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Identification and Reporting of Diesel Generator Building
Settlement

Discussion of NRC Inspection Facts

Settlement data for the diesel generator building was
first recorded on July'52} 1978. This was the first of
the 60-day interval readings taken under the foundation
settlement data survey program contained in Bechtel
Specification 7220-C-76.

Bechtel surveyors, in processing this data, noticed the
larger than expected settlement. The processed survey

data was transmitted to project engineering on July 26, 1978,
and the survey frequency was increased:.> 'On August 21,
construction survey data indicated a settlement approaching
the maximum value in FSAR Figure 2.5-48. A Bechtel '
nonconformance report was issued (NCR 1482). About

August 21, 1978, CPCo advised the NRC Resident Inspector

of the settlement condition.

An exploratory soil boring program was begun on August 25, 1978.
An evaluation by project engineering of preliminary

boring data made on September 6, 1978, indicated that

the settlement condition was reportable under the

requirements of 10 CFR 50.55(e).

On Septemher 7, CPCo made an oral 10 CFR 50.55(e)

report to the NRC. CPCo submitted written 10 CFR 50.55(e)
interim reports to the NRC on September 29, 1978;
Nevember 7, 1978; December 21, 1978; January 5, 1979;

and February 23, 1979. The next interim report is due

to be submitted by April 30, 1979.
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Review of PSAR/FSAR Commitments

Discussion of NRC Inspection Facts
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FSAR Tables 2.5-9 and 2.5-14 provide minimum compaction
criteria and a summary of contact stresses and ultimate
bearing capacities. Table 2.5-14 shows the Dames and
Moore calculated ultimate bearing capacities as

given in the PSAR. For Zone 2 material the calculation
is conservatively Lased on the principal constituent
being cohesive soil, although the random fill is

the design basis, thus providing greater conservatism.

The purpose of these tables is not to stipulate the
foundation material to ke actually used. FSAR Table 2.5-1
identifies the gradation ranges for fill material

and stipulates the foundation materials to be used.

These materials were used consistent with the recommendatio

contained in the Dames and Moore report included in the
PSAR.

FSAR Tables 2.5-9 and 2.5-14 have been revised
zoflec* the design basis contained in the PSAR
translated into the actual design.

1@ structural acceptance criteria presented in FSAR
ubsection 3.8.5.5 for a shallow spread footing foundati
as discussed in the Dames and Moore report dated March
1969, Pages 20 and 21 (attached to the PQAR:, is not
applicable for the diesel generator building. Th
diesel generator building foundation is
type foundation with walils of the
by continuous footings. Generator foundations
within the building foundation limits are mat
foundations that cover most of the area withi
buxld&nq not occupied by the spread footings (F¢
Figure 3.8-55).
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Effect of Groundwater on Plant Area Fill

Discussion of NRC Inspection Facts

The increase in the plant area groundwater level allowed

by elimination of the planned drainage system was

included in the design bases. Dames and Moore's consideration
of this design change is presented in their report

dated March 15, 1969, which is included in the Midland

PSAR. Evaluations by Bechtel involving the increased
groundwater level are discussed in FSAR Subsection
2.5.4.10.3, and the supporting settlement calculations

are available in the Bechtel Ann Arbor office.

Pr. Peck's discussion on the effects of changes in

moisture content on soil refers to his hypothesis "that

soils beneath the diesel generator building had been
compacted too dry of optimum (5 to 6%), amd changes in
moisture after placement‘caused them to settle significantly.
Soils placed within +2% of optimum moisture, as specified,
would not cause this effect.
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Moisture Control Requirements for Plant Area Fill

Discussion of NRC Inspection Facts

Specification 7220-C-210, Section 12.6.1, states in
part:

"Insofar as practicable...material
which require moisture control, shall
be moisture-conditioned in the borrow
areas.... The water content during
compaction shall not be more than

2 percentage points above or below the
optimum moisture content.

