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March 15, 1969

Bechte! Corporation
P.0. Box 3965
San Francisco, California 94119

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

Gent lemen:

This letter transmits fifteen cop’es of our "Supplement to Report,
Foundation Investigation and Preliminary Ex>lorations for Borrow Materials,
Proposed Nuclear Power Plant, Midland, Mich gan 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 date and recommendations presented in this report are intended
to supplement those presented in our '‘Report of Foundation Investigation,
and Preliminary Explosatiors for Borrow Materials,' dated June 28, 1968, and
are considered appropriate roi final plant design.

It has been a pleasure *o be of service to Consumers Power Company
and Bechte! Corporation on this project, and we trust that you will contact
us if you should have any questions or comments, )

Yours very truly,
DAMES & MOORE

oy R

Geurge D. Leal
€DL:WWM:mf

CABLE ADONESS CamimOnD



SUPPLEMENT TO REPORT
FOUNDATION INVEST IGATION 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 Nuclear Power Plant to be
constructed in Midland, Michigan for Consumers Power Company.

An initial foundation investigation was performed by Dames & Moore
and the results presentad 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-
countered 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,

DAMES £ MOOR



SCOPE

The purpose of the supplementary foundation investigation was to
develop data and recommendations appropriate for fina. plant design. The
specific program discussed and agreed upon for investigating the site consisted
of the drilling and sampling of exploratior test borings, the performance of a
limited 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 ‘nformation 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 conaitions, the
ground water level has been assumed 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 reconmended foundation types,

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

e) Differential settlements between auxiliary 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 around water in excavations for the reactor
and turbine buildings.

c) Compaction requirements for the plant fill (1) beneath
structures, and (11) adjacent to structures,

d) Minimum depths cf footings in compacted soil! for frost
protection or other reasons.

The results of our supplementary field explorations and laboratory

I

rests are presented in the Appendix to this report.
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DESIGN CONSIDERAT IONS

Subsequent to the completion of the initial investigation, planned
sundation 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 auxi!iary build-
ing, and the maximum allowable differential settlement between aux'liary build-
ing and reactor buildings has been established at three-quarters of an inch,

The auxiliary building plan dimensions will be 166 feet by 161 fee:,
This building abuts both of the reactor buildings and the turbine building.
The central portion of the auxiliary 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, will 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 foundations established at apprcximately
elevation 602 feet., The turbine-generator mat foundations will have plan

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

L



5

Foundation loads imposed by the various structures under normal

operating conditions and under seismic loading conditions are tabulated

below,
FOUNDAT | ON
ELEVATION,
STRUCTURE EEET
Reactor Building 582.5
Auxiliary Building 562.0
580.0
610.0
Turbine Building 610.0

Turbine Generator Mat
Foundations 602.0

FOUNDAT iON LOADINg{ LBS./SO.FT
: LIVE AN

DEAD AND LIVE
L

8,000

6,500
5,000
3,500
3,000

4,500

MIC D
TRXTGR AN

16,000 0
13,000 0
10,000 0
7,000 0

5,000 1,000

9,000 0

The locations and foundation loading data relative to the appurtenant

structures have not been provided to us.

Final plant grade has been raised approximately six feet and will be

established at approximately elavation 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 underdrainage system considered in the initial report has been

eliminated; consequently, it is assumed that the ground water level in the

glant area 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 subsurface conditions at the site were further investigated by
drilling 1] sugplementary exploration test borings and 22 probings to depths
ranging from 10 to 80 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 approx.mately 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 the auxiliary building area.

The presence of very stiff to hard cohesive soils, predominantly
gray silty clay, underlying the surface sand deposits was confirmed by the
supplementary boring program,

More detailed descriptions of the subsurface soil penetrated by the
supplerentary 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 probable flood level has been estimated at elevation 632 feet,
which is the same eievation assumed in our initial report.

GROUND WATER

Seepage water entered some of the borings through the sand stratum
blanketing the site., Ground water observations in the supplementary borings
were consistent with those 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. Tne underlying silty clay soils are saturated, but
the present ground water level in these impervious materials could not be

determined during the short term of our field investigations.

LABORATORY TESTS

The results of the laboratory tests performed in connection with
the supplemental invastigation, 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
tests, performed on soil samples extracted from borings drilled in the power

plant area are presented on Plate 5, Summary of Test Data.




DISCUSSION AND RECOMMENDAT IONS

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 reconmendations recarding suitable foundation types
for various structures are considered applicable. These recommendations are
sumnarized 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 elevations,
Prior to the placement of fill, it is recommended that all topsoil, loose sand
and other unsuitable soils be excavated from the turbine building area and the
south portion of the auxiliary building area. The exposed natural soils should
be thoroughly proof-rolled prior to commencing filling operations.

