.

M=T7}

MIDIAND UNITS 1&2
1220 - 101
N(‘)f‘{l‘IIWESI AI}EA

————— e ———————

STANDARD PENETRATION RESISTANCE VERSUS
DEPTH FOR THE NORTHWEST AREA OF THE
DIESEL GENERATOR BUILDING
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(634)

DEPTH (FT.)

"N VALUE - BLOWS PER FOOT

0 10 20 30 A0 50 60 10 80
0 I [
DIESEL GENERATOR BUILD ING
5 Boltom of spread fooling
628 ft,
10 ! - v
O
o
20 A s~ - i
e
O
30 el i e s T
M=7}
A |- RO ot
MIDLAND UNITS 1&2
1220 - 101
NORTHEAST AREA
) 1 1

STANDARD PENETRATION RESISTANCE VERSUS
DEPTH FOR THE NORTIHEAST AREA OF THE
DIESEL GENERATOR BUILDING



“N' VALUE - BLOWS PER FOOT
30 40 50 60 70

RA ILROAD BAY
Top of slab 634.5 L,
Boltom of slab 630.5 ftL.

1220 - 101

- * MIDIAND UNITS 1&2
o AX - 10 { 2

STANDARD PENETRATION RESISTANCE VERSUS
DEPTH FOR THE AUXILIARY BUILDING
RAILROAD BAY
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“N'' VALUE - BLOWS PER FOOT

40

50

CONTROL TOWER
Boltom of slab
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1220 - 101
MIDMIND UNITSI 1&2

STANDARL PENETRATION BLOWCOUNT VERSUS
DEPTH FOR AUXILIARY BUILDING CONTROL TOWER
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KIPS) sq. FT.

EFFECTIVE OVERBURDEN PRESSURE

"N VALUE - BLOWS PER FCOT

40 &0

) 100

3. i
RELATIONSHIP BETWEEN STANDARD
PENETRATICON RESISTANCE, '
RELATIVE DENSITY AND EFFECTIVE
OVERBURDEN PRESSURE

(RAILRCAD 8AY)
720101
MIDLAND UNITS 1 & 2
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PITLESS ADAPTERS FOR SUBMERSIBLE PUMPS—4" & LARGER WELLS

la a Snappy subme-sibie pump iastallation, the well
casing i3 extended above ground, am excavation s
made around the casing and a hole ig cut ia the casng
below the /rostline. The Snappy casing fitting i3 thea
attached !0 the casming around the hole to provide a
delivery pipe. The pump, suspended irom the Sasppy
drop pipe fiting, is lowered into the well with the
aeck of the drop pipe fitting pointed toward the casing
fiting, When the neck reaches the level of the casing
fitting, the Saappy ectusor automatically inserts the
aeck with an O-ring seal into & socket in the casiag
ﬂtuqadlmu&mth-m-;hdamm
(ofdnpainup-’mmznnuudaﬁud
Lght conduit between the dmop pipe aad the discharge
pipe. To remove the pump, the drop pipe fitting is
lirst supported with a hoist. Then the neek ai the
drop pipe fitting is unlocked and withdrawn from the
socket by 3 manual dull on the contol cable thus re-
leasing the drop jipe fitting from the casing fitting so
that the pump can Se lifted cut with the haist.
Snappy pitless adapters with weid-om casing fitting
are agproved by the Soards of Health of Michigan and
Visconsin., However, Wisconsin agproval requires
{actory weiding of the casing (itting to the well casiag
*xcept ‘or wsidential water systems serving no more
than three ‘amilies.

Snappy pitiess adaoters are cerified water-tight uoder
the standards of the Pitless Adapter Division of the
Water Svstems Council (PAS-D).

Seappy pitless acaoters are available for well sizes
from 4 t0 § inches [.D. and for drop and delivery ipe
sizes of | and 1-1,/4 inches [.D. with either clamp-on
or weld-on casing (ittiags.

FEATURES
FROSTPROOF .—No hesting required. All water con-
duits are buried below {rostline.
PUMP IS EASILY SET = by simply lowerning pump
into well suspended (rom drop pipe [itting with neck
of the latter pointed in the casiag (itting direction.
FUMP IS EASILY PULLED - by first supporting
drop pipe with hoist, and them manuaily puiling con-
ol cabis to (ree pump.