...after p.acing of loose material

on the embankment fill, the moisture
content shall be further adjusted as
necessary to bring such material within
the moisture content limits required
for compaction."

On July 22, 1977, Bechtel QA identified in QAR SD-40
that, "the field does (did) not take moisture control
€88ts prior to and during placement of the backfill,
but rather rely (relied) on the moisture results taken
from the in-place (after compaction) soil density
tests" to control moisture.

As shown in Attachment 1, prior to Augqust 1, 1977,
there were no moisture measurements mace at the borrow
area or when the loose £fill was placed prior to or
during compaction. Moisture measurements were made
after compaction, as were density tests, and the results
of bath served as the acceptance criteria.

From August 1, 1977, to the cessation of fill operation
with the onset of the winter 1977-1978 season, there
was a change. During this time, moisture measurements
were made at the borrow area, but the measurements were
not compared to laboratory standards. Again, no
moisture measurements were made when the loose fill was
placed prior to or during compaction. Moisture measure-
ments were made after compaction and the results were
used to facilitate the density tests, the results of
which served as the acceptance criteria. For this
period, the results of the moisture measurements made
after compaction, in conjunction with the corresponding
density tests, have heen reviewed again and three




individual moisture measurements were found to be
beyond +2% of optimum.

For 1978, moisture measurements were made either in the
borrow area or when the loose fill was placed prior to
compaction, or both, but not during compaction. These
measurements were compared to laboratory standards.
Also during this period, moisture measurements .'ere
made after compaction and the results were used to
facilitate the density tests, the results of which
served as acceptance criteria. Subsequently, moisture
measurements made after compaction were reviewed again
for this period and the cases for which the post-
compaction moisture data indicate measurements beyond
+2% of optimum have been identified.

Moisture measurements for the three periods are now
considered not to meet the intent of the specification
regarding the location and time of the measurements.
Prior to commencing f£fill operations for the 1979 season,
this requirement will be redefined.
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Time
Period

Prior to
August 1,
1977

August 1,
1977 to
winter
of 1977~
1978

1978

ATTACHMENT 1

CONTROL OF MOISTURE MEASUREMENT

Moisture Measurements to Aid Compaction

As Practical
in the
Borrow Area

[RRNNRY LIS 3
No to;ts taken

Tests taken but
No comparison to

laboratory
standard

Loose Fill
Prior to
Compaction
(+2%)

No tests taken

No tests taken

Tests were taken and controlled
in at least one of these areas

During
Compaction
(+£2%)

No tests taken

No tests taken

No tests taken

Control for Final Acceptance

Moisture
Tests taken
(moisture
controlled
here)

Tests taken

Tests taken

Densitx

Tests taken
(density
controlled
here)

Tests taken
(density
controlled
here)

Tests taken
(density
controlled
here)
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Subgrade Protection of Plant Area Fill

Discussion of NRC Inspection Facts

For frost protection for foundations in natural soils
below the original grade, the Dames and Moore report
dated March 15, 1969, at Page 14 recommends that,
"...for foundations left open during the winter...at
least three and one-half feet of natural soil or
similar cover remain in place..." (emphasis added).

These instructions were transmitted in Sketch SK-C-271,
Winter Protection for Foundations, and approved and
released by Project Engineering on November 16, 1970,
as an official design document. This document was
implemented by project engineering direction contained
in a memo to construction dated November 16, 1970. The
direction was implemented by the use of temporary
enclosures and/or straw cover for freeze protection as
provided by Bechtel when construction was suspended in
1970.

