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Bechtel Corporation

\ Engineers —Constructors

Fifty Beale Strest dgg?
San Francisca, California 94119

August 22, 1969

Dames & Moore
309 West Jackson Blvd.
Chicago Illinois 60606

Attention: Mr. George D. Leal

Subject: Consumers Power Company
Midland Plant Units 1 & 2
Job No. 7220
Soils Investigation

File: 0120, 1700, C=-1Y
Gentlemen:

Referring to your letter of July 8, 1969, on the subject of plant
excavation slopes, we have the following comments on which we
would appreciate your response:

It is our opinion that in accordance with normal practice, the
minimum factor of safety during construction should not be less
than 1.25 for conditions where failure could endanger life or
cause considerable financial losses. However, stability analysis
should be based on realistic, rather than on excessively conserva=-
tive assumptions.

For the case 2a, "western soil profile", the reported factor of
safety of only 1.1 is less than the minimum 1.25 which we con-
'sider acceptable, particularly as the slope may be standing for

as long as a year. However, the assumption of phreatic surface
extending to the surface of fill at elevation 634 is ultracon-
servative, and we see no reason for this to be higher than the
existing water table assumed at elevation 604. On the other hand,
a tension crack along which there is no contribution to the shear-
ing resistance should be assumed in the cohesive fill. These

two factors will have opposite effects on the stability.

Please comment on whether more realistic assumptions for stabil-
ity analysis for the "western soil profile", may justify a low-
er phreatic surface (el. 604 instead of 634), but inclusion of a
tension crack extending to a depth consistent with the assumed
properties of the fill. If you agree with this, then please re-
calculate the factor of safety for these adjusted assumptions.

The text appended to your letter (Part 1 -"General Description®)
is a general method of stability analysis based on published
literature. No indication is given of how the method was applied
to the present problem. Tt would be useful for our review and
for record purposes if you would submit an illustration showing
the location of the slip circles analysed and the corresponding
factors of safety, together with the assumptions made
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in the analysis. This would assist us in forming a judgement
on the significance of "minor sloughing® which, as you indicated,
may take place.

Regarding the stability at the "eastern soil profile", you in-
dicated that the factor of safety is dependent on the location
of the phreatic surface. Please provide a description, more
precise than that given in paragraph D=4 of your letter, of
the minimum distances from the soil surfaces to the phreatic
line. This is required in order that these distances can be
included in the dewatering specification.

Itmay be assumed that the maximum rate of excavation could be about
500 cy/day applied to either of the reactor buildings or the aux-
iliary building.

In addition, as a separate subject, please advise your approximate
charges and schedule for the following:

1.

Furnishing to us complete details of calculations of total an.
differential settlements of the major plant structures. The
maximum and minimum settlements should be stated. The estimated
settlements should be given for the centers of the reactor and
auxiliary buildings, such as required to determine the maximum
and minimum differential settlements. The relatively small
differential settlements were queried by the AEC. Information
is required as tc whether single or double drainage was assumed
in the settlement analysis, details of rate of settlements,
:nd whether artesian condition in underlying aquifer was allowed
or.

As you are aware, these analyses should be thorough and by
methods which would be acceptable to AEC personnel and their
consultants. It is important that the short term elastic and
the long term consolidation type of settlement should be given
separately and that the effects of the deep excavations and the
area load to El. 634 be taken into account. The timing of these
phases of unloading and loading should also be considered.

We note that consolidation test results contained in the reports
submitted to date do not include data on the time rate of consoli-
dation such as coefficient of consolidatiomswhich normally are a
part of consolidation test results. Will you please furnish

this missing information as part of our original agreement.

Recommendations as to the criteria such as relative density of
sand and strength of clay, or glacial till, which would determine
what materials can be retained in foundations and what materials
must be removed for stability under seismic conditions of Class I
structures. (The operating Basis Barthquake is 0.05 g and the
Design Basis Earthquake is 0.10 g).
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3. Recommendations or comments on seismic stability of the dense
clay till type soil which will be supporting the reactor and
auxiliary buildings and in particular of silt and sand inclusions
of this soil as indicated on the borehole logs.

4. The overconsolidation ratic of the soils supporting the reactor
and auxiliary buildings.

Se Providing us full design, including plan, illustration, descrip-
tion, and specification, for the installation of the piezometer
monitoring system around the plant excavation which you recom=-
mend in your July 17 letter.

We would appreciate receiving your initial response to this letter
outlining anticipated charges for points 1, 2, 3, 4 and 5 by
August 29, 1969.

Very truly yours,
\
/4! 2y Lo
. .’a/imr.g’ﬁ“"“'
Project Engineer
Bechtel Company
PAM:ea

(In dup.®
cc: Consumers Power Company (3)
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Bechtel Corporation
P.0. Box 3965
San Francisco, California 94119

Attention: Mr. J. H. Blasingame,
Project Engineer

Gent lemen:

This letter transmits fifteen copies of our 'S pplement to Report,
Foundation Investigation and Preliminary Explorations for Borrow Materials,
Proposed Nuclear Power Plant, Midland, Michigan for Consumers Power Company,'
dated March 15, 1969.

The scope of this investigation was planned in collaboration with
Messrs., Flach, Martinez, Kulesza and Cherrington of Bechtel Corporation,

The data and recommendations presented in this report are intended
to suppiement those presented in our ''Repert of Foundation Investigation,
and Preliminary Explorations for Borrow Materials,' dated June 28, 1968, and
are considered appropriate for final plant design.

It has been a pleasure to be of service to Consumers Power Company
and Bechtel Corporation on this project, and we trust that you will contact
us if you should have any guestions or comments,

Yours very truly,
DAMES & MOORE

oy R

George D. Leal
@0L : WWM: mf

CAGLE ADONCSS CAmEMCRT



SUPPLEMENT TO REPORT
FOUNDATION INVESTIGATION AND
PRLIMINARY EXPLORATIONS FOR BORROW MATERIALS
PROPOSED NUCLEAR POWER PLANT
MIDLAND, MICHIGAN
FOR

CONSUMERS POWER COMPANY

INTRODUCT |ON

This report presents the results of a supplementary foundation
investigation performed at the site of the Proposed Nuclesr Power Plant to be
constructed in Midland, Michigan for Consumers Power Company.

An initial foundation investigation was performed by Dames & Moore
and the results presented in our '""Report, Foundation Investigation and
Preliminary Explorations for Borrow Materials, Proposed Nuclear Power Plant,
Midland, Michigan,"' dated June 28, 1968, Subsequent to the initial investi=
gation, the plant structures were relocated 150 feet to the east and 60 feet
to the north of the original location, Because of subsurface conditions en-
counternd at the new location, the plant structures were relocated a second time
to a position 40 feet south and 20 feet east of the original location, The
data and recommendations presented in this supplementary report are appropriate

for the final plant location,



SCOPE

The purpose of the supplementary foundation investigation was to
develop data and recommendations appropriate for final plant design. The
specific program discussed and agreed upon for investigating the site consisted
of the drilling and samp!ing of exploration test borings, the performance of a
| 'mited number of supplementary laboratory tests, the performance of appro-
priate engineering analyses, and the preparation of final recommendations and
substantiating data.

This report is intended to be supplementary in nature and does not
repeat discussion of items covered in the initial report unless required.
Emphasis is given to the following specific information:

| = Modified site description as necessitated by the additional

explorations,

2 - Soil boring logs which include information on ground water

levels at the time of drilling.

3 - Results of supplementary laboratory tests.

4 - Final foundation design criteria, including:

a) Allowable bearing pressure for shallow spread founda~
tions on the compacted plant fill as a function of
width for an allowable total settlement of 3/4 inch,

b) Lateral earth pressure against structure walls as a
function of depth. In developing these data, the

’ max imum probable flood has been assumed at elevation
632 feet, and the top of plant fill has been assumed
at elevation 634 feet, For normal conditions, the
ground water level has been ascumed at elevation 625

feet, the reservoir water surface elevation,
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¢) Recommended foundation type for the reactor buildings,
the turbine building, and for the turbine generators.
The estimated total settlement and maximum differential
settlement are provided for recommended foundation types.

d) Recommended foundation type and estimated total settle-
ment for the auxiliary building which is located between
the two reactor Juildings. |Its structure and foundation
will be separate from those of the adjacent three build-
ings to allow for possible differential settliement which
must not exceed 3/4 inch,

e) Differential settlements between auxi!iary building,
reactor, and turbine buildings.

5 = Review of recommendations regarding site preparation and

earthwork, as follows:

a) Recommended excavation slopes in natural soils and in
plant fill,

b) Control of ground water in excavations for the r.sct'r
and turbine buildings.

c) Compaction requirements for the pla-t fill (1) wnea. .
structures, and (11) adjacent to st ‘ures.

d) Minimum depths of footings in comp .. 4 soil ror frost
protection or other reasons,

The results of osur supplementary field exp srations and laboratory

’

tests are presented in the Appendix to this report.
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DESIGN CONSIDERATIONS

Subsequent to the completion of the initial investigation, planned
foundation elevations of all the major structures have been modified and more
detailed structural design data has become available. A summary of pertinent
structural data is given below.

The reactor building foundations will be established at elevation
582.5. They will be structurally separated from the adjacent auxiiiary build=
ing, and the maximum allowable difierential settlement between auxiliary build=
ing and react.r buildings has been established at three-quarters of an inch,

The wuxiliary building plan dimensions will be 166 feet by 161 feet.
This building abuts both of the reactor buildings and the turbine building.
The central portion of the auxi'iary building, 76 feet by 131 feet in plan
dimensions, will be founded at elevation 562.0 feet; both parts of the
auxiliary building abutting the reactor buildings will be founded at eleva-
tion 580. The remainder of the auxiliary building, located adjacent to the
turbine building, and between it and the reactor buildings, wiil be founded
at elevation 610,

Plan dimensions of the turbine building will be approximately 132
feet by 436 feet with a base elevation of 610. This building will house two
turbine-generators supported on mat founditions established at approximately
elevation 602 feet. The turbine-generator mat foundations wi'l have plan

dimensions of 145 feet by 45 feet and 185 feet by 45 feet.

:
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Foundation Joads imposed by the various structures under normal

operating conditions and under seismic loading conditions are tabulated

below,
FOUNDAT [ON LOAD ING, LBS./SQ.FT
i ::T”,‘ DEAD AND LIV Egntws ;
Reactor Building 582.5 8,000 16,000 0
Auxiliary Building 562.0 6,500 13,000 0
580.0 5,000 12,000 0
610.0 3,500 7,000 0
Turbine Building 610.0 3,000 5,000 1,000

Turbine Generator Mat
Foundations 602.0 4,500 3,000 0

The locations ard foundation loading data relative to the appurtenant
structures have not been provided to us.

Final plant grade has becn raised approximately six feet and will be
established at approximately elevation 634, Normal ground water level as in
the initial investigatiog, is assumed to be at the existing ground surface,
approximately elevation 603, However, this may be a perched water level. The
water level in the cooling pond reservoir will be at approximately elevation
625. The underdrairage system considere’ in the initial report has been
eliminated; consequentiy, it is assumed that the ground water level in the
elant arez will rise concurrently to approximately elevation 625. The maxi=-

" mum probable flood level will remain at elevation 632.
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SITE CONDITIONS

SUBSURFACE CONDITIONS

General geologic conditions, and surface conditions at the site have
been discussed in our initial report,

The subsur‘ace conditions at the site were further investigated by
drilling 11 supplementary exploration test borings and 22 probings to depths
ranging from 10 to 30 feet at the locations shown on Plate 2.

The supplementary borings and probings provided more detailed in-
formation regarding the sandy soils, which generally underlie the topsoil
and/or organic silty soils. These sandy soils consist of brown and gray fine
sands which grade from loose near the surface to very dense with increasing
depth.. Although there is little or no sand within the central part of the
plant area, the sand stratum does extend to approximately elevation 585 feet
at both the east and west ends of the turbine building. Similarly, the bottom
of the sand stratum varies from approximately elevation 600 in the vicinity of
the west reactor building area to approximately elevation 575 feet near the
north-eastern edge of the east reactor building area and along a part of the
northern edge of tha auxiliary building area.