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

The more detailed structural design data and the additional subsur~
face data available at this time permit a final analysis of total and dif-

ferential settlements, Foundation design data and the results of the settle-

jnnt 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 supplementary investigation has indicated 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 soi! 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 approx'mataly 35 feet, with the maximum depth of sand occurring near the
south western corner of the turbine building, The maximum degth 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,
Hewever, dewatering operations will be required in connection with excavations
inte the upper sandy soils, The ground water level, presently assumed to be
at approximately elevation 603, may vary during the construction peariod in
response to rainfall, surface runoff conditions, and the water level in the
adjacent Tittabawasse R ur,

We understand that a seepege cutoff wall will be installed which
will minimize the flow of seepage water through the sendy soils into the plant

iqrcovatloos. The location of the seepage cut off wall is shown on Plate 2,
?Sltc Plan, In ordes to supplemer® ground water control in the excavations,
it Is recommended that the ground water level inside the seepage cutoff wall
Lho lowered as required by a we!l!-point or deep~wel!| dewatering system,



«10-

The subsurface conditions at the site have been discussed with a
representative of the Griffin Wellpoint Corporation, @ qualified dewatering
contractor. After having been familiarized with the soil conditions, the
following schemes were proposed by the Griffin Wellpoint 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

575. 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 draw-
down., A copy of correspondence from Griffin wWellpoint
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
where the sandy soils extend to depths below the bottom
of excavations, it may be more economical to install
several peripheral wells to depths below the plant
excavations, These deep 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,
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The dewatearing schemes outlined above are considered suitable, but
appropriate fisld pumping tests should be performed prior to selecting a
dewataring 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 additionai data for contractor bidding purposes.
We would be pleased to provide guide specifications and technical supervision
durines 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 insta'led 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 is recommended that ground water seepage be controlled
by a system of shallow 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
excavating operations required to attain the modified planned grades and to
prepare soils for the support of foundation. or fill materials.

The maximum cepth of excavation will be on the order of Lo feet in |

the vicinity of the auxiliary building.
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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 thece soils are given in a subsequent section.

in addition to the excavation required to attain foundation levels,
it is recommended that all on-site sands 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. Based 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 required, 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 oe excavated in the turbine building area. Based on
the results of the supplementary field explorations, it is anticipated ihat
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 controlled com=
pacted fili where required, is necessary in order to provide uniform founda-
tion support for the turbine building and turbine-generator foundations. The
plan dimensions of the excavated area should inciude the ''zone of influence"
of the mat foundations sstablished 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 ~f 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 these 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-half 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 ienses and pockets of silt in the clay soils.

Subgrade Preparation - Following stripping and excavating it s

recommended that the exposed surfaces be thoroughly proof-rolled under the
supervision of a qua'! ied s0ils engineer. Where practical both foundation
and fill subgrades should be proof-roiled to compact the exposed surfaces and

to detect any localized zones of soft soils. 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 lcaded motor
scraper. In deep excavations or limited access areas, smaller equipment
making more passes would be suitable for proof-rolling.

Zones of loose or soft soils delineated by proof-rolling should be

compacted if possible or removed and replaced with controlled compacted fill.



Upon attainment of final foundation grade in each area, it is

recommended that a working mst of lean concrete be poured. The installa-
tion of a lean concrete ''mud mat'' or similar protection should minimize dis-
turbance of the subgrade soils due to water seepage and constiuction 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 construction schedule
requires that foundation excavations be ieft 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 subgrade 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.

Aud 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 lsad to
weakening and spalling of slopes.

Filling 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 previously ment ioned, on-site excavated soils, both sands and

<lay solls are considered suitable fill materials. Provided either soil

type is placed and compacted in accordance with the criteria recommended

below, it Is considered unnecessary, from performance considerations, 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, 2s sands are more readily
compacted with small equipment such as hand operated vibratory equipment it is
recommended that sand fill be used in areas of limited access.

All fill and backfill materials should be placed at or near the
optimum moisture content in nearly horizontal lifts aoproximately six to eight
inches in loose thickness. Each lift 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, |If
filling or backfilling operations are discontinued during periods of cold
weather, it is recommended that all frozen soils be removed or recompacted
prior to the resumption of operations,

Engineering studies have been performed to evaluate the stability
of slopes constructed through the plant fill, Based on the results of these
studies, it is recommended that the banks of temporary excavations through
dewatered sand fill soils 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 is recommended that permanent slcpes through gr‘hu%ar“;ompi.tod
fill soils be constructed on slopes of one vertical to four horizontal or
flatter. Permanent slopes through cohesive compactec fill soils may be

constructed on slopes of one vertical to two horizontal.
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Filling operations should be performed Bwder tha continuous techni-
cal supervision of a qualified soils engineer who would perform in-place
density tests in the compacted fill to verify that all materials are placed

and compacted in accordance with the recommended criteria.

PURPOSE OF FiLL PERCENT RELATIVE DENSITY®

Support of
Structures 8s 100

Adjecent to
Structures 75 95

Areal Fi11 (Mot

support ing or 70 %0
adjacent to

structures)

*  Maximum and Minimum density of sand soils should be determined in
sccordance with A,5.T.M, Test Designation D=2049-64T,