For freeze protection for compacted soils, Dames and

Moore report dated March 15, 1969, at Page 15 states,
"...1f filling and backfilling operations are discontinued
during periods of cold weather, it is recommended that

all frozen soils be removed or recompacted prior the

the resumption of operations." These recommendations

are included as follows in Specification 7220-C-210.

a. Section 12.5.1

b. Section 12.10 delineating the requirements for
winter protection of embankment

c. Section 10.1 regarding removal of soil and recon-
ditioning after each spring thaw

d. Section 11 setting forth the requirements for
reconditioning, removing, and recompacting the
fills and excavations that were left open during
the winter periods of 1970 through 1973

To satisfy these requirements, the top layer of soil
was removed until the underlying layer was determined
by visual inspection and/or in situ soil tests to be
acceptable. The placement of materials was performed
on the acceptable foundation soil after reconditioning.
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Nonconformance Reports Identified

Discussion of. NRC Inspection Facts

The nonconformances identified by the NRC represent 10
CPCo NCRs and 2 audit finding reports. Additionally,
Bechtel identified one independent NCR (NCR 421) and
three other NCRs that were also identified by CPCo
(NCRs 686, 698, and 1005).

The 13 different NCRs are summarized in Attachment 1
with regard to the type of problem identified, the
Engineering disposition, the use-as-is justification,
whether or not the problem was included in the Bechtel
Quality Trend Program, and problem causes. During the
period from October 1974 through October 1977, the
repetitiveness of each problem was as follows:

Moisture control 6 cases
Compaction test 4 cases
Lift thickness 1l case
Soils inspection 1l case
Inspection planning 1l case
Structural backfill

inspection 1l case
Gradation regquirement 4 cases
Test frequency 1 case

When relating the type of problems to the problem
causes over the same period, the repetitiveness is as
follows:

Missed inspection 2 cases
Failing moisture 2 cases
Incorrect test data 4 cases
Misinterpretation of

specification 1 case
Failing tests not

identified 2 cases
Other 2 cases

There were 9 use-as-is dispositions of the 13 nonconfor-
mances. The duplicated NCRs (686, 698, aand 1005) were

also dispositioned use-as~-is. Each nonconformance
condition is reviewed by Project Engineering and researched
for facts before Engineering professional judgment
dispositioning is given to:

1l of 2



= Degree of variation from established standards
. Impact on quality and performance

- Location of tests that failed

= Anaiysis with justification of the wvariation

Each disposition is evaluated by CPCo to ensure that
the dispositioning is consistent with quality assurance
program requirements.

Attachment 1 provides examples of use-as-is justification
for the referenced nonconformances. Corrective actions
taken for the nonconformances referenced are described

in Attachment 2.

In 1977 the structural backfill subcontractor's performance
was trended and resulted in 3 of the 13 nonconformances
(NCRs QF 147, 172, and 174). The nonconformances were

in the areas of testing methods, test criteria, and
moisture content. Although the discrepancies had

occurred earlier, it was not until review of the turnover
packages that the nonconformances were detected.

Corrective actions taken included;

- Additional surveillance of the testing laboratory
by Bechtel QC

° Replacement of the U.S.-Testing Laboratory
Chief

B Training session on Specification 7220-C-211

on the control of backfill sand

- Instructions to Procurement to QJ-list the
purchase order

A subsequent audit by Bechtel QA of the subcontractor's
QA program found it effectively controlled.

2 of 2
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NCKR XNO NCR ;)ttSCRIPTI()N AND SUPPORTING DETAILS J PART CORRECTIVE ACTION PROCESS CORRECTIVE ACTION

e S — S ————

OF-174 (Contd)

again we conclude tnat the zone 2 material in a
zone 1 area should be considered an anomaly.

While 1t is wnlikely that the dikes would be
acceptable 1 there were conclusive evidence
that zone 2 material had beca widely used in
lieu of the specified tmpervious material, the
test reports ‘n total do not support this
position. The reports (rom sdjacent test in
the vicinity of MD-358, 359, and 440 do not
support the theorem that a zone 2 material is
at the locations as described In the test report

Therefore, the request for a Project Engineering
evaluation to "determine the acceptability of
the dike...." based on speculation about errors
in recorded data is not approprlate, nor do we
believe warranted in this case. Any Project
cng.neering evaluation would be based on the
same test report information which already has
been questioned as anomalous by Consumers; the
conc lusdons would only be as good as the facts
used as the basis of the evaluation. Although
recognizing that documentation errors will
infrequently occur, it s not recommended that
each document discrepancy be evaluated as though
it were fact. Our office 1s satisfied that
appropriate quality control programs, including
Geotech survelllance, should provide adequate
conf idence in the dike construction and its
acceptabilicy.