The presence of very stiff to hard cohesive soils, predominantly
aray silty clay, underlying the surface sand deposi’ - was confirmed by the
supplementary boring program,

More detailed descriptions of the subsurface scil penetrated by the
supp lementary borings are presented on the Log of Borings in the Appendix to

this report,



SURFACE WATER

The site is presently subjected to periodic flooding., We understand
that maximum probatle flood level has been estimated at eievation 632 feet,
which is the same elevation assumed in our initial report.

GROUND WATER

Seepage water entered some of the borings through the sand stratum
blanketing the site. Ground water observations » the supp lementary borings
were consistent with thnse discussed in the initial report., A perched water
condition probably exists in the sandy surface soils, and it has been conser-
vatively estimated that the perched ground water level is at or near the
existing ground surface. The underlying silty clay soils are saturated, but
the present ground water level in these impervious materials could not be

datermined during the short term of our field investigations,

LABORATORY TESTS

The results of the laboratory tests performed in connection with
the supplemental investigation, together with a description of the test
procedures, are presented in the Appendix to this report,

A summary of all laboratory strength tests, and moisture and density
tesis, performed on soil samples extracted from borings drilled in the power

plant area are presented on Plate 5, Summary of Test Data.
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DISCUSSION AND RECOMMENDAT IONS

GENERAL:

The results of our supplementary investigation confirm that the site
is suitable, from a foundation standpoint, for the support of the proposed
plant structures. Initial recommendations regarding suitable foundation types
for various structures are considered applicable. These recommendations are
summar ized below.

It is recommended that the reactor buildings and the lower portion
of the auxiliary building be supported on mat foundations established at the
planned elevations, in the very stiff to hard cohesive soils,

It is recommended that the turbine building, the higher south por-
tion of the auxiliary building, and the turbine-generators be supported on mat
foundations established in controlled compacted fill at the planned eievations,
Prior to the placement of fill, it is recommended that all! topsoil, loose sand
and other unsuitable soils be excavated from the turbine building arsa and the
south portion of the auxiliary building area. The exposed natural soils should
be thorough'y proof-rolled prior to commencing filling operations.

It is recoomended that appurienant structures be supported on spread
foundations established in the controlled compacted fill,

The more detaiied structural cssign data and the additional subsur~
face data available at this time permit a final analysis of total and dif=-
ferent  al settlements, Foundation design data and the results of the settle~
- ment analysis are presented in subsequent sections of this report,
Recommendations regarding earthwork operations are presented in the

following section.



EARTHWORK:

The supplementary investigation requires certain modifications in
our initial recommendations regarding dewatering, excavating, filling and
backfilling.

Dewatering = The supp lementary investigation has indicatad that more
extensive dewatering operations will be required than originally anticipated
due to the greater amount of sandy surface soils encountered in the immediate
plant area.

Plant excavations will extend into sandy surface soil below the
ground water level and into relatively impervious clay soils. The depth of
the sandy surface soils in the vicinity of the plant structures ranges from
0 to approximately 35 feet, with the maximum depth of sand occurring near the
south western corner of the turbine building., The maximum depth of excavation
will be on the order of 40 feet, to elevation 562.0, for the auxiliary building.

Only minor water seepage is anticipated in the lower clay soils.
However, dewatering operations will be required in connection with excavations
into the upper sandy soils. The ground water level, presently assumed to be
at approximately elevation 603, mey vary during the construction period in
response to rainfall, surface runoff conditions, and the water level in the
adjacent Tittabawasse River,

We understand that a seepage cutoff wall will be installed which

will minimize the flow of seepage water through the sandy soils into the plant

 excavations, The location of the seepage cut off wall is shown on Plate 2,
4

Site Plan, In order to supplement ground water control in the excavations,

it |s recommended that the ground water level inside the seepage cutoff wall

|
i

be lowered as required by a well-point or deep-we!| dewatering system,
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The subsurface conditions at the site have been discussed with a
representative of the Griffin Wellpoint Corporation, a gqualified dewatering
contractor, After having been familiarized with the soil conditions, the
following schemes were proposed by the Griffin We!lpoint Corporation,

| = A single stage well=point system would be installed

to lower the water level in the sandy soils inside

the seepage cutoff wall to approximately elevation

§75. In areas where the depth of sandy soils exceeds
approximately elevation 575, a second stage of well=
points would be installed to lower the water level to
approximately elevation 560, It is anticipated that
well=points will have to be installed with vertical sand
filter-wicks to maintain the required drainage and drew=
down. A copy of correspondence from Griffin Wellpoint
Corporation and their sketch of proposed locations of
the upper and lower dewatering systems is attached to
the Appendix of this report.

2 - As an alternative to the above, particularly in areas
whert the sandy soils extend to depths below the bottom
of erxcavations, it may be more economical to install
several peripheral wells to depths below the plant
excavations, These .eep wells should be designed and
operated such that the ground water level in the vicinity
of the plant excavations is maintained below the bottom

of the excavations.



The dewatering schemes outlined above are considered suitable, but
appropriate field pumping tests should be performed prior to selecting a
dewater ing contractor., The field pumping tests would provide data to allow
the choice of the most suitable type of dewatering system (well=points or
deep wells), and would provide additional data for contractor bidding purposes.
We would be pleased to provide guide specifications and technical supervision
during the performance of field pumping tests, if required.

The dewatering system should maintain the water level in the sandy
soils at least three to five feet below exposed excavated surface. Piezometers
should be installed and monitored to insure that the water level in the sandy
soils is continuously maintained at the recommended level.

In peripheral areas where the sandy surface soils are shallow, and
surface water is not intercepted by other means, it is recommended that a
peripheral drainage trench system be installed around the outside of excava-
tions, The perimeter drainage system should consist of trenches excavated
through the sandy surface soils and graded to drain away from the plant area.
The trenches should be backfilled with clean gravel or other pervious material,
Inside the excavation it |s recommended that ground water seepage be controlled
by a system of shaliow peripheral trenches and sumps. Pumps will be required
to remove water which accumulates in the trench-sump system,

Excavating - This section presents recommendations pertaining to
excavat ing operations required to attain the modified planned grades and to
prepare soils for the support of foundations or fill materials.

The maximum depth of excavation will be on the order of 40 feet in

the vicinity of the auxiliary buiiding.
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Providing stripping is carried out in the manner recommended in our
previous report and stripped soils are wasted, all remaining soils to be
excavated will be suitable for use as fill or backfill, Detailed recommenda-
tions for the use of these scils are given in a subsequent section.

In addition to the excavation required to attain foundation levels,
it is recommended that all on-site snds be excavated from below foundation
level in the reactor building and auxiliary building areas, and that these
soils be replaced by either compacted sand or clay fill soils. B8ased on the
results of our field explorations, we anticipate that only very minor amounts
of in=situ sands may be encountered at the foundation level of these struc-
tures. Where over-excavation is regquired, subgrade preparation and the back~
filling to attain foundation levels should be carried out in the manner out~
lined in subsequent sections,

All loose in=situ sands, soft or compressible clay soils, and
organic soils should be excavated in the turbine building area. Based on
the results of the supplementary field explorations, it is anticipated that
the depth of excavation of unsuitable soils will vary from one to five feet
with an average over the area of approximately three feet, The excavation
of these unsuitable soils, and subsequent backfilling with controllied com-
pacted fill where required, is necessary in order to provide uniform foundo-.
tion support for the turbine building and turbine~generator foundations, The
plan dimensions of the excavated area should include the ''zone of influence'
of the mat foundations astablished in the controlled compacted fill. For
purposes of excavation and filling, the ""zone of influence' of a foundation
is defined as the zone within planes extending downward and outward from the
bottom outside edge of a foundation at an angle of 45 degrees with the

horizontal.
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Engineering studies have been performed to evaluate the stability
of slopes constructed through the upper dewatered sandy soils and the under-
lying very stiff to hard clay soils. Based on the results of thesa studies,
it is recommended that the banks of excavations through the dewatered sandy
soil be cut on a slope of one vertical to one and one-ha!f horizontal or
flatter. Banks of excavations cut through the clay soils may be cut on a
slope of two vertical to one horizontal or flatter. Banks of temporary
excavations within the clay soils which are not subject to surcharge loading
may be cut vertically with an unsupported height of up to 15 feet. It is
anticipated that localized sloughing and spalling of the banks of excavations
will occur due to drying and shrinking of the banks and also due to the
presence of discontinuous lenses and pockets of silt in the clay soils,

Subgrade Preparation - Following stripping and excavating it is
recommended that t~e exposed surfaces be thoroughly proof«rolled under the
supervision of a qualified soils engineer. Where practical both foundation
and fill subgrades should be proof-rolled to compact the exposed surfaces and
to detect any localized zones of soft soiis. As a guide, the proof-rolling
operation could be considered equivalent to making approximately two passes over
the entire exposed subgrade with a 20-cubic yard capacity loaded motor
scraper. |n deep excavations or |imited access areas, smaller equipment
making more passes would be suitable for proof-rolling.

lones of loose or soft soils delineated by proof-rolling should be
compacted |f possible or removed and replaced with contrc!led compected fill,

{ ¢
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Upon attainment of final foundation grade in each area, it is
recommended that a working mat of lean concrete be poured. Tha installa-
tion of a lean concrete ''mud mat'' or similar protection should minimize dis~
turbance of the subgrade soils due to water seepage and construction opera-
tions, The mud mat will not provide protection against freezing and thawing
of the subgrade soils.

The clay soils are susceptible to loss of strength due to frost
action, disturbance and/or the presence of water. |f the consiruction schedule
requires that foundetion excavations be left open during the winter, it is
recommended that excavating operations be performed such that at least three
and one~half feet of natural soils or similar cover remain in place over the
final subgrede or overlying the ''mud mat.,"” This layer of protective material
is necessary to prevent the softening and disturbance of the subgrade soils
due to frost action,

Mud mats or similar means of protection should also be installed
on the banks of excavations which lie within the building areas. The mud mat
will provide protection against drying and resaturation which could lead to

weakening and spalling of slopes.

Fllling and Backfilling = Fills up to approximately 35 feet in thick=-

ness will be required In the attainment of the final plant grade elevation 634,
In addition, fills and backfills will be required below and adjacent to
structures.

As previousiy mentioned, on=site axcavated soils, both serds and
wlay solls are considered svitable fill materiais. Provided either soil
type |s placed and compacted In accordance with the crlteria recommended

below, It Is considered unnecessary, from performance consl/derations, to
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specify the selective use of one or other of these soil types for any of the
fills or backfills which will be required; however, as sands are more reedily
compacted with small equipment such as hand operated vibratory equipment it is
recommended that sand fill be used in areas of |imited access,

All fil] and backfill materials should be placed at or near the
optimum moisture content in nearly horizontal |ifts approximetaly six to eight
inches in loose thickness. Each 1ift should be compacted in accordance with
the following criteria for the construction of controlled compacted fill and
backfill,

In addition, no compacted soils should be allowed to freeze, |f
filling or backfilling operations are discontinued during periods of cold
weather, it is recommended that a!l frozen soils be removed or recompacted
pr.or to the resumption of operations,

Engineering studies have been performed to evaluate the stability
of slopes constructe’ through the plant fill, Based on the results of these
studies, it is recommended that the banks of temporary excavations through
dewatered sand fill solls be cut on a slope of one vertical to one and one-half
horizontal or flatter, Banks of temporary excavations through compacted clay
fill soils which are not subject to surcharge loading may be cut vertically
with an unsupported height of up to ten feet,

It |s recommended that permanent slopes through granular compacted
fill soils de _onstructed on slopes of one vertical to four horizontal or
flatter. Permanent slopes through cohesive compacted fill soils may be

constructed on slopes of one vertical to two horizontal,




olbe . .3

Fiiling oparations should be performed Dwller the cont nuous techn i«
cul supervinion of & qual i fled s0ils engineer who would perform (nepisce
dansity tesrs in the compactad F111 1o varify thet all materials are pleend
nd compected |0 sccordence wiith the recommended orlter s,

Support of
Struetures L1} 100

Adjacent to
Structures i) »

Arsal FI11 (wer

fupport ing or ” "
adjacent to

Strustures )

O Manimm and Ninimum dens ity of send w0l s should b determined In
sccordence with A 5. T .8, Test Designation D-1009-8hT,

W e dry dens ity and opt e e isture content should be deters
mined in scoordence with A 5. T A, Test Designation D698, wodif e