LOW COST — Regular well casing s used all the
way. Extra cost of larger upper well casing used
with spooi-type units and expensive jit or weil house
construction are elimunaced.

CORROSION PROTZCTION — Clamp-on and weid-on
casing fittings are gaivamzed grav :ron and stainiess
steel respectively. All cans within the weil casing
are either hot-dipped zuivamzed sr constructed of
corrosion resistant matenais.

Cantinved

s

A LL T

- e
.

A E T

TELATED U.S. PATENTS: 1,038,732 1.084.222 3,123,389 1,136,242 3,165,370 1,239,307 2,472,573 1,722,546 1302553

- IVANSVILLE, MISCONSIN 33578
o9 P4ONE : (808) 1825100
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TYPES CF LCAZS

PRIARY

1. PFECIAIICAL (DEADLCAD, PRESSURE, MIND, ETC.)

2,  SEISMIC LIERTIA (BUT SHCRT DURATICID

. MISSILE ['PACT 2 PIFE SUPTUSE (LINITED ZNERGY)

1. INTERHAL SELF CONTRALIT
(A)  SEISHIC DISPLACEZFENT (CYCLIC)
(3) THERMAL (CYCLIC)

ro

SETTLENENT (1/2 CYCLE)
FORIIEG (1/2 CYCLE)




MIDLASD 2SI CRITERIA

(a) 1.8+ L7L

3 LAEM@+L+E) +...
() L25@+L+W+,.,
(0) 1.00+ 1.0L+ 1.CE, *+ ...

(8 10D+ LOL+ L0+,

ADDITICAl. CRITERIA

(a) 1.0%9 + 1.28L + 1.05 SeT
(3) 1.4D + 1.4 SET
(¢) 1.0D+ L.0L+1.08+1.0SET

() 1.0D + LOL + 1.0E, + L0 SET

D:  [2AD LOAD Ess! (SSE) EARTHQUALZ
L LIVE LOAD et TORIAZO

Eqy: (CBC) EARTHCUAKE SET SETTLEMZT
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NO. of  SUPPORTING PLANNED
STRUCTURE BORINGS  FILL TYPE  REMEDIAL MEASURES

A. AUXILIARY BUILDING
1). CONTROL TOWER 3 SAND NONE *
2). UNITY ELECTRICAL

PENETRATION AREA 2 SAND & CIAY UNDERPINNING
3). UNIT 2 ELECTRICAL
PENETRATION AREA 2 SAND & CIAY UNDERPINNING

4). RAILROAD BAY 3 SAND NONE
B. FEEDWATER ISOLATION
VALVE PITS
1. UNIT1 2 SAND & CiAY UNDERPINNING
2. UNIT2 3 SAND & CIAY UNDERPINNING

C. SERVICE WATER PUmP
STRUCTURE - PORTION
ON FILL 9 CIAY & SAND UNDERPINNING

* GROUTING 1S PLANNED BELOW MUD NOT AT AX - 9.

b —

SUMMARY OF FILL TYPE AND
PIANNED REMEDIALACTION



SUPFORTING PLANNED
STRUCTURE BORINGS  FILL TYPE  REMEDIAL MEASURES

D. TANKS
1. DIESEL FUELOIL
STORAGE TANKS CIAY NONE
2). BORATED WATER
STORAGE TANKS CIAY NONE

E.  DIESEL GENERATOR
BUILD ING ' SAND & CLIAY ~ SURCHARGE
UTILITIES
1). PIPING ‘ SAND & CIAY NONE
2). DUCT BANKS SAND & CLAY NONE
3). VALVE PITS ' SAND & CIAY NONE

SUMMARY OF FILL TYPZ AND
PLANNED REMEDIAL ACTION
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CRITERIA FON INSUFFICIENTLY
CONMPACTED PLANT ARIREA FILL
(On a ““To Date’ Basis)