=+ Maximum dry density end optimum moisture content should be deter-

mined in accordance with A.S.T.M. Test Designation D-698, modifisd

;: :miu 20,000 foot-pounds of compactive energy per cubic foot
F T TA

Genera! - Foundation design data presented in this section assumes

that individua! building areas will be prepsred in the manner previously
recommended. It is our opinion that the mejor plant structures may be
, setisfactorily supported on mat foundat lons established at the preseit!y
plenned alevations, Similarly, shellow spreed foundations founded on con-
trolled compected fill soils will provide satisfectory support for the

appurtenant structures.
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et _Foundations - The ultimete bearing cepacity of the supporting

soils underiying each of the msjor structures has been re-evaluated to

reflect modified foundation elevations,

tabulated below:

i

Reactor Building

Auxilisry Building

Turbine Building

Turbine~Generators

e
Very stiff to herd
natural clay soils

Yery stiff to hard
natural clav soils

Controlled compacted
fin

Control led compacted
fin

Controlled compacted
fill

The results of these snalyses sre

R

582.5
$62.0
580.0
610.0

610.0

602.0

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

”'m

30,000

The sbove tabulstion sssumes that fil] will be composed of com-

pacted clay soils; if compected sand f 1| is used the ultimate bearing

capacitias |isted above will be greater thas the tabulated vaiues. The

tabulsted ultimate cearing pressures are gross values; thus the weight of

foundations should ba included in computing the foundation losds. The

effects of overburden to slevation 634, and the effects of ground water at

elevation 625 have been considered in the bearing capacity snalysis,



The foilowing tabulation presents a susmary of the factors of safety
revised to reflect he modified loading conditions and ultimete bearing cape-

cities for the various units:

FA
i DEA0 AN LIVE LOADS

Reactor Buildings 5.6 2.8
Auxiliary Building

@ Elevation 5£2.0 1.2 3.8

@ Elevation 580 9.0 L.

@ Elevat ion 610 8.6 “.3
Turdine Building 10.0 6.0
Turbine-Generators 6.7 3.3

|\ 7 2 i
The recommended bearing pressures for snailow spresd foundations
have been calculated sssuming the ground water level to be at elevation 625
and assuming that the supporting compacted fill materials may be either clay

or send s0ils.

£ A T™ ::V ;%l Eg ;g !:: :i

2 5,000 2,800
b 5,000 3,100
& 5,000 3.700
12 5,000 &, 300

The factor of safety and allowable increase for seismic loads are

the same as previous |y recommended.
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Geners! - Satt!ement analyses sre besed on the results of consolide-
tion tests performed on undisturbed end recompacted soi! semples. Consolide-
tion test dets are presented in the Appandix of this report. The conso!ide~
tion tests performed in connection with the supplemental investigation confirm
thet the very stiff to hard clay soils have been preconso’ deted under Gver-
burden pressures of at least 15,000 to 20,000 pounds per square foot.

The settiement analyses cor:ider the effects of lowering the ground
water level, exce.st ng, plecement of srea! rill, subsequent raising of ground
water level and the associsted time considerstions.
nes foundations

The results of our settlement analyses for structures supported

on mat foundations are tabulsted below:

T | A X |
| NT
wiT = iagi ! lgi; -
Reactor Bulidings |- 14 'k -
Auxilisry Building
® Elevation 562 $-i t-1
® Elevation 580 §-! t-%
® Elevation 610 I} -2 tet
Turbine Building -2 i -4
Turbine-Generator Mats g -2 t-4
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It has been further estimated that the maximum differential settie-

ment which will occur batween sdjacent structures will e a3 follows

ADJACENT 1TS

Auxiliaory @ Elevation 562 and
@ Elevation 580 V2

Auxiliary @ Elavation 562 and
® Elavation 6.0 1

Auxiliary ® Elevation 580 and

Reactor /2
Auxiliory @ Elevation 610 and

Reactor 7L
Auxiliory @ Elevation 610 and

Turbine Building /2
Turbine Building end Turbine Mat 12

The results of the dynamic settiement analysis presented in the
initial report are considered applicable 1o the revised plant design anc
final location. Additional sett!ement under dynamic losding should not
exceed one-quarter inch. The appropriste range of values for modulus of
elasticity for dynamic settiement analysis is discussed in the Appendix to
this report.

Appurtenant Structures - The totsl and differential settiements of
ouildings supported on shallow-spresd foundations will depend on (1) the
surface settiement of the areal fill and (2) the settlement caused by the
ndividual fomdations imposing bearirg pressures on the order of the allow=

sble bearing pressures previously recommended.
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Meither building lccations nor the incdividus! column loads have
been mede ava:isble to us &t this time. Analysis shows that the areal fill
will undergo long term settiements on the order of 13 to 2 inches. It is
estimated that shallow spresd foundations supporting @ tota! design load of
up to 30,000 pounds and proport oned utilizing the bearing pressures presentec

\
sbove will undergo u_nh-u( or the order of one-half inch or less.

1 mecessary, the long term total and differential settlement of
sach appurtenant structure will be sraiyzed when the locations and structural
loads of thuse structures are known.

i . - ¢ jement = (t i3 estimated that one-ubesd 1o one-half
of the maximum settlements tabulated previously will occur, as elastic
recompress ion, essentially simultaneously with the load application. The
remaining one-ha!f to twosthirds of the maximum settiements will oceur in
accordance with the time-rates estimated from consolidation test date and

presented be low.

A | MAT
o e
20 2
50 10
% 50

Settiement ~f conventional spread foundations, escablished on an
apprecisbie thickness of controlled compacted granuier fill will occur essens

™Mally o3 the load is #pplied to the foundation.