: vn‘un 10,000 font-pounds of compact ive energy ser cubie feet
L IR

Sarsl - Foundation design deta presented (n This seetion sssumes
that individual buliding areas will ba prepared (n the senner previows !y
recommended. 1t 18 our opinion thet the sejer plent structures say b
,AtIfactor| Iv susported on et foundat ions setablished ot the presently
planned slevations, Jimilerly, shallow soreed foundet ons founded on cone
trolles compacted 7111 sells will provide setisfestory suppart for he
SPPUrTAnent SEructures .
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et Foundations - The uitimere besring capecity of the supporting

solls underiying each of the mejor structures has See: re-eveluated to

ref lect modified foundation slevations.

sabulated delow:

' The

Resctor Building

Auxi!iory Suilding

Turbine Buildine

Turt i ne=Generstors

o
very stiff to hard

natural clay soils

Very stiff (2 hard
natural clay soils

Zontrol led compeced
fin

Controlled compacted
fin

Controlled compected
fin

T™he results of these analyses are

T e

Tl
582.5
552.0
610.0

45,000
50,000
45,000
30,000

30,000

™e coovm tabulation assumes that Fill will be composed of com

pacted clay solls; I7 compected sand Fill (s used the citimate bearing

capacitios |isted sbove will be grestes thee tha tabulated values. The

tabulated ultimate besring press res are gross values; thus the weight of

foundat ions should he included in computing the foundation loads. The

effects of overturden to slevet .on 634, and the effects of ground weter at

elevation 625 heve baon covsidared n the besring capecity snelysis,



The following tabulation presents & summary of the faciors of safety
revised to reflect the mod: 'ied loeding conditions ang ultimate bearing capa~

cities for the various units;

FACTOR OF SAFETY

2EAD

uNiY DEAD AND LIVE LOAD
Reactor Buildings 5.6
Auxiliary Building

® Elevation 562.0

é Elevetion 580

& Elevetion 810

Turbine Building

Turtine~Generators

$hallow Spreed Foundet ons

The recommended dearing pressures for shallow spresd foundations
have been calculated assuming the ground water level to be at elevation 625
and sssuming that the supporting compacted fill meterials may be either clay

or sand soils,

5,000
12 5,000
The factor of safety and allowable incresse for seismic loads are

the same as previous ly recosmended
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ATTLOENT

Geners! - Settiement anaiyses are based on the results of conselida~
tion tests performed on undisturbed and recompacted soi! sampies. Consolida~
tion test data are presented in the Appendix of this report. The consolide~
tion tescs performed in connection with the suppiemental investigation confirm
that the very stiff to hard clay soils have been preconsol idated under over«
burden pressures of st lesst 15,000 to 20,000 pounds per square foot.

The settiement ana yses consider the effects of lowering the ground
water level, sxcavating, placement of areal fill, subseguent raising of ground
water lavel and the associated time comsiderations.

g Foundetions
The results of our settiement analyses for structures supported

on mat foundations are tabulated delow:

: !
Reactor Buildings |- g t-% e

Auxiliary Building

® Elevation 562 -1 t-%
® Elevation 580 - -3
® Elavation 610 g -2 P |
Turbine Building Iy =2 t -4
Turbine-Generator Mats g -2 t-1
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It has been further estimated that the maximum differentisl settie~

mant which will occur between adjacent structures will be as follows:

ITIMATED MAX
DIFFERENTIAL SETT)
JETWEEN STRUCTURES

3

ADJACDNT ITS (A
Auxilisry ® Elevation 562 and
® Elevation 580 172
Auxiliary @ Elavation 562 snd
® Elevation 6.0 1
Auxiliary ® Elevation 580 and
Reactor /2
Auxiliary ® Elevetion 610 and
Reactor 36
Auxiliary ® Elavation 610 and
Turbine Building /2
Turbine Building and Turbine Mat 12

The results of the dynemic settiement anaiysis presented in the
initial report are considered applicable to the revised plant design and
final location. Additional settiement under dynamic loading should not
enceed one-quarter inch. The appropriate renge of values for modulus of
elasticity for dynamic settiemant snalysic is discussed In the Appendix to
this report.

Appurtenant Structures - The total end differential sottiements of
buildings supported on shallow-spresd foundations will depend on (1) the
surface settiement of the arsal fil) and (2) the settiemant caused by the
ndividus| foundations imposing bearing pressures on the order of the allow=
able bearing pressures praviously recommended.

SAMES ¢ moony



Neither building locations nor the individusl column losds have
been made availsble to us at this time. Anaiysis shows that the areal fi11
will undergo long term settiements on the order of 14 to 2 inches. It is
estimated that shallow spresd foundations supporting a total design loed of
up L0 30,000 pounds and pnqucnc utilizing the bearing pressures presented
sbove will umserae ;_o‘tilgnm or the arder of one-half inch or less.

| necessary, the long term total and differential settiement of
esch sppurtensnt structure will be analyzed when the locations and structural
loads of these structures are known,

Lime-Aate of Settiement = it is estimeted thet --m"u one-naif
of the maximum settiements tabulated previously will occur, s elastic
recompression, essentially simuitanecus !y with the loed application. The
remaining onesha!f to two=thirds of the maximum settiements will occur in
accordance with the time<rates estimated from consolidation test data and

presented below.

PERC

AFTER RECOMPRESS | O

Settlement of comventional spread foundations, established on en
sppreciable thickness of controlled compected granuler fill will occur essens

“ally as the losd is spplied to the foundation,
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SATEMAL PRESSURES

The wal!ls of structures delow final plart jrade. elevatior 536,
will be subjected to horizontal loeds imposed by backsill marerials,
hydrostatic pressures, and the horizontal components of adjacent foundation
loads. Excluding the horizonial components of adjacert “oundation 'oeds, it
is recommended that 'ong term lateral gressures ageins’ rigid and nenerigie

wally be computed using the equivalent Fluid unit weights tabuisted deiow:

NON-RIGIO WALLS:
Send Soils “ A0
Clay Soils 59 %0
RIGID WALLS:
Send Soils 50 100
Clay Seils 80 e

Latera! pressures deveioped adjacent to rigid walls immed ately
following placement and compaction of backfill materials mey excesd the
long term pressures in the portion of the wall nesr the ground surace.
Therafors, we recommend that rigid walls be designed for the eguivalent
fluld unit waights presented adove or & uniformiy distributed pressure
of 600 pourds per souare foot, whichever s greater at any particular depth.

The sbove recommended squivalent fluid pressures assume backf |||
s0ils will be pleced in o carefully controlled menner, The stiff to hard
onesite clay soils should not be pleced es lavers of chunky soil which
‘require axcessive compect ive effort to obtain & homogensous compected fill,
Such & procedure would incresse the equivelent Fluid pressure on the order
of 50 percant. The use of clay backfill in any arses of limited sccess i3

BAMES & m Car
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Substructure walls which are established delow adjecent foundations
should also ba designed to resist the horizontal components of adjacent
foundation loads. For preliminary snaliysis of lateral foundation pressures
we suggest the method of aneliysis presented in Spangier end Mickle's® paper
iaters! Pressures on Retaining walls Due to Backfi|! Surface Losds.' For
final snalysis, after the final arrengement of facilities, type of backfill,
and final loading conditions are known, |t is suggested that horizontal
components of foundation loads scting on adjecent walls be svaluated by
flaite slement snaiysis.

UPLIFT PRESSURES

Uplift losds will be resisted by the desd waight of the structures,
the weight of the beckfi|| metarials, directly overlying the foundations, *
any, and the frictional resistence Detwesn the structure and the adjscent
oackfi|| materials. The unit weight of the backfii] meterials nay be caken
a8 120 pounds per cubic foot sbove the sssumed ground watur lavel, and &0
pounds per cubic foot below the sssumed ground water fevel. The frictional
resistance sy de computed by assuming & coaff . cient of lateral sarth pressure
equel to 0.)5 end & coefficient of friction batween so/! and concrete of 0.35.

Thase values apply to backfill soils composed of ¢lean sand and
pertain to uitimete frictional resistence to wolift, An sppropriste factor
of safery on the order of 1.5 for normal operating conditions and 1.2 for
maximum prodeble flood conditions should be apelied to the uitimete values.

* Spangler, W.G. end Jack L. Mickie, “Lateral Pressures on Retaining walls
Due to Backf il Surface Loads,' Procesdings of the Internetionsl Conference
on Soil mechanics end Foundation Engineering, Vel. 3, P. 155, 1936,



e

1 clay backfill soils are used, the uitimate frictional resistance
to uplift may be computed in & 3imilar manner, sxcest thet the coefficient of
friction betwess s0i| and concrete should be reduced to 0.2§

Floor siebs estadlished below the design floor level shou!d be
designed for full hydrostatic pressure or should be provided with adeguats

drainage facilities.
~=000~~

T™he following Plates and Appendix are atteched and complete this

Site Plan (Revised Reservoir and Power Plant Areas)

Plate 2
Plate 3 = Plot Plan (Powar Plant Ares, Revised)

Plate 48 « Generalized Subsurfece Section 8~8 (Revised)
Plate § = Susmary of Test Dats (Revised)

Appendix =~ Flald Explorations and Lahorstory Tests

Respectfully submitted,
DAMES & =OTRE

Ay Lt

George 0. Leal

Registered Profess onal Engineer
State of Michiger

Certificate No. 1718}
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£1E4D LXPLORAT QNG AND LAPOMTORY TESTH

LU0 CIPLOMTIONS

Ppwer Plant Arss < The subsurfece conditions et the site of the
Proposed Nuciser Powes Plant were further (nvest!gated by drilling 11
additional foursinch diamater axploration test Borings to depths ranging from
appronimately 40 fest to B0 fest below the axisting ground surface ut!lizing
(ruchemounted ratary wash and *otary suger type drilling squipment. Explore-
tion test borings 730 end 731 ware drilled as part of & pravious (nvestiges
tien, n addition to the exploration test borings, 24 probe holes were
drilled to depths ranging from soproximetaly 10 fest to 45 feet delow the
axisting ground surfece utilizing truck mounted rotary suger type driliing
aou | pment

The drilling operations were tupervised by our fleld engineers who
saintained logs of the borings, obtained und sturbed sempies of the variow
2a4l1 strata penetrated ut!lizing Dames & Moore S0 Sempiers and superyised
the performance of Stendard Penstration Tests. Grephical representations of
the s0ils penatrated by the borings and probe holes are shown on Plates
A10 through A=1U, Log of Sorings. The mathod ut!lized in classifying *he
soils (s dafined on Plate Acl, Unified Soi! Classification System,

Undisturted semples of the 10ils penetrated by the explorstion
test borings wers obtained (n Demes & Moore Soil Jemolers of the type
I lustrated on Flate A=), S0i] Samplar Type U. The Dames & Woore sol |
;-un ware driven spproximately |8 inches Inte the soil with o hasmer
waighing spprox imately Je0 pounds falling spproximately 26 inches. The




A=

Standard Penatration Tests ware performed ut!lizing & split spoon semeler
heving an outside diemeter of twe inches and an (neide dismeter of one and
threasaighths of an inch. The split spoon sempler was driven 18 nehes
Inte the ground with & hammer weighing 160 pounds falling JO inches. The
number of blows required to drive the Demes & Moors 10i! sempliers and the
s0!it spoon sampler for the second and third sin inches of penetration are
recorded on the Log of Borings.

T™he boring locations and the slevations of the ground .urfece were
provided to us by & survey crew fram the flrm of Nunter, Whittier and Solbery
located In Midland, Mighigen, The ground surface slevation is shown sbove
the log of sach boring. These sievations refer to the U.5.6.5. Datum,
SABSATORY TESTY

Atrengih Tests « Oirect shear, unconfined compression and triexisl
COMDress ion tests ware performed on selected undisturded sampler to evaluate
the strength charscteristics of the various soils penetrated by the borings.