® SETTLEMENT GREATER THAN EXPECTED

® RESULTS OF SOILS INVESTIGATION




SEISMNG CATEGORY |
STRUCTURES ON FILL

e AUXILIARY BUILDING (Part)

e SERVICE WATER PUMP STRUCTURE (Part)

e RETAINING WALL AT SERVICE WATER PUMP STRUCTURE
e BORATED WATER TANKS

e EMERGENCY DIESEL GENERATOR FUEL OIlL
STORAGE TANKS

e SERVICE WATER PIPE LINES AND VALVE PITS

o FW ISOLATION VALVE PITS

e DIESEL GENERATOR BUILDING

e ELECTRICAL DUCT BANKS (Part)

e EMERGENCY DIESEL FUEL OIL & BORATED WATER LINES



INSUFFICIENTLY COMPACTED PLANT AREA FILL
WHAT

Diesel Tank Area

Boraled Storage Tank Area

SW Pipelines

Aux Bidg Elec Pen Areas
FW Isolation Viv Plis

SW Pump Siructure (Pan)
Aux Bldg RR Bay

Emerg Dlesel Fuel Lines
Boraled Waler Lines

Elact Duct Banks (Parnt)

SW Viv Plis

Aux Bidg
Conlirol
Tower

Plant Area
Dikes

Distinctions

Time Dillerentlal
between Placement
of Fill and Consir of
Facllity

Plant Fill No! Dike

Specilication C-211

Materlals

Acceplance Criterla

Changes =

Placement Method
Controlled

Compaciion Resulls

Liit Vicickness

Molsture Control

Frost Protection

Structural Backfiil
introduced
(Spec C-211)

Relled on Testing

G Oevs 03
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INSUFFICIENTLY COMPACTED PLANT
AREA FiILL
WHERE AND EXTENT

Is
Is Not Dislinclions Changes

Plant Fill Area Plant Dite Small Areas Increased Test Frequency
and Locallon

Different Conltraclor (Bechiel)
Struct Backtill Introduced
Hand-Held Equipment
Nonunlform Compaction Methods

Open 1o Cooling Molsture Intruslon In Ground
Pond

G o6us o7
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INSUFFICIENTLY COMPACTED PLANT
AREA FILL
WHEHN

s _ Distinctions ~___Changes

During Placement Pond Fllled 3/78  Molsture Intrusion
of Piant Fill

'Used Slockplle for Weathered Mateilal

Borrow alter 3177
inltial Molsture
Content

Materlal In
Stockpile?

1077 Dry Year Final Molsture
Conlent

Late In Sackiill Own Welght
Operation Seltlement (Calcs)




INSUFFICIENTLY COMIPAGYED PLANT
fHEA FILL (Cont.)

, WHEN
Is
s Noy Distinctlons Changes
During QC Changed 1o Survelllance  Inspection ‘
Placement of In Summer 1076 Procedures
Plant Fill Personnel
Quallfications
Canonle QC Program
Disconlinued 0177
Canonle Worked 8177 - eIy
Changed Molsture Control
Method 877 - 3178
107i~15 Slowdown Personnel
Mobllization
Bechitel
U. §. Tesling

Spec C-211 Issuet & Revised to
Include Clay Malerlals

G vous Ve

MY abiives



POSSIBLE CAUSES

__Distinction or Change

TIME DIFFERENCE BETWEEN
PLACEMEMT OF FILL AND
CONSTRUCTION OF FACILITY
PLACEMENT METHOD

Lt Thickness/Compactive Effort

Compaction Equipment

Type ol Malerlals

Molsture Control

Compacilon by Flooding

ACCEPTANCE CRITERIA:
THEORETICAL COMPARISON OF
BMP COMPACTION VERSUS
SEVTLEMENT

Possible
_Cause _

NO

____Comments

Cannol Cause Insulficlent
Compaction

Equipment Capabllity Excseded In
Cerlain Areas

Equipment Capabllity Exceeded in
Gerlaln Areas

Compalibility Confirmed

Perlod of Inadequale Molsture
Control Occurred alier All but Top
Few Feet Compacled

Problem Occurs In Clays Also

Tesling to Confirm




POSSIBLE CAUSES ICont.)

SPECIFICATIONS

SOILS TESTING

Methods

Equipment
Hesulls/Reporls
flelests
ilaviews/Evaluatlons
Personnel

TEST FREQUENCY FOR SMALL
AREAS

DIFFERENT CONTRACTORS

Personnel Quallfications
Ditferent Inspection Methods
Placement Melthods

Possible

__Commenls

Investigation In Process

Problem not Confined to Smal!
Areas

See #16
See #15
See #2