DAME S T mOOey
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SATEML PRESSURES

The wa!ls of structures dbelow fina! plart jrade elevatior &1«
will be subjected to horizontal losds imposed Dy back’ (| marerials,
hydrostat ¢ pressures, end the horizontal components of adjecent foundat on
loads. Excluding the horizon:al componests of adjacert ‘oundation losci, 't
is recommended that long term lateral pressures 898 757 9 d ané neasrigic

wells be computed using the equivalent fluic unit weights tabu'etec beiow

IVALENT FLUID
KFILL MATERIA 11 F1.)
A A L ] :

sand Soils Lo An

Clay S0 & 50 90
G0 s

Sand Soils 60 102

Clay Soi's 80 e

Lateral pressures developed adjacent to rigid walls iomed ately
following placemant and compaction of back? || materials mey exceed the
long term pressures in the portion of the wo!! near the ground surace
Therafore, we recommend that rigic walls be designes for the equivalent
fluid unit weights presented above or & uniformly distributed pressure
of 600 pounds per square foot, whichever is greater &t any particular depth

The sbove recommended ecuivalent fluid pressures assume dacifill
soils will be placed in a corefully controlled manner, The stiff to hard
on-site clay s0ils should not be placed ss layers of chunky soil which
ireyiire excessive compactive effort to obtain & homogeneous comnactes fill.
Such 4 procedure would incresse the equivelent fluid pressure on the orde’
of 50 percent. The use of clay dackfill v any aress of limited sccess is

not recommended.

GAME S L M ae
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Substructure walls which are estab!ished below sdjacent foundat ions
shoulé 8ls0 be designed to resist the horizontal components of adjacent
foundation loads. For preliminery snalysis of lateral founcation prassures
we suggest the method of analysis presented in Spangler and Mickle's® paper
sLaters! Pressures on Retsining walls Due to Seckfil! Surface Loeds." For
final analysis, after the final srrengement of facilitins, type of dackfill,
and final loading conditions sre known, it s suggested thet horizontal
components of foundation loads scting on sdjecent walls be sveluatecd by
finite alement analysis,

UPLIFT PRESSURES

Uplift loads will be resisted by the desd weigit of the structures,
the weight of the backfi!l materials, directly over!ying the foundations, if
any, and the frictional resistence between the structure and the adjacent
backfil]! materials. The unit weight of the beckfill materials may be taker
#s 120 pounds per cubic foot sbove the sssumed ground water level, and 60
pounds par cubic foot below the assumed ground water ‘evel. The frictional
resistance may be computed by assuming & coafficient of laters! sarth pressure
equa! to 0.35 and & cosfficient of friction between soil and concrets of 0.35.

These values spply to deckfill soils composed of clesn sand ang
pertain to ultimete frictionsl res stance to wplift. An appropriste factor
of safety on the order of 1.5 for norma! operating conditions and 1.2 for

maximum probeb'e flood conditions should be spplied to the ultimete velues.

* Spengler, M.G. and Jack L. Wickle, sLateral Pressures on Retaining walls
Due to Beckfi || Surfece Loads,” Procesdings of the Internations! Conference
on Soi| Mechanics and Foundetion Engineering, vel. 3, P. 155, 1936,

BaMEL ¢ moone
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If clay backfill 30ils are used, the uitimate frictional resistence
to uplift may be computed in & similer manner, except that the coefficient of
friction between s0i! end concrete should de reduced to 0.25.

floor slabs established below the design floor leval should be
designed for full hydrostetic pressure or should be provided with adequate

drainage facilities.
000~ ~

The following Platas end Appendix are attached and complete this
repert

Plate 2 =~ Site Plan (Revised Reservoir and Power P. 1t Aress)

Plate I - Plot Plan (Power Plant Ares, Revised)

Plate 48 - Generalized Subsurfece Section B-8 (Revised)

Plate 5§ + Summary of Test Dete (Revised)

Apperdix =~ Field Explorations end Laborstory Tests

Respectfully submitted,

DAMES & MOORE

Ay Ot

George D. Lea!

Registered Professionsl Engineer
Stete of michigen

Certificate No. 17383
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£L6LD LXPLOMATIONS AND LABOWATONT TESTS

LU6MG LXPLOMATIONS
Powsr Plant Ares - The subsurfece conditions et the site of the

Proposed Nuclesr Power Plant ware further investigated by drilling |1
sdditional four-inch diameter expioration test borings to depths renging from
eporox imately 40 feat to B0 feet balow the existing ground surfece utilizing
truck-mountad rotery wash and rotary suger type drilling equ: pmer ixplore-
tien test borings 730 and 7)) ware drilled as part of & previous invastige-
tion, In addition to the esploration test borings, 24 probe holes were
drilled to depths ranging from spproximately 10 feet to 45 feet below the
wxisting ground surfece ucilizing truck mounced rotery suger type drilling
oquipment

The dril)ing operat ions ware supervised by our fiald engineers whe
wmaintained logs of the borings, obtained undisturbed sempies of the veriouws
soi! strata penetrated utilizing Demes & Moore Soi| Sempiers and supervised
the parformance of Stendard Penetration Tasts. Grephical representations of
the so0/1s penetrated by the borings end probe holes are shown on Plates
A-1D through A=1U, Log of Borings. The method utllized in clessifying the
s0ils is defined on Plate A=2, Unified Soi! Classification System,

Undisturbed semples of the soils penetrated by the axploretion
test borings were obtained n Dames & Moore Soil Sempiers of the type
i1lustrated on Plate A<3, So/| Sampler Type U, The Demes & Moore sol!
'o-lon ware driven spproximately |8 inches into the 30! with & hemwmer

waighing spprox imately Je0 pounds falling spproximetely 24 inches. The



A=l

Stendard Penetrat ion Tests ware parformed utilizing & split spoon sempier
having on outside diameter of two inches end an (nside dismeter of one end
three=eighths of & ineh  The split spoon semeier was driven 18 inches
Into the ground with a hammer weighing 140 pounds falling 30 inches. The
numbar of blows required to drive the Dames & Moors 30/ semplers and the
split spoon sampler for the second and third six inches of g netre on are
recorded on the Log of Bor i ngs.

