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March 15, 1969

Bechtel Corporation

P.O. Box 3965
San Francisco, California 94119

,

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

Gentlemen:

This letter transmits fif teen copies of our " Supplement to Report,
Foundation Investigation and Preliminary Ex21 orations for Borrow Materials,
Proposed Nuclear Power Plant, Midland, Michigan for Consumers Power Company,"
dated March 15, 1969

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

The data and recomendations presented in this report are Intended
to supplement those presented in our " Report of Foundatior. investigation,
and Preliminary Explo. stions 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 questions or comments.

Yours very truly,

DAMES & MOORE

ff
George D. Leal
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SUPPLEMENT TO REPORT

FOUNDATION INVESTIGATION AND>

PRLIMINARY EXPLORAT10tlS FOR BORROW MATERIALS

PROPOSED NUCLEAR POWER PLANT

MIDLAND, MICHIGAN

FOR<

CONSUMERS POWER COMPANY

INTRODUCTION

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 & Moorei

and the results present sd 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
l

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. j
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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 exploration 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:

1 - Modified site description as necessitated by the additional

explorations.

2 - Soll 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:
i

a) Allowable bearing pressure for shallev spread founda-
:f

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
l'

[' maximum probable flood has been assumed at elevation

632 feet, and the top of plant fill hos been assumed

at elevation 634 feet. For normal conditions, the
,

8 ground water level has been assumed at elevation 625 i:

feet, the reservoir water surface elevation.

seamens e monome
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c) 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) Reconsnended 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 adjacent three build-

Ings to allow for possible differential settlement which
,

must not exceed 3/4 inch.

e) Differential settlements between auxillary 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 reactor

and turbine buildings.

c) Compaction requirements for the plant fill (1) beneath

structures, and (11) adjacent to structures.

d) Minimum depths of footings in compacted soll for frost

protection or other reasons.
,

The results of our supplementary field explorations and laboratory>

b 4

rests are presented in the Appendix to this report.

!
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DESIGN CONSIDERATIONS

Subsequent to t.he 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 auxiliary build-

Ing, and the maximum allowable differential settlement between auxiliary 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 feet.

This building abuts both of the reactor buildings and the turbine building.

The central portion of the auxillary 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 appreximately

elevation 602 feet. The turbine-generator met foundations will have plan

;dimensionsof145feetby45feetand185feetby45 feet.
s

i .

!'
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i Foundation loads imposed by the various structures under normal

operating conditions and under seismic loading conditions are tabulated

below.
;

j FOUNDATION LOA 0 LNG. LBS./SO.FT.
FOUNDATION DEAD. Live AND_.

! ELEVATION, DEAD AND LlVE SEISMIC LOAD
STRUCTURE FEET LOAD MAXIMUM MINIMUM

Reactor Building 582.5 8,000 16,000 0

i
j Auxiliary Building 562.0 6,500 13,000 0

1

580.0 5,000 10,000 0'

610.0 3,500 7,000 0

Turbine Building 610.0 3,000 5,000 1,000

Turbine Generator Met
Foundations 602.0 4,500 9,000 0

I

The locations and foundation loading data relative to the appurtenant

structures have not been provided to us.
i

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

i established at approximately elsvation 634. Normal ground water level as in

the initial investigatlog, is assumed to be at the existing ground surface,

I 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 thei

i p,lant area will rise concurrently to approximately elevation 625. The maxi-

' mum probable flood level will remain at elevation 632.;

;
,

! f
:

s

f
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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 11 supplementary 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 topsoll

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 the auxiliary building area.

The presence of very stiff to hard cohesive soils, predominantly

j gray sitty clay, underlying the surface sand deposits was confirmed by the

supplementary boring program.

I More detailed descriptions of the subsurface soil penetrated by the
|
| pupplerentary borings are presented on the Log of Borings in the Appendix to i

i

this report. |

; :
,
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'
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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 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 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 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

tests, performed on soll samples extracted from borings drilled in the power |

|
l

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

I

|

|' :

:

|

i
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DISCUS $10N AND RECOMMENDATIONS

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 reconnendations regarding suitable foundation types

for various structures are considered applicable. These recommendations are

summarized 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 topsoll, loose sand

and other unsultable 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-

forential 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.