The direct shear tasts ware parformed (n the manner described on
Plate A«s, Mathod of Performing Direct Shear and Friction Tests. Unconfined
comprassion end triexiel compression tests ware performed (n the menner
described on Plate A<, methods of Performing Unconf ined and Triexisl
Comprass ion Tests. Strass=strain curvas ware plotted for ssch statie
strength test. For the direct shear tests, the shear strength (s yield point
Strangth or the strength at & daflection of onestenth of an Inch whichaver
pecurs first, For the unconfined compress ion and trianial compression tests,
hearing SLrengths ware chosen sssuming that the angle of internal friction
of the cohasive 10118 was squal 10 Tero. The shesr SLrengihe presentes are
aither pesk strengths or the strengths ot an axlel dafloction of ten percent



A-)

of the sample height, whichever occurred first. Oetermination of the meisture
content end dry dens ity were made in Conjunction with sech strangth test. The
results of the strength tests, together with the ssoc sted molsture-dens ity
datarminet ions are presented to the left of the Log of Borings (n the menner
described by the Key to Test Data shown on Flate Asl,

Gontei idation Teats « Consolidation tasts ware performed on repre-
Sentative undisturbed sampies and & remolded sempie of the soils penetrated by
the Borings to provide sdditional dete for estimat ng settiements of f11] and
foundat ions. T™he resuits of the consel idation tests are presented on
Plates A=TF through A=W, Consolidation Tast Dats.

Moisture-gens ity Test) < Moisturesdensity tests were performed (n
conjunction with sseh strangth and consol idetion test. Additions! moisture
end/or density tests ware parformed on salected sampies for correlation
purposes. T™he resuits of the moisture and/or density tests are presented to
the iaft of the Log of Borings In the sanner described by the Key to Test
Date shown on Plate A<l

Sain Sige Distribytion « A determination of the grain size dis-
tribution of seiected sempies of sendy s0/'s axtracted from borings wes
made to facilitate clasnification of these seils, The results of the
machan ical analiyses performad to detarming the grain size distribution are

prosented on Plate A<l Grain Slae Anelysas.

Ll N
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QnAN € MOOULYS OF EIASTICITY:
A revised derivation of sppropriate velumof dyramic modulus of
elasticity (E) for the very stiff to hard clay soils underiying the site is

o follows:

sl LA

% x 108
0. 10¢ 12 x 108
0.20¢ 17 x 108

Poisson's Ratio mey be assumed sque! to 0.6, The sbove moduius of
slasticity values are spprox imete and |t (s recommended theat they be varied
by plus or minus 50 percent in analyses to evaluste their influsnce It i
eticipated thet soi! demping will be in the rengs of five to ten percent.

The above values are derived from the dets of Idriss and Seed
publ ished In the Decemder 1968 Issue of the Bulletin of the Seiwmlagical
Soc ety of Americe.
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The following Plates are atteched sand comelete this Appendix:

Plate A=1D
Plate A~ 1K
Plate AIF
Plate A-1G
Plate AN
Plate Al
Plate A~1J
Plate A-ix
Plate A-iL
Plate A=in
Plate A~in
Plate A-1D
Plate A-1p
Plate A-1Q

Plate A-1§

Plate AT

Plate A=y

Log of Borings
Log of Borings
Log of Borings
Log of Borings
Log of Borings
Log of Borings
Log of Borings
Log of Borings
Log of Sorings
Log of Borings
Loy of Sorings
Log of Borings
Log of Sorings
Lig of Borings

Log of Probe Scrings

o, P5, ")

Log of Prede Sorings

»10, Pi1)

Log of Probe Borings

(soring 7)

(Boring 8)

(soring 9)

(soring 10)
(Boring 1)
(Soring '2)
(Boring 13)
(Boring '4)
(Boring 15)
(Boring '6)
(Boring 17)
(8aring 18)
(doring 730)
(Soring 731)

Pk, pI§, P16, P1])

Log of Probe Sorings
0, M, M2)

same .

(Prode Sorings PI, P2, P,

{Srobe Sorings P7, PR, P9,

(Prove -'.’ 2, ",l

(Prove BSorings P18, #19,



Plate A=l
Plate A=}

Plate Ak

Plate A5

Plate A6

Plate ATF
Plate A-75
Plate A=W
Plate A1)
PLATE A-12

Plate A=Y

A6

nifiad Soil Classification System

Soi! Sempier Type U

Mathod ¢ Parforwi “act Shear and
Friction Tests

Mathod of Perfarming Unconfined Corpression
d Triaxial Compression Tests

Mathod of Performing Consol idetion Tasts
Consolidetion Test Data

Consolidation Test Daca

Conso ! idation Test Data

Grain Size Analyses

Correspondance from Griffin wellpoint Corporation

Skatch of Proposed Locations of Upper and Lower

Demataring Systens
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METHOD OF PERFORMING DIRECT SHEAR AND FRICTION TESTS

DIRECT SHEAR TESTS ARE PERFORMED TO DETERMINE
THE SHEARING STRENGTHS OF SOILS. FRICTION TESTS
ARE PERFORMED TO DETERMINE THE FRICTIONAL RE-
SISTANCES BETWEEN SOILS AND VARIOUS OTHER MATE-
RIALS SUCH AS WOOD, STEEL, OR CONCRETE. THE TESTS
ARE PERFORMED IN THE LABORATORY TO SIMULATE
ANTICIPATED FIELD CONDITIONS.

EACH SAMPLE IS TESTED WITHIN THREE BRASS RINGS,

DIRECT SHEAR TESTING
& RECORDING APPARATUS

TWO AND ONE-HALF INCHES IN DIAMETER AND ONE INCH
IN LENGTH. UNDISTURBED SAMPLES OF IN-PLACE SOILS
ARE TESTED IN RINGS TAKEN FROM THE SAMPLING
DEVICE IN WHICH THE SAMPLES VERE OBTAINED. LOOSE SAMPLES OF SOILS TO BE USED IN CON-
STRUCTING EARTH FILLS ARE COMPACTED IN RINGS TO PREDETERMINED CONDITIONS AND TESTED.

DmRECT SHEAR TESTS

A THREE-INCH LENGTH OF THE SAMPLE IS TESTED IN DIRECT DOUBLE SHEAR. A CONSTANT PRES-
SURE, APPROPRIATE TO THE CONDITIONS OF THE PROBLEM FOR WHICH THE TEST IS BEING PER-
FORMED, IS APPLIED NORMAL TO THE ENDS )F THE SAMPLE THROUGH POROUS STONES. A SHEARING
FAILURE OF THE SAMPLE IS CAUSED BY MOVING THE CENTER RING IN A DIRECTION PERPENDICULAR
TO THE AXIS OF THE SAMPLE. TRANSVERSE MOVEMENT OF THE OUTER RINGS IS PREVENTED.

THE SHEARING FAILURE MAY BE ACCOMPLISHED BY APPLYING TO THE CENTER RING EITHER A
CONSTANT RATE OF LOAD, A CONSTANT RATE OF DEFLECTION, OR INCREMENTS OF LOAD OR DF-
FLECTION. IN EACH CASE, THE SHEARING LOAD AND THE DEFLECTIONS IN BOTH THE AXIAL AND
TRANSVERSE DIRECTIONS ARE RECORDED AND PLOTTED. THE SHEARING STRENGTH OF THE SOIL
Is DETERMNED FROM THE RESULTING LOAD-DEFLECTION CURVES.

FricTioN TESTS

IN ORDER TO DETERMINE THE FRICTIONAL RESISTANCE BETWEEN SOIL AND THE SURFACES OF VARIOUS
MATERIALS, THE CENTER RING OF SOIL IN THE DIRECT SHEAR TEST IS REPLACED BY A DISK OF THE
MATERIAL TO BE TESTED. THE TEST IS THEN PERFORMED IN THE SAME MANNER AS THE DIRECT
SHEAR TEST BY FORCING THE DISK OF MATERIAL FROM THE SOIL SURFACES.

DAMES 8 MOORT
APPUED EART™ SCIENCES

PLATE
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THE SHEARING STRENGTHS OF SOILS ARE DETERMINED
FROM THE RESULTS OF UNCONFINED COMPRESSION AND
TRIAXIAL COMPRESSION TESTS. IN TRIAXIAL COMPRES-
SION TESTS THE TEST METHOD AND THE MAGNITUDE OF
THE CONFINING PRESSURE ARE CHOSEN TO SIMULATE
ANTICIPATED FIELD CONDITIONS,

UNCONFINED COMPRESSION AND TRIAXIAL COMPRESSION
TESTS ARE PERFORMED ON UNDISTURBED OR REMOLDED
SAMPLES OF SOIL APPROXIMATELY SIX INCHES IN LENGTH
AND TWO AND ONE-HALF INCHES IN DIAMETER. THE TESTS
ARE RUN EITHER STRAIN-CONTROLLED OR STRESS-
CONTROLLED. IN A STRAIN-CONTROLLED TEST THE
SAMPLE IS SUBJECTED TO A CONSTANT RATE OF DEFLEC-
TION AND THE RESULTING STRESSES ARE RECORDED. IN
A STRESS<CONTROLLED TEST THE SAMPLE IS SUBJECTED
TO EQUAL INCREMENTS OF LOAD WITH EACH INCREMENT
BEING MAINTAINED UNTIL AN EQUILIBRIUM CONDITION
VITH RESPECT TO STRAIN IS ACHIEVED.

YIELD, PEAK, OR ULTIMATE STRESSES ARE DETERMINED  TRIAXIAL COMPRESSION TEST UNIT

FROM THE STRESS-STRAIN PLOT FOR EACH SAMPLE AND
THE PRINCIPAL STRESSES ARE EVALUATED. THE PRINCIPAL STRESSES ARE PLOTTED ON A MOHR'S
CIRCLE DIAGRAM TO DETERMINE THE SHEARING STRENGTH OF THE SOIL TYPE BEING TESTED.

UNCONFINED COMPRESSION TESTS CAN BE PERFORMED ONLY ON SAMPLES WITH SUFFICIENT COHE-
SION SO THAT THE SOIL WILL STAND AS AN UNSUPPORTED CYLINDER. THESE TESTS MAY BE RUN AT
NATURAL MOISTURE CONTENT OR ON ARTIFICIALLY SATURATED SOILS.

IN A TRIAXIAL COMPRESSION TEST THE SAMPLE IS ENCASED IN A RUBBER MEMBRANE, PLACED IN 4
TEST CHAMBER, AND SUBJECTED TO A CONFINING PRESSURE THROUGHOUT THE DURATION OF THE
TEST. NORMALLY, THIS CONFINING PRESSURE IS MAINTAINED AT A CONSTANT LEVEL, ALTHOUGH FOR
SPECIAL TESTS IT MAY BE VARIED IN RELATION TO THE MEASURED STRESSES. TRIAXIAL COMPRES-
SION TESTS MAY BE RUN ON SOILS AT FIELD MOISTURE CONTENT OR ON ARTIFICIALLY SATURATED
SAMPLES. THE TESTS ARE PERFORMED IN ONE OF THE FOLLOWING T AYS:

UNCONSOLIDATED-UNDRAINED: THE CONFINING PRESSURE IS IMPOSED ON THE SAMPLE
AT THE START OF THE TEST. NO DRAINAGE IS PERMITTED AND THE STRESSES YHICH
ARE MEASURED REPRESENT THE SUM OF THE INTERGRANULAF STRESSES AND PORE
WATER PRESSURES.

: THE SAMPLE 1S ALLOYED TO CONSOLIDATE FULLY UNDER
THE APPLIED CONFINING PRESSURE PRIOR TO THE START OF THE TEST. THE VOLUME
CHANGE IS DETERMINED BY MEASURING THE WATER AND/OR AIR EXPELLED DURING
CONSOLIDATION. NO DRAINAGE IS PERMITTED DURING THE TEST AND THE STRESSES
THICH ARE MEASURED ARE THE SAME AS FOR THE UNCONSOLIDATED-UNDRAINED TEST.

DRAINED: THE INTERGRANULAR STRESSES IN A SAMPLE MAY BE MEASURED BY PER-
FORMING A DRAINED, OR SLOW, TEST. IN THIS TEST THE SAMPLE IS FULLY SATURATED
AND CONSOLIDATED PRIOR TO THE START OF THE TEST. DURING THE TEST, DRAINAGE
IS PERMITTED AND THE TEST IS PERFORMED AT A SLOW ENOUGH RATE TO PREVENT
THE BUILDUP OF PORE WVATER PRESSURES. THE RESULTING STRESSES THICH ARE MEAS-
URED REPRESENT ONLY THE INTERGRANULAR STRESSES. THESE TESTS ARE USUALLY
PERFORMED ON SAMPLES OF GENERALLY NON-COHESIVE SOILS, ALTHOUGH THE TEST
PROCEDURE 1S APPLICABLE TO COHESIVE SOILS IF A SUFFICIENTLY SLOY TEST RATE
IS USED.