The bor ing locations end the elevations of the grovnd surfece ware
provided 10 us by & survey cram fram the firm of Wunter, Whittier and Solberg
located in Midiand, Michigen, The ground surface elavation (s shown above
the log of ssch boring. ™ese elevetions refer to the U.5.6.5. Datum,
SARQAATORY TESTS

Slrengih Tests - Direct shear, uncontined compression end trissial
COMprass on tasts ware performed on selected undisturbed samples to evaluate
the strangth charscteristics of the various soils peratrated by the bor ngs

The direct shasr tests ware par‘ormed (n the menner describec on
Plate ek, wthod of Performing Direct Shaar and Friction Tests. Uncon’ ined
comprassion and triexial compression tests ware performed (0 the manner
described on Plate A<5, methods of Performing Unconfined and Triasial
Compress ion Tests. Strass-strain curves were plotted for eech static
strength test. For the direct shedr tests, the sheer itrength (s yield point
strangth or the strength ot & deflection of onestenth of an inch whichaver
occurs flest. For the uncon! ined comprens ion and triesial compreassion tests,
Shear A STrengthe ware chOSEr Sasuming that the engle of internal friction
of the cohesive 10118 wes sauel 1o 2ere, The shear 1Erengths presented are
either pask strengths or the strengths at on axisl deflaction of ten parcent

BAME L maans
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of the semple haight, whichever occurred first, Detemmination of the moisture
contant and dry dens ity ware Mede (A CONJUNCTION with sach strength test.  The
rasults of the strangth tests, 1Ogether with the 8550c Sted Mo sture~dens ty
determinat iors are presented to the left of the Log of Borings A the manner
descr ibed by the Xey to Test Date shown on Plate A~

fonso! dation Teaty - Consolidetion tests were performed on repres
Sentative undisturbed sampies and & remolded sampie of the soils penetrated by
the borings to provide sdditionsl deta for estimating settiements of 111 ana
foundat (ons. The results of the consol (detion tests are presented on
Plates A<IF through A=, Consolidation Test Dats

Moisture-Dens ity Tesls * Moisture-density tests were performed in
CONjunct ion with sech strength and consol idation test. Additions! moisture
end/or dens ity tasts ware performed on selected semu e for correletion
purposes. The results of the moisture and/or dens ity LSty 8re presented to
the laft of the Log of Borings in the menner described by the Xey to Test
Date shown on Plate Al

Geain Size Distribution « A determination of the grain sire dis-
trivution of selected semeies of sandy 30!y extracted from borings wes
wade to feciiitate classification of these soils. The results of the
mechanical anelyses performed (10 determing the grain sire distridbution are

presented on Plate A<l Grain Sine Analyies.

L L L DN L
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QrmaniC m00vLYS OF GASTICITY

A revised derivation of appropriste valumof dynemic modulus of
elesticity (E) for the very stiff to hard cloy soils undariying the site s

o follows

wenjpiipens  LRARES

0.08¢ o x 108
0.10¢ TR
0.209 17 % 108

Poisson's Retio mey be assumed eque! to 0.4. The sbove modyius of
Clasticity values sre spproximete and |t is recammended that they be varied
By plus or minus 50 percent in snalyses to evaluste their influence. 1t s
anticipated that soil demping will be in the renge of five to ten percent.

The sbove values sre derived from the date of 1driss and Seed
published in the December 1968 issve of the Bulletin of the Seiwmological
Soc laty of Amarice



The following
Plars A-1D
Plate A-1E
Plate A-IF
Plate A-iC
Piate A-in
Plate A-1)
Plate A-1y
Plate A=k
Plate A-lL
Plate A-In
Plate A-IN
Plate A-1Q
Plate A-iP
Plate A1

Plate A-IR

Plate A1S

Plate AT

Plate Ay

As5

Plates are sttached and complete this Appendix

Log of
Log of
Log of
Log of
Log of
Log of
oy of
Log of
Log of
Log of
Log of
Log of
Log of
Log of
Log of

Sorings
Sor ings
Sorings
Sorings
Borings
Borings
Bor ings
Borings
Sorings
Sorings
Sor ings
Borings
Borings
Sor ings

Probe Bor ings

Ph, PS5, P)

Log of Probe Borings

ro,

g of Probe Bor ings

»iy

(Bor ing

7

(sori7g 8)
(soring 9)

(Boring
(Bor ing
(Bor ing
(Bor ing
(Boring
(Boring
(Bor ing
(doring
(Bor ing

(Boring 730)
(Boring 731)
(Prode Borings P!, P2, P},

Pll, PIS, P16, P17)

Log of Prodbe Borings
0, 2, )

10)

)
15)
16)
17)
18)

(Prove Borings 7, P8, P9,

(Probe Borings P12, P13,

(Probe Borings PIB, P19,
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Plate A<
Plate A~}