To reiterate our earlier evaluation, we recommeny
acceptance of test reports MD-359 and 440, based
on the sofl classification as a zone 2 material,
albeit in a location other than as described in
the Ltest report.,
















KNCR XNO

Finding No |
Lo Audit
Report
F-77-32

-

10

NCR DESCRIPTION AND SUPPORTINC DETAILS

PART CORRECTIVE ACTION

PROCESS CORRECTIVE ACTION

The audit was performed on soil reports North
Plant Dike MD 72 (5-23-74) through M 514
(9-21-74), West Plant Dike MD 25 (9-12-74)
through MD Y07 (9-27-76), Structural Backfill
MR 611 (10-7-76, through MDR 1121 (8-11-77),
Plaat Arca Fill MD 1122 (10-7-76) through

MD 1854 (8-12-77) and gradation reports for
structural backfil) matcrial received February

4, 1977 through August 31, 1977 to assure fail-

ing tests have been cleared by passing tests;
correct optimum molsture contents, maximoam
and minimum dry lab densities have been used;
the test results were properly evaluated for
acceptance; and test reports could be located
in the Quality Control Documentation Vault.

Finding 1

West Plant Dike
MD-276 and 277 (sampled 9-15-76), 278
(sampled 9-16-76), and 285 (sampled 7-17-76)

have NA in the optimum moisture content columdg.

North Plant Dike

MD-92 (sampled 5-25-74) shows maximum dry lab
density 110.6. 1t should have been 103.4.

MD-93 (sampled 5-25-74) shows maximum dry lab
density 110.6. 1t should have been 103,4,

MD-109 (sampled 5-28-74) shows maximum dry lab
density 103.4. It should have been 115.1.

MD-119 (sampled 5-28-74) shows maximum dry laly
density 127.2, 1t should have been 128.0,

MD-155 (srampled 6-4-74) shows optimum woist ire
content 18.8. It should have been 18.4.

MD-195 (sampled 6-24-74) shows opt imum mois
ture content 11.0. It should have been 11,6,

MD-223 (sampled 6-25-74) shows optimum mois-
ture content 10.3,

It should have been 11.6.

The test results wore recalculated and correc-
tions made.
acceptance of these tests even though they did
change the test results.

The above errors did not chan~e the
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Settlement Calculations for Plant Area Fill

Discussion of NRC Inspection Facts

Bechtel settlement calculations for the diesel generator
building were based on designs involving a mat foundation
having an applied soil pressure of 3,000 psf. The
foundation design was subsequently changed to spread
footings with four independent generator pedestals

having applied soil pressures of 4,000 and 1,750 psf,
respectively (FSAR Subsection 3.8.4.1). Settlement

calculations were not made for the final design conditions.

Recent comparisons show the settlement estimated for
the spread footing foundation condition was a maximum
of 8% larger than that for the mat foundation. FSAR
Figure 2.5-48 displays the calculated settlements, not
the design basis. Tl.e design basis provided in FSAR
Subsection 3.8.4.1.2 was translated in detail design
drawings and implemented in the actual construction.

The borated water storage tanks are supported in part
by a ring type spread footing, but most of the load is
applied across the tank bottom, which is supported on
£fill (FSAR Figure 3.8-60). Settlement calculations
discussed in FSAR Subsection 2.5.4.10.3 for the borated
water storage tanks, conservatively used a unifcrm
equivalent circular mat foundation having an applied
s0il pressure of 2,500 psf (FSAR Figure 2.5-47). The
ring type spread footing pressure is 2,500 psf and the
tank-applied pressure within the ring foundation is
2,000 psf. Because the actual pressure is 2,000 psf
over most of the foundation area, this settlement
estimate is conservative.