AN ALTERNATE MEANS OF OBTAINING THE DATA RESULTING FROM THE DRAINED TEST IS TO PER-
FORM AN UNDRAINED TEST IN WHICH SPECIAL EQUIPMENT IS USED TO MEASURE THE PORE WATER
PRESSURES. THE DIFFERENCES BETYEEN THE TOTAL STRESSES AND THE PORE WATER PRESSURES
MEASURED ARE THE INTERGRANULAR STRESSES.

DAMEL < MOORE
=
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METHOD OF PERFORMING CONSOLIDATION TESTS

CONSOLIDATION TESTS ARE PERFORMED TO EVALUATE THE VOLUME CHANGES OF SOILS SUBJECTED
TO INCREASED LOADS. TIME-CONSOLIDATION AND PRESSURE-CONSOLIDATION CURVES MAY BE PLOT-
TED FROM THE DATA OBTAINED IN THE TESTS. ENGINEERING ANALYSES BASED ON THESE CURVES
PERMIT ESTIMATES TO BE MADE OF THE FROBABLE MAGNITUDE AND RATE OF SETTLEMENT OF THE

TESTED SOILS UNDER APPLIED LOADS.

EACH SAMPLE IS TESTED WITHIN BRASS RINGS TWO AND ONE-
HALF INCHES IN DIAMETER AND ONE INCH IN LENGTH. UNDIS-
TURBED SAMPLES OF IN-PLACE SOILS ARE TESTED IN RINGS
TAKEN FROM THE SAMPLING DEVICE IN WHICH THE SAMPLES
VERE OBTAINED. LOOSE SAMPLES OF SOILS TO BE USED IN
CONSTRUCTING EARTH FILLS ARE COMPACTED IN RINGS TO

PREDETE RMINED CONDITIONS AND TESTED.

IN TESTING, THE SAMPLE IS RIGIDLY CONFINED LATERALLY

DEAD LOAD-PNEUMATIC
COMSOL | DOMETER

BY THE BRASS RINC.. AXIAL LOADS ARE TRANSMITTED TO THE
ENDS OF THE SAMPLE BY POROUS DISKS. THE DISKS ALLOW
DRAINAGE OF THE LOADED SAMPLE. THE AXIAL COMPRESSION OR EXPANSION OF THF SAMPLE IS
MEASURED BY A MICROMETER DIAL INDICATOR AT APPROPRIATE TIME INTERVALS AFTER EACH
LOAD INCREMENT IS APPLIED, EACH LOAD IS ORDINARILY TWICE THE PRECEDING LOAD THE IN-
CREMENTS ARE SELECTED TO OBTAIN CONSOLIDATION DATA REPRESENTING THE FIELD LOADING
CONDITIONS FOR WHICH THE TEST IS BEING PERFORMED. EACH LOAD INCREMENT IS ALLOWED TO
ACT OVER AN INTERVAL OF TIME DEPENDENT ON THE TYPE AND EXTENT OF THE SOIL IN 1HE

FIELD.

PLATE A-8
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LACKSONVILLE, FLORIDA
904.388-7812

=OUSTON, TEXAS
7139232724

HAMMOND., INDIANA

s uu:::::t.‘.::clldl February 22, 13€9
305-683.0702

NORFOLK, VIAGINIA
703-625-6%224

NEW YORK, N VY
2. 7921800

CHICAGO, ILLINOIS
312-374.22%%
QUEBEC. CAMADA

663-3221
Dames & Mcore Company
309 wWest Jackson Blvd. Re: Nuclear Power Plant
Chicago, Illincis 60606 Midland, Michigan

Attention: Mr. Billl Moore
«eéntlemen:

From a study of avallable preliminary plans, boring data, soll samples,
grain-size curves and a soil profile cf the proposed excavation area, we
propose the excavation be open-cut on the Northeast side on approximately
two (2) horizontal to one (1) vertical slopes, (to allow for bterms at eleva-
tion 600.0 and 5§5.0 for unwatering and stabilizing this area of pervious
materi?l with a 2-stage interconnected wellpoint systen. (See attached
sketch).

Although the soil samples visually appear to be a fine sharp and clear sand,

the grain size analysis, and previous wellpoint dewatering in this area, in-

dicates that the wellpoints must be installed with vertical sand fllter-wicks
for required drainage and drawdown.

Since the clay strata varies in depth over this Northeast Side, there may be

ome dips in the clay that will require a small amount of sand-bagging.
However, since the pervious solls get deeprr away from the excavation and
toward the Northeast, this sandbagging should be a minimum item.

Our estimate of the cost of this dewatering (with no mark-up) is approxi-
mately $ 68,000.00 for six months pumping, plus (or minus) $ 270.00 per
calendar day thereafter.

If there are any questions on the above.....or changes in the plant location
«ess.please call us,

Very truly yours,
GRIFFIN WELLPOINT CORPORATION
(Indiana)

{, H. Hockberger
RHH/ms Vice President

Enclosure: Sketch of 2-stage wellpoint location
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L 1

TURBINE BUILDING

SCALE : 1" ~ 80'
A

SKETCH OF PROPOSED LOCATIONS OF
UPPER AND LOWER DEWATERING SYSTEMS

DRAWING REFERENCE :

ORIGINAL SKETCH PREPARED BY
GRIFFIN WELLPOINT CORPORATION
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I am lairg Tnizuvengzcam. [ 2m wita Jonsuzmers sover Lompany a8 & s3tafl Iagsineer
in the FProlest Tagineering Services Caepartnent.
20 Pewmediat “tuats
I will 2@ cescridins tne remecial messurayin proevess or pleancd ror %he
first five items on the agenda under Artisle 3. (S1lide 3.1.1). Marcely,

L)

27, 43, tank farm, diesel -il storege tanks and undersround fecilities.

Theze remellal mazsurcs are digsussed in srest detsil in sur resvonses

-

--

t> 5C.54(2) questicns and 50.57 e) submittals. Therefore, I will
o2 Presenting arly a brief cutline of_the ramedisl wvork.

Diesel ! 33ilésae (82 i,1.2)

The diesel generator building is & boxe-scaped structure. Its main
FTPos2 Is to proviie a 2ousiag for tie four euergensy dlesel zenerstors.
T2e structwral wall: are very rigii. The tuilding is supported om

eiriz foctings. The building and the gezerztor pedestal are founded

¢z erproximately 30 feet of f£1ll, In summer of last year, setlements
=ore than anticipated values were chserved, A detailed scil iavestizaition
wag conducted. Tae packfill was found to consist of soft to very ssif?
clay with pockets and layers of very loose %o dense sand Leckfill, The
conclusicn of the investigation was that the £ill was mat adegqustely
cerpectec. 3Sased upon the recommendation of our soil consultents,
Professors Peci and Hendron, the remeciial meazure chosen wes =0 srelcad
the exiszsting baci?ill by layers of saz? = R L

(Slize 3.1.3) - Inis slide chews in plin zhie extent of sand surcharge.
The surcharge vas gradually applied in steps. To date, the back?ill
undar the 41,090 Bullidng ir sublested to 29 f-at thisk of senl

arsharge.  TLiz glile (81232 2.1.4) thows g ore=s gsasticr of sue



biildin~ ard the surchor=-s, The surchar-e will produce stresses in the

e e - = & - AEE R Loe e . ) « sm sy e e e R
ceme BeChwes vomest VS e ey Blew s S oMew SarvsewswE Wiewes Yhew W Ve wwvEe -

s * '-l . L. 429 . <41
eratianal, 43 zupasnavs: will remain until exces: pore presiures

i

are essentiallv disginated and the rate of residual settlement beccmes

: . IRt T - - - % e T aks
i G5ie v WS Diteesocw sracosvatively Ty sutrartasesst.

™ae mrelsad gsnsslidstes 227t areas of clay fill; hovever, will not
eiznificantly improve the guality of loose sands. The zotential of
liguelaction of these sands and cerial iewatering of the pla=t site as
a re=edigl measure “2r this problem will be sresented later in detail.
'32idé 3.1.3) - Tuls sille sacwe pian ani cvisse-secticmal elevatios of

S *7pisal 22e3ed

smoraser paisstal, Tzis i3 e reinforced concrete

3erLast % mosd a wdwndwiow ""‘::?CS-‘:". 3.-,-..‘.. -~ &c-_\c }'!i. ,.-1

e van S aar --g - ———— - - weap see e

beneath the pedestals have also consolidated resulting in differential
settlement. Differential settlement of the pelestals will have no effect
on alisnment of tie engine nnd?::norttor because they are both mounted

oz the sa=: foupdzticn. Turthermcre, because of the enormous gtiffness

ef the pedestal, 2o significant varping is erpected and the top of

the vedestal will gemerally lie within one plane. The diesel generator
will be set in a level position irrespective of the amount of differential
se-tlemsnt between <xe cormers of the pedestal. It will be achieved
either by a suitable layer of ;srout on the pedestal or by chipping a

®ew inchas of tep concrese and refinishiag it to the required level.

ag maskina {eant® hasr eontiderable tolerinns limitsy for tilt and roll.

SaTeral Puvbimas, cha pasnfrcturer of Lhe diesel ~enerator, gtated that



3

. ¢ 2 W
oA Ban =mde P2 s A dlasavd Rt el L& Gad val el ST Cunbiasd
2 57 combined basimrard i1t and wall will mot affact the performance of I¥: gy ag
N
we

wes  Tne geleraLons.  curLusIUCe, JUrily Operalion oI tne piant, i Zurther
dilferential settlcoent causss 50 excesd this tcleraace. the manulacturer
states that the cenevators can he chimmed beck to level position,
T..c.'az‘oro‘ia Sudiiarialus oo the wivy the remelial work of preload is

in progress and dewaterins of site is being vlanned for implementation

scon. Ne further remedial work on the pelestal than that mentioued

before {3 anticiveted,

3.2

(81ide 3.1.1) = The service water purp stricture is locsted in the

southeast end of the site adjacent tc the cooling pond. This (Slide 3.2.1)

8.ide soows & paan view oI tae siructule. .ne cooling pond is on the

soutiern side. lajor porticn of the structure is fcunded cn satural soil
terial except for the sortier:z portion waich is founded on £111.

(Slide 3.2.2) - This slide shows & crou-u:tiogf:'iw of the structure.

As mentioned earlier, the northern section, which is cantilevered off

the main tuilding, is founded on bdackfill material. As & follow-up to

the investigation of all Class I structures on fill, several dorings

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

wvas that some areas of the fill material under the northern part of the

structure wvere not sufficiently compacted.
Hovever, no significant settlement of the structure has been noted.

The reason for this is that the existing dead lcads from this portion are

teing suzportel by the =2:3% o the strustiure throurh cantilever action.
-
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The rencdia’ =2acure chcsen was %2 3uTnert the north wall on niles

BaaPhik B 3 . . « e L eaw - > B CHREEE , R TP
- v . saw " o e e mammE e we pamew mw - S e - .-

¢ - wpd 4 Y @ des?
EXFetient giution witay sini=yl IMpact &0 tae pinesile.

(G'NJ._ 22 % 0 Muia -1“, almm - ‘.- “-tom Shw --b'
- < et e e Cerw = - o - -

-
- e - -

13
of 1€ piles i3 zlamned at ti.) time. The piles will have a capecity of

130 tons anc are desimmed as bearing piles to carwy only vertical
oad. The plles will be pipe piles 7illed with concrete. Ther will
be preiril_ed thrcuck tie fill anl driven 4299 che glacial till. The
lengta of piles i3 expected %o be 50 fee:x.

-~ LY -y -2 | p— & s
e, w Sote $oiih 1323 L st

l1oad from the wall 4o the piles 2y & sysztsrm 2f reinfersel ssmavate

(Slide 3.2.5) = The concrete cortels vill be anchored to the wall by A
systez of anchor bolts. The pipe piles in turn would be jacked against

the cortels tc e7%ect the transfer of load.

A test pile will te loal tested to determine its caracity.

- e -

(Slide 3.3.1) - This slide shows tank farm iz plan. There are two

BWSTs, a utility tank and a primary storace tank. Of these, only BWSTs are
safety related. The BUIT has a capacity of 503,000 gallons, 52 feet in
dlazeter and 32 feet in height.