Plate Avl

Plate A-§

Plate A6

Plate A-0F
Plate A-76
Plate A=Tw
Plate A-11
PLATE A-12

Plate A1}

A-6

Soi! Samplar Type U .
Method of Performing Direct Sheer and

Friction Tests

method of Performing Unconfined Compression .

|
|
|
wnified Soi! Classification System

ond Triexial Compression Testis

Method of Performing Consol idation Tests

Consc !l idetion Test Dats

Conscligation YTest Data

Consolidation Test Data

Grain Size Analyses

Correspondence from Griffin weallpoint Corporation

Skatch of Proposed Locations of Upper and Lower

Dawater ng Systems
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METHOD OF PERFORMING DIRECT SHEAR AND FriCTION TESTS

DIRECT SHEAR TESTS ARE PERFORMED TO DETERMINE
THE SHE ARING 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 1S TESTED WITHIN THREE BRASC 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 WERE OBTAINED. LOOSE SAMPLES OF SOILS TO BE USED IN CON-

STRUCTING EARTH FILLS ARE COMPACTED IN RINGS TO PREDETERMINED CONDITIONS AND TESTED.

DIRECT 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 OF 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 DE-
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 DETERMINED FROM THE RESULTINC LOAD-DEFLECTION CURVES.

FricTioNn 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 8Y FORCING THE DISK OF MATERIAL FROM THE SOIL SURFACES.

MmN & MOCOS®
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METHODS OF P ERFORMING UNCONFINED COMPRESSION AND TRIAXIAL COMPRESSION TESTS

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
WITH RESPECT TO STRAIN IS ACHIEVED.

YIELD, PZAK, 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 OK ON ARTIFICIALLY SATURATED SOILS.

IN A TRIAXIAL COMPRESSION TEST THE SAMPLE IS ENCASED IN A RUBBER MEMBRANE, PLACED IN A
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 PERFURMED IN ONE OF THE FOLLOWING YAYS:

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

THE SAMPLE IS ALLOYED TO CONSOLIDATE FULLY UNDER
THE APPLIED CONFINING PRESSURE PRIOR TO THE START OF THE TEST. THE VOLUME
CHANGE 1S DETERMINED BY MEASURING THE WATER AND OR AIR EXPELLED DURING
CONSOLIDATION. NO DRAINAGE IS PERMITTED DURING THE TEST AND THE STRESSES
VHICH 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 SLOY ENOUGH RATE TO PREVENT
THE BUILDUP OF PORE WATER PRESSURES. THE RESULTING STRESSES YHICH ARE MEAS-
URED REPRESENT ONLY THE INTERGRANULAR STRESSES. THESE TESTS ARE USUALLY
PERFORMED ON SAMPLES OF GENERALLY NON-COHESIVE SOILS, ALTHOUGH THE TEST
PROCEDLRE 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 BETWEEN THE TOTAL STRESSES AND THE PORE WATER PRESSURES
MEASURED ARE THE INTERGRANULAR STRESSES.

PLATE A- 8
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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 PROBABLE 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 'N RINGS
TAKEN FROM THE SAMPLING DEVICE IN WHICH THE SAMPLES
WERE OBTAINED. LOOSE SAMPLES OF SOILS TO BE USED IN
CONSTRUCTING EARTH FILLS ARE COMPACTED IN RINGS TO

PREDETERMINED CONDITIONS AND TESTED.

IN TESTING, THE SAMPLE IS RIGIDLY CONFINED LATERALLY
BY THE BRASS RING. AXIAL LOADS ARE TRANSMITTED TO THE

ENDS OF THE SAMPLE BY POROUS DISKS. THE DISKS ALLOW

DEAD LOAD-PNEUMATIC
CONSOL | DOMETER

DRAINAGE OF THE LOADED SAMPLE. THE AXIAL COMPRESSION OR EXPANSION OF THE SAMPLE IS

MEASURED BY A MICROMETER DIAL INDICATOR AT APPROPRIATE TIME INTERVALS AFTER EACH

LOAD INCREMENT IS APPLIED. EACH LOAD IS ORDINARILY TVICE THE PRECEDING LOAD. THE IN-

CREMENTS ARE SELECTED TO OBTAIN CONSOLIDATION DATA REPRESENTING THE FIELD LOADING

CONDITIONS FOR WHICH THE TEST IS BEING PERFORNED. EACH LOAD INCREMENT IS ALLOWED TO

ACT OVER AN INTERVAL OF TINE DEPENDENT ON THE TYPE AND EXTENT OF THE SOIL IN THE

FIELD.
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[CAMES & MO
RECEIVED

?7//772 7%/'1?%70&72/ | %’hfwm/mz '

JACKSONVILLE. FLORIDA > o= |
904-388.7612 o CALS € N E
~OUSTON. TEXAS R
7139232724 HAMMOND, INDIAN
=AMMOND. INDIANA -—TI0 - 9%1-1662
2199311682 February 22, 1969 Tt
WEST PALM BEACH FLORIOA - —
305-683-0702 ANVY
NORFOLK, VIRGINIA r—
703.625-6524 JM
NEW YORK N Y .
212-292-1800 FiLE s

CHICAGO, ILLINDIS

312:374.22%%
QUEBEC CANADA

663-3231
Dames & Moore Company
309 west Jackson Blvd. Re: Nuclear Power Plant
Chicago, Illinois 60606 Midland, Michigan

Attention: Mr. Bill Moore
«entlemen:

From a study of avallable preliminary plans, ooring data, soll samples,
grain-size curves and a soil profile of the proposed excavation area, we
propose the excavation be open-cut on the Northeast side on approximately
twe (2) horizontal to one (1) vertical slopes, (to allow for berms 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 system. (See attached
sketch).