Settlement calculations assumed a compressibility
parameter of 0.001 whereas FSAR Table 2.5~16 gives a
compressibility parameter of 0.003. 1In this calculation
the difference in parameters would result in a maximum
increased settlement of 0.3 inch for the diesel generator
building. For the borated water storage tanks the
difference would be less. Differences in estimated
settlements resulting from fcundation and soil conditions
cited are small 2nd within the accuracy limits of the
analyses.
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Settlement of Administration Building Footings

Discussion of NRC Inspection Facts

The investigation of localized failure under the adminis-
tration building was initiated in September 1977. The
results of the testing are summarized below:

Typve of Investigation Results
/_I
Unconfined compression test Very soft to medium
(11 samples) stiff clays
Two borings One boring showed soft

to medium stiff clay
directly under the footing
ap: stiff to hard clay at

lc wver elevations. The other
boring was satisfactory.

Five tests on percent Percent compaction below
compaction. Proctor curve acceptable limits for four
run on sample representing tests

these tests

The results of the investigation initiated in September
1977 in areas outside the failure area are summarized
below:

Area Type of Investigation Results

Power block Observations and construc No evidence of
structures tion survey data settlement

Strip Load tests Settlements within
footings in acceptable ranges
administration

building east
of failure

area

Sixty feet Soil boring Soils

south of acceptable -
diesel very stiff
generator to hard
building

Féoting for Soil boring Soils

the evapora acceptable -
tor building very stiff

to hard

l of 2



Based on the akove investigations, the administration ’
grade beam failure was fe': to be a local soil failure.
A followup meeting was held in September 1977 between
the Chief Soil Lab Representative, Bechtel Lead Civil
Field Engineer, and lead Civil QC Engineer to reiterate
the requirements of the proper proctor selection for
fill placement tests. U.S. Testing was notified by ._
letter of the requirement to select the proper proctor.

CPCo site personnel acknowledged awareness of the
administration building soil failure on August 25, 1977.
The CPCo Project Manager learned of the administration
ouilding grade beam problem shortly after its occurrence
(August 1977). The CPCo Project Engineer did not

recall hearing of the administration building grade

beam problem prior to diesel generator building settlement
discussions. This was not . usual because the field
normally would resolve their own problems and request
assistance only when necessary.

2 08 2
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Interface Between Diesel Generator Building and Electrical
Duct Banks

Discussion of NRC Inspection Facts

Four vertical electrical duct banks restricted settlement
of the diesel generator building. This condition was
caused by two items. First, the ducts banks passing
through the building footings were stepped (enlarged
cross-sectional area) below the openings provided in
the footing. In some cases the mudmat filled the area
between the footing and the larger duct bank, thereby
providing support for the building at that location.
Second, the duct banks passed through the backfill
layer and were bedded in a stiff natural soil layer
below.

A l-inch separation gap was provided between the duct
bank and the diesel generator building footings to

allow for differential settlement between the duct bank
and building foundation. The detail was shown in
Drawings C-1001 and C-1002. It was not anticipated in
the design that the duct bank would be constructed

larger below the footing than at the point of penetration
of the footing.

The design requirements of the duct banks where they
penetrate the foundation and make the vertical turn are
shown in Electrical Drawing E-502. These details were
modified to facilitate construction without recognition
of the impact on the civil design requirements providing
clearance for free movement of the building foundation.
Moreover, the mudmat filled the space between the

larger section and the foeoting.