(211e 7.3.2) = The 2ok 13 gurma=ted on a short snncrete siss sisder

enadng fn g el rootlag.  Tue tutk Wy 13sels is culte tiexihie,



3.4

Adtoinins the rins =irier fyr eunh tenk theve is a ev2ll boxeshaped

o : sy % W @ ., -t -, v wnm wmtiic e smd abdbhaw saantwats
RSN Y0 R Sy AR Ry < 2" S ‘ e,

- » - o4 » . - .. iny » - -
Ao wwecane A amtvostion §F ¢lus £UAR 2.1 VIWTE FLLE ATE COTG.0CR

and instal.ation Of DipiIAg iS5 13 Drugress. A & LUascwW=up o 0

4ha {mwastisetiam a® al) Clase T atwnetuvaes founded as rill. several

borizses and te3t it eralnatisns vwere dcme in the tork fars ares,

The results of the investization incicate TLAU tae taucs are supported
zediu= to very sti.” elay vaekriil with sssasiszal geilus tc very

desne sand larers. ..p acniisticn or she 2411 is suittbie fap tae SuIOYE

0? the tanks. 7o ceanfirm this, the tanks will be comssrueted and fill

den waser in crder ts rare a4 fullezzale %est oF the “rundazion seil.

**

e (21430 2.3,3) 3%1%e ghowy the laorout of Yorated water lines entering
the 4aslk 4hwaish “ha walws piés,  The pivins conmecticns are deine mede
to allow start-up, flusning, filling and testing of the tank. Zelected
points on the piping betweea EUST ari the auxility bullding will e
monitored for settlerenmt iurin- constructicn phase. Any differential
gettlemens whetewas measurec will be anclyzed in accordance with

established proccedures.

Iz susmary, the Sackfill zaterial on which the ZUSTs are founded is
satisfactory and will be conirmed by a load test. Dcrated water lines
will be momitovel asi svaluated for any di:ferential settlements.
Therefore, 22 reanslizl asticn is anticiapted for these structures.

ne e -y ™ amts

(1429 2.1.1) =« e ~f] gtove e Lan'is ove luratel goutheast o the
Taral =sapayataw Vol idme Thaps wre b tanis, ewch 1T feet In diametor

Bl %4 JOBe sdb Gvu e



(Slide 3.4.1) « There is six feet of earthen cover over the top of the
Sank, Mia tank {e srmarted et *hras nainte anchovred to concrete
pecsctutds The tanks are founleld on BLAlill and results of doring
RO e Ladicates 53T T Taiks A Fuppd. 23 08 Lddla 0 SUILT

saniy clav backfill. This soil vouditios is adequate to support tue tanss.
Moreover, the weight of the tanks is approximately equal to the fill that
it repiaced. In order to verily tiut the L1 15 satisfestory, tuese
tanks have been “illed with vater and settlements are being monitored.

It hes been three zonths siace the tanks have teen filled with vater

and no appreciable settlements have been noted yet. Therefore, “he
vackfill is adequate and no remedial measures are anticiapted.

Undersrrund Fasilities

The underground facilities that will be discussed are Seismic Category I
piping and electrical duct banks. This (Slide 3.1.1) slide shows
safety-related piping, namely Service Water Lines, from the auxiliary
building to the service water structure and iiesel generator building
to the service water siructure. Sorated water lizes from the auxiliary
duilding to BWST and diesel o1l lines from the diesel oil storage
tanks to the diesel generator bdullding, Electrical duct banks are

alsc shown in this slide.

To evalute the present condition of piping, & representative group of
piping vas selected and profiled by a Nold Agquaducer Profile Settlement
Gauge. This (Slide 3.5.1)slide shows for illustrative purposes s

plot of one of the lines profiled. All the pipes profiled were
reznalyzed taking iats account the =measured differential settlement

in scoordance with the provisions of current codes. The analyses

oo e . —

—-—— —— - - -



shewed that tie ¢olust of differential gettlevwnt on the stresses were

mimdmatl amd wmiah Rat e dhn ‘,o.‘ ad® AV it o .‘.n--‘-. LR N _”
. . . “_ @ Saradi'y e ’ " = N e o A 3
-—— T I3 ..',..; weshew .;ou.:.-.i. Novew +w COVA W -3-."$- !'é'«l‘li.‘4o

iu SuLSAry. Tue Ui.es are very Juctiie and calculations show thet
effecty of differentisl gettlement urderpore 3¢ far have minizal effect

wee wUiVdenes  cwmedd.0s8, Lo Peuealal WOrK 18 anticipated wiia resards

ssicsing FVC and rigid

gteel coniilta tivg puuvidiag villifor the sables. Zariier, i

deecrided the smeinuics shooky *het q:-: '--'-—r.'. Yy Sneginey

thrcurh all the veids, This prosram estatlishes the fac* that. %o 4ate,

the duct banks are intsct. Purthermore. the !m‘.:t banks are rein®orced
Besioadé

with gezizal emousnt of steel therefire pesses cousiderable amcunt of

dactility in bderding.

(Siide 3.5.2) = A prelizinary caloulation inilzated tip e typical dues
.

Bant: of 100 feet in lentik caa unlergc a maximum of «",0f centrel

deflection in purscendinpg at ultimate load.

In suzmary, the interrity of tze t;:ct ban I3 establizhed %y pazsing a

radbit thresh duriag renatruction and tli Juet Tusk by {tsclf is ductile

v

and zan abgerd considervable amount of differsential cettlement
wvithout signiricant stresses., Therefore, nc remedial messures are

4 ndwm o ] & ‘ -
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SCOTE
A. GENERAL
1) The work to be performed under this Subcontract shall

consist of designing a dewatering system capable of
lowering the groundwater to a minimum elevation of
580 feet with the at el 627'+. The lowering of
the groundwater will allow others to excavate
portions of the auxiliary buiiding and feedwater
isolation valve pit in a dry condition. This
specification includes Q-.isted work to be rrtomd
exclusively Ly Contractor as noted in Article 7.

B. ITEMS INCLUDED

1)

2)

3)

4)

$)

6)

7)

8)

1)
2)

Design, furnish, install, maintain, operate, and
::-ow{c devatering system as indicated in the design
awings.

Provide and maintain standby equipment and power of
sufficient capacity to perform the intended work.

Install, maintain, and observe observation wells
and/or piezometers and test pits for logging the
water table elevations at the locations as required
and approved by Contractor.

Dispose of the groundwater to the cooling pond by
installing a piping system from the dewatering system |
indicated in the drawings to the site storm drain A
system |

Provide protection of the dewatering onu. in areas
dutgmud AS construction access as in the
drawings .

Grout placement for all dewatering holes and wells
upon completion of the subgrade dewatering.

Install 1/4-inch pefcocks, bushing, and nipples at
each dewvatering well for obtaining samples of the
return wvater.

'\

Provide all reoducers, couplings, pipt:! etc necessary
to adapt Contractor's flow meters to discharge line,
fire hydrant, and recirculation line.

RELATED ITEMS NOT INCLUDED

Access roads to the area
Inspecting the water being pumped to detarmine the I

.

amount of fines being removed. In this P

specification, fines are defined as any nonorganic
materials coarser than 0.005 millimeter. ’



“.

A.

3)
4)

5)

6)

7

8)
9)

10)

Specification 7220-C-88(Q), Rev2

Concrete grout for sealing holes and wells ‘

Excavation required (trenching) to provide the areas
for installing the dewatering systems

Location of all utilities, embedded plant facilities,
and other subsurface structures at location of
the dewatering system

Drilling holes through the turbine building and
auxiliary building co' zrete floors at elevations 614'
and 634' at the locations required by Subcontractor

Repair the holes drilled in the auxiliary building
and turb building concrete floors

Electrical power to operate the pumps

All lines, ade, survey, excavation, fill, backfill,
and protaction of dewatering equipment at the road or
Tamp Crogsing as necessary

Repair and/or replacement of any utilities, embedded
plant facilities, and/or other substructure
encountered at the locations indicated by Contractor
for locating eductor wells

Subcontractor shall be responsible for the quality of
items and services to meet the requirements of K
specification, applicable codes and standards, and
other contract documents.

3. SUBMITIALS

1)

Engineering document and quality verification
document requirements are summarized in Form G-321-D
and are o:roam by detailed requirements in this
specification.

Subcontractor shall submit the following procedures (in
detai) ) to the satisfaction of Contractor.

1)
2)

Dewatering plant area procedure
Test pits procedure
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3) Observation wells IA
4) Jetting procedure
$) Grouting procedure

4. SERVICE REQUIREMENTS

A.

OPERATIONAL REQUIREMENTS

1) An adequate dewatering system shall be installed to
lover and control the groundwater to provide a dry
condition during construction, excavation, and
placement of fill materials. The dewvatering system
shall be capable of lowering and continuously
maintaining the groundwater level to el 600'
initially so construction work can start and then
100.:::: and maintaining the groundvater level as
direc by Contractor to a minimum e¢levation of 580'
until a written directive from Contractor to cease
devatering operations has been received.

2) Dealeted

3) Contractor shall t”v“. operating electrical power.
The drawing will indicate these locations.

SUBCONTRACTOR'S RESPONSIBILITY

1) Subcontractor shall be solely responsible for the
design, installation, operation, and removal of a
devatering system. This system shall prevent the
loss of fines in the soil, seepage, bolls, quick
conditions, or softening of the foundation strata.
The stability of sides and bottom of excavation shall
be maintained, thereby resulting in every phase of
the excavation and construction being performed in
dry conditions.

DATA AVAILABLE

1) The subsurface data and preliminary pump test results
are available upon request and aire foL
Subcontractor's informalion only. Subcontractol
assumes the responsibility for any deductions,
::::n::::um. or conclusions made on the basis of

. .

2) The test boring report and the Dames and Moore Report
for this plant are located at Contractor's office and
are available for review,

3) The estimated slevation of the groundwater table i»s
627 feet,

.
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APPROVAL OF DEWATERING SYSTEM

1)

Approval by Comtractor of the dewatering system
proposad by Subcontractor will be only with respect
to the basic methods Subcontractor intends to use.
Approval of the dewatering system will be based on
the demonstrated performance of the system to satisfy
the requirements for dewatering as specified.

CONTROL

1)

2)

The observation wells, piezometers, and measurements
of fines shall be used as . primary basis of
determining compliance with the requirements of this
specification.

Test pits shall be used only as directed by
Contractor in writing.

S. FIELD OPERATIONS

A.

GENERAL

1)

Subcontractcer shall furnish, install, operate, and
maintain the dewatering system and, upon completion,
remove all dewatering equipment except as approved in
writing in advance by Contractor. Subcontractor
shall perform all asscciated work required to remove
and control the subsurface water so that the
excavatior, construction, and backfilling operations
can be performed completely in dry conditions as
approved by Contractor. All associated work required
to remove and control localized pockets of trapped
groundwater within the excavation will be acne by
others.

TRENCHING
1) Contractor shall peiform excavation where required to

allow for installation of the dewatering system.

TESTING DEWATERING SYSTEM

1)

Prior to any excavation below the groundwater level,
t'.- dewatering system shall be tested and placed in
operation to lower the water levels as required and
shall function continuously as required to provide a
dry construction area. The pumping shall continue
until the excavation and backfill operations are
completed to the uprer limits of the original
groundwater lewel. Subcontractor shall obtain
written approval from Contractor before discontinuing
the dewatering operation.

&\
.
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DISPOSAL OF WATER

1) Subcontractor shall be responsible for all surface
and subsurface water resviting from its operations
and shall dispose cof all water removed from the
dewatering system in a manner that will not endanger
public health, property, or any portion c¢f the work
under construction by other Subcontractors and
associates working in the area. The water shall be
conveyed through piping from the dewatering system to
the existing site storm drain system only after it 2\
has been monitored for fines.

STANDBY EQUIPMENT

1) Subcontractor shall provide standby equipment
installed and available for immediate operation as
may be required to maintain the dewatering adeguately
on a continuous basis in the event that all or any
part of the dewatering system may become inadequate
or fail.

2) Subcontractor shall provide and maintain, in an
operable condition, standby diesel-powered pumps
and/or generators of sufficient capacity to start and
operate all pumps and other required dewatering
equipaent for the duration of the Jewatering.