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

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

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

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

>me céips in thc clay that will require a small amount of sand-bagging.
However, since the pervious solls get deeper 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
«++s.please call us.

Very truly yours,
GRIFFIN WELLPOINT CORPORATION

(Indiana)
{i H. Hockbegger
. ident
= Vice Presiden
Enclosure: Sketch of 2-stage wellpoint location

PLATE A-i2
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= iniey Uniruvensacam. L am wita JonguTers rover LONDARY 83 8 a3l Zazineer

the Frajest Tncineevring Services Caparthent.
Tamads " “-:.'.
I will 22 ceserivin~ tne remeqis. messurasin praoress or pdlennc< ror <he
fiwes Sive itemz on the aserds undier Ariisle 3,(f1lide 3.1.1). lNarely,
257, 7%, tany farm, diesel -il storeze tanks and undersround facilities.
Thexe vemellal =azsurves nvre digrurnsd {n grest 4detell In 2ur rezrontes
ts 50.5:(2) quessions and 50,57 e) subrittals. Therefore, I will
e Tresenting only & brief outline of_the remedisl wor:.
Diesel Generstor Tuilddlaue .S1ide 3.1.2)
The diesel zeuerator duilding is a box-snaped structure. Its main
Fapos: is tc proviie a ousiag for she 2our eucrgency Gliesel ceneratcrs.
-2¢ structural walls are very rigii. 7The building is suppcrted on
etris foctings. The Dullding and the geterstor pedestsl are founied
cn errroxinately 30 feet cf £i1l. In suxmer of lest year, settlements
zore than anticirated values were cbserved, A detailed scil iavestisation
was conducted. Tae packfill was found to coansist of scoft to very stif?
elay with packets and leyers of very loose 4o dense sand teckfill. The
conclusion of the investigatizna was that *he £ill was not sdegusately
eerpacted. Sased upon the recommerdation of our seoil consultants,
Frofescors Peck and Hendron, the remeiial zeazure chosexn was to prelcad

:

the exissizg Backfil]l ¥y layers of san? surs-.voe.
(Slize 3.1.3) - ilhis slide chows in plon 4‘9 extent of sand surcharge.
The surcharge was gradually appliel in steps. To date, the back®ill

undes the 42,22 Mllliing L sublested T2 20 fost thisk of sani

garsburze. Tulc 113 (21232 2.2.4) 3hawe g erev: s27tice of the

/€3
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are esecentiallv dissinated and the rate of residual settlement bocomgs
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The orelzald gsncslidates 307t oress of clay fill; however, will not
eipnificartl s ir=vove the qualitr of loose sands. The totential of
lizuelaction of tnese sends and cerial fewvatering of the plant site as

a re=edigl =easure 5 this priblem will be rresexzted later in detail.

daex & = w25 -, -y s o ad o paray L] - cadd Fl
\Cesl Jearsl) * sied Beswt Sacwi Bead AL S5 <3a=323V4iCNS. e.eTaton O
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5 Sopieanl lezel ezorater Priestal. This iz o veinforced ecuerete

o . nadd o . v — adosg = pov LA \an L™ -
FETuIt e Lating o slintme sangrensive ptrangtt of 000 zel. Txe 2202

heneath the redestals have also ccnsolideted resulting in differential
gsettlement. Differential settlexzent ¢of the reiestals will bave no effect

-

en alisnment of the engine and generstcr because they are both mounted
ez the sa=: foupistien. Turiksrscore, Lecsuse o the eror=ous stiffress

e the pedestal, ne significant varping is e.pected and the top of

she pedestal will eererally ilis witnin cze p_ane. The diesel generator
vill be set in a level position irrespective of “he amount of differential
gsettlerant between the ceriers of the pedegtal. It will be schieved
either by 2 suitable layer of ;rout oz the pedestal or by chipping a

few inches of top comerete and refinistiing it to the required level.

Thg mashine {2anl® pas sonqidesable tolerancs limits for tilt and rell.

aven) Tuwibdaas . cha mangtectuser of Lhe diegsel semerator, stated that
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A Wes made bY se 8 dcnrtwt it
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a2 §° aomhined basmrard 411t anli woll «ill not 29fact the performance of T
Lie ERlieTALONE. JUrLnelure, Julibiy o..e._.m" o: tne piant, i Turther
dirfapentic zottloo2nt sausss o exceal tLlis t:lerance. the manulacturer
gtates thet +he canaratare san ha chimmed back to level position,

...... -

The:efu:eIiu Suiiar Laiue S0 fie ToT, the remedisl work of preioad is

e

in procress ani dewaterin~ of gite is veing planred for implementetion

scon. No further remedial work on the pslestal thun that rentioned

......

Sewvice Water Puws Sty ctTure

(21ide 2.1.1) = The service water pup stricture is locsted in the

ry

southeast end of the site adjscent tc the cooling pond. This (Siide 3.2.1)
siide shows & paas view of tane structu.e. .ne coocling pond is on the
soutzera side, !Blor poreisn of tie structure is fcunled cn satural soil

~

material excep:t Jor the wortuer:z portion wailh is founded on fill.