Drawings and specification permit the use of Zone 2
random fill material in plant area fill. Structural
backfill was placed in local excavations in accordance
with Specification 7220-C-211. Lean concrete was used
to replace structural backfill in confined areas as
permitted by Specification 7220-C-211, Sfection 5.1.3
which states, "In absence of structural backfill
materials described above...lean concrete, as specified
in Specification 7220-C-230 may be used."” Use of lean
concrete in restricted areas is a normal ccnstruction
practice and was controlled by the field engineer's
approval after inspection of subgrade. Correspondence
(BEBC-668 dated December 27, 1974) addresses the use of
lean concrete as an acceptable replacement for Zone 1
and 2 materials only in areas of the dike disturbed due
to trenches or temporary excavations.
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Soils Placement and Inspection Activities

Discussion of NRC Inspection Facts

The Bechtel Geotechnical Group has provided omerall
technical support for soils placement on the Midland
project. Placement of soils by Canonie represents the
major portion of soils placed on the jobsite. For Q-
listed work, inspection has been performed by a Quality
Control Engineer with soils engineering placement
experience in excess of 10 years. Additional overview
of Canonie's work has been provided by Bechtel Civil
Field Engineers and Quality Control Engineers.

For the Bechtel scope of work, soils have been placed

under the directicn of Civil Field Engineering personnel.

These individuals are either Graduate Civil Engineers

or persons with appropriate and extensxve on-the-job

training. The Civil Field Engineers discussed work

plans, problems, and solutions with craft personnel and

witnessed sei.sitive operations as the work situation

required, although they were not physically present at

all places and times while wqrk was being performed. They

were on call at all times as the situation required.
——mee.

Bechtel Civil Quality Control Engineers (QCE) have
nspected, witnessed, or survei’lpd Bechtel placement
Q-listed soils. These QCEs were certified in accordanc
th ANSI N45.2.6 and trained in the requirements of (OC
nspection plans.

QCEs were in soils placement areas as evi
quality documentation including Inspection,

and Discrepancy Reports. The following tabula
provides approximate numbers of each type of rej
prepared by QCEs.

Field Soil

Inspecting

Plans and Active
Record Time

Designation Period

/76

QO =W

7—Presen_

/76=-Present

-
OO N
'

l“

w
o
-

Total




The requirements for field densities and moisture
content are found in Specification 7220-C-208, Table 9-1,
"One per every 500 cubic yards of fill." This is the
complete requirement. The test must be taken within

the frequency envelope, but there is no additional
requirement as to the accuracy of the test location.

In the event of a test failure, the envelope volume was
reworked.

One instance was reported where moisture was added to a
non-Q area without reworking. Review indicates this
was an isolated instance. When moisture was added to
the soil for purpose of compaction, the soil was recon-
ditioned in accordance with Specification 7220-C-210.

20 2
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Inspection ocedu For Plant

Discussion of NRC Inspection Facts>

During the summer 1976 the Bechtel QC program underwen

a format change from Field Inspection Plans (FIP) to
Quality Control Instruction (QCI) and Inspection Records
(IR). At tha* time an analysis of FIPs C-210 and c-211+ and
QCI C-~1.02 indicated that no adverse trends were apparent
in the soils work. This indicated that a change was
justified to a surveillance mocde from the initial

1

inspect and witness mode which had been used from the
beginning of construction. The modes are defined 1
Section 3.3.3 of 7220 SF/PSP 6.1, as follows:

il

Inspect (I) = Visual examination or measure-
ment to verify the conformance of an item or
construction work operation to predetermined
quality requirements.
Witress (W) - To watch over
visually examine a specific work
examination or test which is per
others.
Surve;llaAce (S) = To progressiv
andomly witnessing and
operations before, during
in-process construction. Th‘
activity requires that the QCE
verify the work operations
Quality Control Instruction
are performed in accordance
criteria requirements. These
shall be performed as often an
a time period as is necessary
monitor th2 designated Activit

(V)
0
‘“ ot
(0
g 0N

B0

e

< O
M
—~a 0 o
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mmA
h
®
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The design docurent characterist 1 ect to QC,
whether by the I, W, or S mode, n the same
all plans. ihey included:

a Material free c?

b Material

- Material not frozen
Material compacted
Lift thickness
Work area clear
material




g Backfill material not placed upon frozen
surfaces

h. Backfill material conformance to drawing
requirements

rafAry s | Ny onbnd
Inspections“required by these plans were performeu as

evidenced Ly inspection, nonconformance, and discrepancy
reports.
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