OBSERVATION WELLS

1) Subcontractor shall supply, install, take
measurements, and maintain the required number of
observation wells and/or piezometers and such
additional observation wells as may be ordered by
Contractor. Water levels in the observation wells
and/cr piezometers and volume of water shall be
recorded and submitted to Contractor daily, Monday
through Friday, during dewatering.

2) The observation wells shall be of a type that will
permit portions of the riser to be removed as the
excavation work progresses. The proposed type shall
be submitted to Contractor for approval prior ‘o
installation.

3) Subcontractor shall, by adding or removing water from
all observation well risers, demonstrate that the
observation wells are functioning properly prior to
commencement of dewatering.

4) Any observation wells and/or piezometers that become
inactive, damaged, or destroyed by Subcontractor
shall be replaced within 24 hours by Subcontractor at
no additional expense to Contractor.
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Jetting shall not be used for the installation of the
observation wells/dewatering wells under any
structure. Contrclled jetting may be used for the
installation of the observation wells/dewatering
wells outside the structures, provided the jet water
is brought up through the inside of the jetted casing
and does not blow up the outside of the jetted
casing. The above 1s 2pplicable after the casing has
been installed 10 feet below the ground surface.
Jetting shall be done in accordance with the
Subcontractor's approved procedure. l’

G. DEWATERING

1)

2)

Subcontractor shall be solely responsible for the
arrangement, locaticn, and depths of the dewatering
system neceassary to accomplish the work described
under this section of the specification. Limits of
the work are shown in the drawing. The dewatering
shall be accomplished in a manner that will reduce
the hydroctatic head in water-bearing strata below
any excavation to the extent that the water level and
piezometric water levels in the construction area are
substantially (a minimum of 3 feet) below the
prevailing excavation surface: will prevent the loss
of fines, seepage, boils, quick conditions, or
softening of the foundation strata; will maintain
stability of the sides and bottom of the excavation;
and will result in all construction operations being
performed in a dry condition. For the area outcide
of the structures where pervious soil strata overlay
considerably less pervious soil strata above the
subgrade level, the groundwater in the pervious
strata shall be lowered to within less than 2 feet of
the top of the less pervious strata. As the area is
excavated to the top of the less pervious strata, any
groundwater remaining perched in the pervious strata
above the less pervious strata shall be removed by
others. If the water bearing strata are found to be
absent, the well locaticn shall be abandoned and the |2\
hole shall be sealed in accordance with

Paragraph 5.G.7 of this specification.

The dewatering operation shall be controlled in such
a manner that the amount of fines of the soil in the

discharge water shall be limited to S ppm. This is

to be determined by measuring the amount of fines in

the return line and discharge line corresponding to ‘2;

E@o quantity of groundwater measured at the discharge
ine.

a) All dewatering and observation wells located
within the turbine building shall be installed ;25
using stainless steel well screen and risers. :
Unless directed otherwise in writing by the
onsite geotechnical engineer.
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b) Dewatering wells located outside the turbine
building area may be installed with a é-inch
diameter well screen, provided there is a
sufficient quantity of sand and approval is
obtained from the Contractor's onsite field
geotechnical engineer.

Jetting procedures shall be approved in advance in
writing by Contractor and as indicated in
Subparagraph 5.F.5 of this specification.

If the dewatering requirements are not satisfied
because of inadequacy or failure of the dewatering
system, locsening of the foundation strata and/or
instability of the slopes may occur. The supply of
all labor, materials, and the perfcrmance of all werk
necessary to carry out additional work for
reinstatement of foundation soil resulting from such
inadequacy or failure shall be undertaken by
Subcontractor to the full satisfaction of Ceatractor,
and at no additional expense to Contractor.

Prior to any excavation below the groundwater level,
the dewatering system shall be placed into operation
to lower the water levels as required and then shall
be operated continuously 24 hours a day, 7 days a
week until construction and placement of the subgrade
structure and backfill has been satisfactorily
completed and no longer requires dewatering, as
notified by Contractor in written form.

Subcontractor shall obtain written approval from
Contractor before discontinuing the operation of the
dewvatering system.

Subcontractor shall seal, with 2,000 psi minimum
concrete grout, any dewatering equipment buried or
left in place under the structure and all observation
wells, test pits, and holes after the dewatering
operation is discontinued in accordance with the
latest Michigan wells Act.

6. INSPECTIUN

A. CONTRACTOR

1)

2)

Contractor shall inspect the effluent of the well
points to determine the amount of material (fines)
being removed by the dewatering operation. This
monitoring is Q-listed and shall be in accordance
with 10 CFR 50, Appendix B.

The dewatering system shall be accepted by Contractor
based on the difference in quantity of fines measured
ia the return line and discl.arge line and correlated
with the quantity of grcundwater being discharged
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through a water meter calibrated in gallons. The
average quantity of fines shall not exceed the ratio
of 5 ppm.  The average quantity of fines shall be
determined by testing a sample of water from the
return line and the discharge line every Monday and
Thursday that the pumping is in operation using a
l-liter Buchner funnel. The filter paper shall aot
be coarser than 0.005 millimeters. The corresponding
number of gallons of groundwater pumped through an
In-Line flowmeter located on the discharge line shall
also be recorded by Contractor and the average ppm
calculated. Contractor shall also monitor the number
of gallons of recirculating water in Subcontractors
eductor system. Contractor shall supply the l-liter
Buchner funnel and filter paper (no coarser than
0.005 millimeters) for the testing, and three
flowmeters; one on the recirculation water line
(10-inch Sparling In-Line with totalizer, Saddle
Mount Series FM112) one cn the discharge line (6-inch
Sparling In-Line with totalizer Saddle Mount Series
FM112) and one on the hydrant (3-inch Sparling
In-Line with totalizer Series 162). If an individual
test indicates the fines are greater than 5 ppm but
the average ratio of fines to ground water pumped is
less than 5 ppm, Subcontractor shall be alerted. If
the quantity of fines exceeds the average ratio of

S ppm for the total quantity of groundwater pumped,
Subcontractor shall be notified that it has 24 hours
to correct the condition. 1If, after 24 hours,
Subcontractor has not been able to correct the
problem, Contractor shall begin a systematic testing
of each individual dewatering well. Any dewatering
wells found to produce greater than 5 ppm of fines
shall be repaired by Subcontractor or removed from
the system. Subcontractor shall notify Contractor
whenever it intends to purye any collected fines from
the eductor tank. Subcontractor will estimate the
quantity of water purged, and Contractor will collect
all material fiom Subcontractor's eductor tank. The
discharged bottom material shall be sieved through a
Number 325 U.S. standard screen. The collected
material shall be retained and stored for inspection
by the onsite field geotechnical engineer.

Easn individual well shall be inspected by Contractor

during installation in accordance with the following

criteria. After the initial 15 minutes of pumping,

the effluent shall be tested for fines using a

l-liter Buchner funnel.

a) If the fines observed are 10 ppm or less, the
well shall be accepted.

b) If the fines observed exceed 100 ppm, the well
shall be rejected and pumping stopped.

¢) 1f the fines observed are less than 100 ppm, but
more than 10 ppm, the pumping shall stop. The
well may be retested in accordance with the above

2\

S S
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criteria after a minimum of a l~-hour delay. If
the well has not met the acceptance criteria for
fines within three retests, the well shall be
rejected and pumping stopped.

4) Records shall be maintained for each well and for the
entire system, including the amount of fines (ppm) 4
each time readings are taken. L@S

B. SUBCONTRACTOR

1) Subcontractor shall perform all inspection and
recording of the piezometers/observation wells in
accordance with its apprnved procedure. All other
inspection shall be in accordance with
Subcontractor's approved procedures.

CLEANING AND RESTORATION

A. Subcontractor shall leave the work area in the same
condition as prior to the start of operation and to the
satisfaction of Contractor.

QUALITY ASSURANCE REQUIREMENTS

A. The monitoring of the fines of the soil in the discharge
water is Q-listed and shall be performed and controlled
by Contractor's quality assurance program.

B. Contractor has the authority to stop or regulate any part
of the dewatering operation to prevent damage to any part
of Contractor's work.

MEASUREMENT FOR PAYMENT

A. BASIS Or MEASUREMENT

1) The measurement of payment shall be in accordance 425
with the terms of the subcontract.
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APPENDIX A

DOCUMENTATION REQUIREMENTS

1.0 The Subcontractor shall furnish documentation in accordance
with the specification as summarized and directed by form
G-321-D. To complete form G-321-D, the Subcontractor
shall check in colusm 8 which documents are being trans-
mitted, and shall sign line 21. The Subcontractor shall
f11l in lines 13 through 20 as applicable. Entries such
a8 N/A (not applicable) and "See attached sheets" are
permissible. The completed G-321-D form is then used for
a cover sheet as directed on the back of the form.

Attachments:
3. Form G-321-D, Engineering and Quality Verification Document
Requirements
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and cortity the aemisl tieated, the procedure used, Tuimate Jimosphee, tume at temperature, cooking 13te, ote, Venhicalion data may Le in either narcatve or
tabuler form.

CERTIFIED MATERIAL PROPENTY REPORTS (V)

1.1 MTR (Cerntind Material Test Reports) - These reparts include afl chemacal, physical, mechameal and electrical property test dald required by the
material specitication aid sppheable codes. Thus is apphcable to cement, concrete, metals, cable jacket matenials, rebar, 1ebar sphices, ete. The cermified
MTR shail include a statersent of coniormance that 1he materal meets (he spetification requirements.

17.2 impact Test Daia — Resuits of all Churpy or drop weight tests includmg specimen configueation, test temperature and fracture data.

17.3  Fernte Oata ~ Report of the fernte percentage for stawiess steel materals used, including castings & weiding filler metas as deposited.

174 Materal Cernlicate of Comphiance ~ Veriiication document which certifies conformance to the requirements of the applicadie material specification.
175  Elecirical Progerty Repoirs — Report of eletiical characiensiics, eg., thelecing, impedance, resistance, llame test, corona, etc.

CODE COMPLIANCE (V) — Verilvina ducuments (such a5 dota Furns U1, N-2, State, e1e.), which are prepared by the manulacturer or wistaller and cernfied
by the Authornzed Code Inspecion

UT - ULTRASONIC EXAMINATION PROCEDURES (E), AND VERIFICATION REPORTS (V) — Method of detection and examination resuits of presence
and certain charsciensics of disconnnmnes snd mciusons in materls by the use of high (requency acoustic enevgy.

AT - RADIOGRAPHIC EXAMINATION PROCFOURES (E), AND VERIFICATION REPORTS (V) — Lethod of detection and examinynan results of
presence and coniain Characienisics of discontinuities and inclusions i materwls by x1ay of Gamma-ray exposurc of photngraghee fim.

MT - MAGNETIC PARTICLE FXAMINATION PROCCOURTS (C), AND VERIFICATION REPORTS (V) = Methad of detection anc exammanon results o f
wrlace (or nea sur lace) drcontinunties m magoetic maienal by driorton of an applied wagnetic Twid,

PT - LIQUID PENETRANT EXAMINATIUN PRUCESURLS (L), AND VERIFICATION REPOATS (V) - Method of detection and examinangn results of
surface dicontinuities m materals by appicaiion af 3 penetrating ligud n Comunc Hon wth sustabic devel oping technigues.

EDDY CURROCNT EXAMINATION PROCLDUNES (E), AND VERIFICATION REPORTS (V) — Method for detection and examinaton results of
Gontinuities w1 metenal by distor ion of a apyphed slectumagnetc lwid.

PRESSURE TCST - HYDRN, AIR, LEAK, HUDBLE OR VACUU TEST PROCCNURE (€), AND VERIFICATION RCPORTS (V) = Method lor evalvating
the structursl and mechamcal adeyuacy or b gty by apphication of dilferential pressures, and report of the test results.

INSPECTION PROCEDURE (E), AND VERIFICATION REPORTS (V) — Organized process followed for the purpose of determining that specified
requirements (dimensions, properties, performance results, etc ) are met Documented findings resuiting irom an mspection are included i the venification
repon.

PERFORMANCE TEST PROCEDURES (£), AND VERIFICATION REPORTS (V) = Tenis pecformed to demonstrate that functional design and operativnal
parameters are met and the repart of the test results.