(S1ide 2.2.2) - This slide shovs = crc::-se:ticgf?icv of the structure.

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

the rain duilding, is founded on backfill rmaterial. As a folleow=up to

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

were taken in this area. The borings indicated that the backfill consists
of soft to very stiff clay and locse to very demse sand. The conclusion

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

structure vere not sufficiently cormpacted.

Hovever, no significant settlement of the structure has beeu noted.
The reason for this is that the existing dead lcads from this portion are

beinz supportel by the =22t ¢ the s*rusture throurh cantilever action.

> . -
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4 against

Of these, only BWSTs

The BWIT has a capacity of 5C0,000 gallems, S2 feet in



3.k

L] < - . < - % - . o - B - -3 . AR
Adicinin= gre pin+ ~irier Jor eunh tenk thove is a s"2.0 box=slhar2d
> . o * o Pl - ., e xm siaRevas ewl allag e =
e il B 2 A - i -
ANE - - e - - - . sre - o s - e . - -
A P aRTE RUBRTINERS AR B PG BN Sl OTHLVE LLnE are eori.es?

and inetal.iation O DipanNs 1S 13 PrUSIESs. A3 @ Lvsacw-up to =3

PR -t-_-a.-o:-.ad-- as 211 Mace T etvinrtnuwee Tounned A 1ill. severa.l

R bgab w'd sre. londdams sin
Tia 225 T av Elethlivavimw v

3
“r
f

re l.' s e O:p avren

“h waswm W iisew - -

teLLE &re SUpporiel

'z
o
s
«
W
!
13}
1
¢!
o
[+
w

The results of tre investization inci

L - WU P NCY o el LT
on medium to very stil” clay tactili.c Wit 22

e Aidee =a ssgyes
: = b9

2 S mes > . 2288 -t 3 Fral < st wmen" s - - L~
jesne seand lavers., To2 ogniitisn o the 21l1 iz suivzbie SO Toe ELTIONV

5 &% ', o~ P g &+ i Llpmrd i TR 5 paae
o7 the tanss. o corlirm this, the tanks Wilo Te SOLSTTU *tS A58 Sii.80

s enteringz

2%2%e gkswe the lavout of tarated water lin

the Lozl 4hwaisb kg cmles pid, The pirirs cormecticns are being meie
to allow start-up, fiasning, filling and testing o the task. Ielectel
poirts on tae piping betweea EZUST anli the auxility wuilding vill be
~oritored for settlerent iurin- constructicn phase. Any differentizl

setzlement wkesewas messurs.c will bz anclyzed in sccordance with

esteblished proccadures.

Ir su==ary, the tackfill materizl oz which the ZUETs sre founced is

satisfactory and will be conlirmed ty a lcad test. Bcrated water lines
will be mopiscrel asi evaluated for any di:ferential settlements.

Therefsre, £o rexeliz) actica ic anticiatted for these structures.

Ay omm e

Diesel Ofl1 Stora-e L-nus

{2282

“J

W1.1) o mhe Af] stavace fLanis ove luwateld southeast o the
ora) mpuawqtsw Yol 3dns, Thepe gre L vanie, ewch 77 Teet In dia-sieor

Bliae v S@86 ad aviatice



(Slide 3.4.1) = There is six feet of earthen cover over the top of the
“ank, "ha tank je enrmarted ot +hras nainte anchnvedq ta concrete

- . L . Nariem . 3 - o iS22 N -3 e -~ - -
pecootali. The tanliis are Jouniil L TLlal... TG TeESULLS OO0 borir:

~

OGS wm £L2ilaTEu LSET Td Thiie add Suppe.ecd CGa woduz 20 stifs
saniv c.av vackfill. Tais soil comditics is adeguate To support tuae tanss.
Moreover, the weight of the tanks is aporoximately equal to the £ill that
it repaacéed. Iun orier %o verily St s 2o 2 psablalentory., tanse

tan¥s have been “illed with weter end settlements are being monitcred.

It hes been three mornths siace the a2 heve teen filled with vater

and no epprecisble settlements have Deen noted yet. Therefcre, the
backfill is adequate and no remeiial measures are anticiapted.

ndevornyund FPacilitiesg

The underground facilities that will be discussed are Seisnic Category I
piping and electrical duct banks. This (Slide 3.1.1) slide shows
safety-related piping, namely Service Water Lines, fronm the auxiliery
building to the service water structure and diesel generator building
to the service water structure. Borated water lires from the auxiliary
building ¢o 3W3ST and diesel oil 1lines from the iegel cil storaze
tanks to the diesel generator building. Electricel duct banks are

also shown in this slide.

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

plot of one of the lines profiled. Alil tke pipes profiled were
reaaclyzed taking ints account the measured differential gettlement

in scaordance with the provisions of current codez. The analyses
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with pozmiznzl szouns of steel therefcre g&sses ccocusiderable amount of

daetility 4n bendisz,
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D3
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would you be availatle this afternoon
untuvdmunndhottoehnicdqpmu
requirement for Q-List material vhich is on the
Critical Path right mow of comstsuction st the

site? If so, I would like you to reviev the

facts vith Don Sibbald (80016 or -25) at the site

vith Jochn Hink so that we can get
and then get together/a proper approval of the

material that engineering would spprove the

Field to use.
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