251 Mechamcal Tests, ¢ 5., pump curves, vaive stroking, luad, iempe ature nse, calibration, emaronmental, etc.
262 Electrecal Temts, e.g., load, impuise, overlaad, continuity, voltage, temperaiure nise, calibration, satuiation, oss, etc.

PROTOTYPE TEST RFPORT (E & V)  Repor of 3 trst whech s periurmed on a standard or typieal examqie of equipment, nutenal o tees, and i not
requered for each item produccd m arder (0 substantiale the aceeptabiity of equcd tems. Thes noomally wdlodes tests which may, or could be rapoot @ o,
result in damage 1o the wem ) tested,

SUPPLICR SHIPPING PREPARATION PROCIDUNE () The proveduee used by o supphier 10 prepare linished mateisls o squipment tog st iment
from lus faukty 1o the jobsite.

7




Wfo MM FEE 2 »

.

a7 J K.

PROBLEM: "UNCOMPACTED BACKFILL" Plant Area-dces not Include Dikes
9
1s 1s NoT DISTINCTION CHANGES
D/G Bldg. Power Block Recent Plant Use of both C-210, C-211
Area Fill Prior - used only C-210
X-Former Pads Evaporator Not part of Dike/ Sand & clay vx clay alon
Bldg North Plant Area ‘
Fill
Condensate Cooling Tower Fill placed dur- Two contractors - Bechtel &
Tanks ing different Canonie
W time periods
H »
A Radwaste Bldg* Steam Tunnel Last ares to be Bechtel used C-211
T backfilled
2

N EMmmE

Tank Farm* Service**
Water

*Not as signi~ Circulating
ficant or wide Water
spread as other

areas **Problem
exists with

Guard House sands around
structure but
not under

Occurred Prior co

After 1975 1975

Settlements seem Large equipment to large &
to occur in small equipment

spread type

footings

Excavation/Re~- Use of ramps/temporary fill
excavations (sig-
nificant areas

Slowdown of 75 Specification interpretations

with personnel by didfferent individuals
changes

Late in joylcss deletion of 4" lift requirement
emphasis on civil

work
Cooling Pond Urgent need to see work com-
Filled pleted

Sand/structural fill used
together with clays

Qualification of personnel
way have changed

Differing weather conditions

Rebar problems occurred



PROBLEM: "UNCOMPACTED BACKFILL" Limited to Plant Area - does not Include Dikes
Is IS NOT DISTINCTION CHANGES
Plant Area Plant Area Sand incorporated Sand/clay interfaces - softing
Fill AFter Fill ;rior in £i11 of clays due to watering
1975 te 1975

E

X elev 612' & Below elev Smaller areas of Larger lift thickness for

: 1 above 612" £ill equipment and harder to

E control 1lift thickness

N

T Most signifi- Most extensive Introduction of smaller

? cant problem examination equipment
area south & re-excavations

MM

southeast of
Turb Bldg

Backfill
(clay)
(sands)

Glacial Till
Undisturbed

Natural
sands

Backfill
Concrete

North/West
Plant Fill

Require handling &
Placement by Equip-
ment

Clays - N/W Plant More mixing & material

dike iuterfacirg
sand/clay rest of

area

Area exposed the More winters

longest during
construction



Possible Causes

Test Yes No ? Cause
Use of different X Problem is only associated with areas
Specification which used Spec C-211
Recent Work X
Not Part of Dike/Plant X
(N/W) Area
Placement of Fill during X Different personnel different
different periods equipment
Last Areas to be X Schedule pressures
Backfilled
Occurs on spread FIGS X Design may be deficient
Excavations X Most significant problem in area wher:
Re-Excavation most excavation/re-excavation occurre«
Introduction of C-21! X Differing requirements/people/
interpretations
Different Materials X Differing methods for compaction -
addition of water to sands
Use of small equipment X Not able to compact as effectively (n
test pads for small equipment qualifi-
cations)
75 Slow Down a Changes in personnel and discontinuin;
of work
Filled Cooling Pond X Designed to be in saturated condition
Less emphasis on civil work X Less supervision and inspection
¥
Specification intrepretation X Relates to personnel
Larger lifts per spec. X Coupled with small equipment




Test Yes No Cause
Schedule pressures X Complete work hastily
Personnel qualifications X No soils engineer on site
Smaller fill areas X Relates to equipment and lifts
More Freeze-thaw cycles X These areas filled during several
winters :
Weather (dry or wet)
also when material was placed
Removal of temporary
ramps and fill X Uncompacted materials placed and

left in large amounts

Rebar Problem occurred

>

Deals - priorities for inspection/
extent of inspection




10.

11.

13.

14.

15.

ACTION PLAN

Define problem areas better by boring logs and TOPO's (PMO - work om this).
Define problems by elevations (use boring logs) (PMO - QA later).
Define difference between C-211 and C-210 (QA).
Define what work was done by Bechtel and Cancnie (PMO).
Define where trenches were made (excavations) (photos, TOPO's, etc) (PMO -~ QA).
List all equipment used by a) Bechtel
b) Canonie
(photos, rental sheets).
Look at changes in personnel/qualifications (QA, PMO).
Look at assignments o£ supervision to earthwork by period.
Look at telecons/FCR's to spec, DR's (QA).
Look at specs and also photos.
Look at rate fill in areas where there was problems (PMO).

Check problem areas with completion of the year's work (freeze - thaw) do with 4.

Look at number nf QC people assigned to soils, their time involved with soils
(IR's, FE Reports).

Ramps - Check photos, TOPO's, compare with borings (also gravelly areas in borings)

(can do in conjunction with 12, 4) (QA, PMO).

Review weather date for periods of problems (PMO).
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ie s I's Not A Dlslmcuons : (IChanges
‘ ~ WHAT - - f_ DG Bldg Pond Dikes _.  SpecMcceptance iReliancg omT.estir.g'
& S iao " Admin Bldg Plant Area Dikes - Criteria . =
o ‘.« 7, Transf FND incl€vap Bidg - .- Diff Material -~ lntroduced Struct
F. \ <. - CondTankArea  Cooling Vower .. -« iBackfill c-14)
:., . ' .+ Diesel Tanks  Radwaste Bldg . : £
\~ : ' Tank Farm Area .
: . ok ~ Pipe Tunnel
;:,j WHERE  Plant Fill Area . Glacial Till - Smaller Areas - ‘Small Equipment 4
& TR TN - (Undisturbed) Temporary Fill - Nonuniform
i ~ Insitu Natural - Ramps - Compaction |
5. - Sand " Q-listed Process  Different Contractors
*- '_ Backfilt under . .. (Inspection) - - YestiFreguency
L Pewerblack M- e L T
B ~,  N&W Plant Dikes
2 ' " Pond Dikes vk
% | (" Undisturbed Plant
% N ~ Fill(? Cond Tank
- Avea) . &
o LR R T vyt - Preliminary 20150



~ Test

SP£cmcmou IACCEPTANCE CRI IERIA

TESTING g
DIFFERENT MATERIAL -55?.3 =
STRUCTURAL BACKFILL

REEXCAVATED AND REFILLED AREA - -
{Procedures and Centrols)

SMALLER AREAS .
NGNUNIFORM 'COMPACTION
SMALL EQUI-PMENT {Large Lifts)

 POSSIBLE CAMSES -

i 'uo ?

: ;c;r,use 0

'No' : Used Al over ‘Site

\/ 'Questlonable under IReview, CheckrRIW
2 Under Review, 3Relales {0iProctors

. 'WUsed ‘All over Site
() /l'”rl\‘r}*{:") ’

lnvesllga!e Photos Procedures ‘Controls

: ”\
\V\’n Con '\-.,nr'__' P"'(rcn\H 3

. vy v e
! .Subcalegory of Reexcavated Area M
e . Used Ni over Site

wused .

TEMPORARY FHL NOT REMOVED 7 V' Review Photos
RAMPS ‘NOT REMOVED '7 i Review Photos
D | FFERENT CONTRACTORS No (1)
TESTFREQUENCY ?  Check RW
bhpoatoer : . | - ) _
e e R L TR 1L et Preliminary 215/79

¥
Y
Shoaer ar -
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VESTICNTE R 36 :OF r m.E CAE

Ly |

. REEXCAVATION AND BACKE| 1
Naterial Seledlou

Inadequate Procedyres & Controls
Review Phclos, Procedures, Controls & Subcontrac
S | TEMPORARY FILL AND' RAMPS: NO¥ REMOVLD
e Inadequate Procedures & Controls | : |
B L Review Photos, Procedures, Controls & Subcontraclor Daily Reporls
: Q LISTED PROCESS- INSPECTION PROCESS (7

Review Surveillance & Inspection Procedures in Relation to - -
Other Findings | : |

Audil Procedures Bechtel and Canonia
. TESTING

* Results are Questionable - Relied ory @
Testing is under Review
Procedure Changed 9/78

PERSONNEE

Minimal' tnvolvemend of Technical S;Jpporl after 78-75 Slowdown
bl - Bulk: of Earthwork Complete

- Review Qualifi-~tions of Testing., I’nspectipn-,.' & Supervisory Personnel

tor Daily Reports

Preliminary 2/1 5179
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MIDLAND PROJECT GWO 7020 - SETTLEMENT OF
MIDLAND DIESEL GENERATOR BUILDING ———
File: B3.0.3 Serial: CSC-13852 CommesronoEncE

GSKeeley

Reference: CPCo Memo = DRW-12-78 and DRW~13-78

In : 2ference to the comments presented in DRW-13-78, we provide the following
response for each numbered comment.

3

Although the Bechtel summary reports the percentage as percent
compaction, it is in fact percent relative density. A relative
density of 1257 does seem to be unreasonable, however, our
efforts have been focused on clays. A number of proctor curves
have been examined for compatibility with the zero air voids
curve and some of these tests fal’ outside the curve which would

indicate the selection of an incorrect standard for that particular
type fill.

Many tests were conducted other than those attached. A ramp was
constructed in this area and these tests were not included but
tests were available.

Tests are requested to be taken every 500 cubic yards. There is
no specification requirement to locate tests under buildings,
utilities, or other references. Therefore, test locations are
randomly selected.

With the addition of the ramp tests, the number of tests appear
Lo exceed the amount required. Since location is not addressed by
the specification, we cannot address the question of test locations.

In determining the causes for this problem these items are being
examined .

The borings and resultant tests are being examined both by Bechtel
and the consultants.

An extensive monitoring program has been implemented to identify
the magnitude of differential settlements.

The sattlement rate for the Diesel Cenerator Building is signif-
icantly greater than that observed in other structures.

There are no settlement vs, time curves to compare the to date
settlements with, but ~~ntinued monitoring has shown that during
the preload cycle the settling has started to slow down and to
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File: B3.0.3 Serial: CSC-3852

level off as more weight is added to the area around the buildings.
It is safe to say, however, that the to dato settlements exceed
Bechtel's expectations,.

We hope this satisfactorily addresses your comments. We assume that any other
comments or questions have been brought out at subsequent meetings with Bechtel's
consultants and ourselves, which you have attended.

Should you have any further questions, please contact us.

plw



MEETING NOTICE e 2 5 1979

BECHTEL JOB NQ, . 220-101 K-T. AuALYSIS @
PROJECT e kil
SUBJECT OF THE MEETING
Cause Investigation and Analysis of Plant Area
Backfill Setilanent Problems

DAY ___Wednesday, May 30, 1979

nime_ 2230 a.m. ro__ Joon
LOCATION __Qonference Boom 783
ATTENDEES -
Bechtel . Consumers
S. Afifi D. B
A. Boos C. Bmc
R. Castleberry (cpticnal) B. Wheeler
B. Dhar
J. Hink
P. Martinez
G. Richardson
J. Wanzeck
K. Wiedner
* The addressee, checkad above, if unable to attend, is recuested to:
X NOTIFY CHAIRPERSON [ sF»~ AEPRESENTATION

PURPQOSE OF T\.E MEETING

o Discuss action items listed in March 12, 1979 meeting notes (each attendee
is requested to prepare responses to the action itwaoss as appropriate)

o Prepare outline and e=trategy for cause presentation to NRC scheduled
for mid-June, 1979.

" J AGENDA ATTACHED ] MEETING NOTES WILL BE DISTRIBUTED

CHAIRPERSON PHONE DATE
Karl Wiedner x 7168 5/22/719