'
),

i

DAMES S MOOWE
f

I
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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 dowatering 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 soll below the

ground water level and into relatively impervious clay soils. The depth of;

the bandy surface soils In the vicinity of the plant structures ranges from
,

'

0 to approilmately 35 feet, with the maximum depth of sand occurring near the

south western corndr 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 we'ter seepage is anticipated in the lower clay soils.

However, 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 very during the construction period in

respo'nse to rainfall, surface runoff conditions, and the water level in the

adjacent Trttabawasse R' .ar.

We ' understand that a seep 4ce cutoff wall will be installed which

: will minimiza the flow of seepage water through the sandy soils into the plant

. excavations. The location of the seepage cut off well is shown on Plate 2, |

!' 6 1
'

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

I

It is recommended that the ground water level .inside the seepage cutoff well !
'

I

( she lowered as required by a.well-point or deep-well dewetering system. j
,

t.

,
, <

i
\

'
-

,
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The subsurface conditions at the site have been discussed with a

representative of the Griffin Wellpoint Corporation, a qualified dewatering

contractor. Af ter having been familiarized with the soll conditions, the

1 following schemes were proposed by the Griffin Wellpoint Corporation,
i

1 - A single stage weII-point system would be installed

to lower the water level in the sandy soils inside

the seepage cutoff well to approximately elevationi

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 fron 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

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.
i

I '
:

!
I

t
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The dewatering schemes outlined above are considered suitable, but

appropriate field pumping tests should be performed prior to selecting a

dewatering contractor. The field pumping tests would provide data to allow

'th's choice 6f' the most suitable type of dewatering system (well-points or
s

deep wells), and would provide additional data for contractor bidding purposes,-

s We wo'uld be pleased,to provide guide specifications and technical supervision
'
. .

iduring 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?)ed and, monitored to insure that the water level in the sandy

soils l's continuously tr$aintained 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 recomended 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 excavat on it is recomended that ground water seepage be controlled

by a system c,f 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
,

t

excavating operations required to attain the modified planned grades and to
,

! , prepare.' soils for the., support of foundation: or fill materials.
.-

,

.! Themaximum-dqthofexcavationwillbeontheorderof40feetin
- | N |

|
the vicinity of the auxiliary building.

. ,
[
, i ,

| ''

!
i
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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 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
I

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 controlled com-
,

;

pacted fil e 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 include the " zone of influence"
i

, 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

i bottom outside edge of a foundation at an angle of 45 degrees with the
i

! borizontal.

!

I asammes a naooses
,

|
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Engineering studies have been performed to evaluate the stabliity

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 dowatered sandy

soll 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 lenses and pockets of silt in the clay soils.

Subgrade Preparation - Following stripping and excavating it is

recomended that the exposed surfaces be thoroughly proof-rolled under the

supervision of a qual!iied 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 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 loaded 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. !
' 1

( !

!
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1

O Upon attainment of final foundati n grade in each area. It is I
,

recommended that a working n.st 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 construction opera-
>

i $ tions. The mud mat will not provide protection against freezing and thawing
i
! of the subgrade soils.

The clay soils are susceptible to loss of strength due to frosti,
>

t

j | action, disturbance and/or the presence of water, if the construction schedule

requires that foundation 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 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. 1'
,

;tiud mats or similar means of protection should also be installed
i
' 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. ,

!

Filling and Backfilling - Fills up to approximately 35 feet in thick- t

| ,

ness will be required in the attainment of the final plant grade elevation 634j

! In addition, fills and backfills will be required below and adjacent to
s

structures.
-

As previously mentioned, on-site excavated soils, both sands and,

slay sof44 are considered suitable fill materials. Provided either soll

type is placed and compacted in accordance with the criteria recommended

below, it is considered unnecessary, from performance considerations, to

|

. . . .

l
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specify the selective use of one or other of these soll types for any of the
8

fills or backfills which will be required; however, es 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 approximately 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

dowatered 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 reconsnended that permanent slopes through granular'compatted,

fill soils be constructed on slopes of one vertical to four horizontal or
,

flatter. Permanent slopes through cohesive compacted fill solis may be -

;
,

,
!constructed on slopes of one vertical to two horizontal.-
T

.

( f
'

i
;
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;

Fillleg operations should be performed lasser the continuous techni- L

cel supervision of a quellfled solls engineer who would perform In-place !
j,

density tests In the compacted fill to verify that all materials are placed
|

end compacted in accordance with the recommended criterie.
|

I

REconnti'DED hf NiMUP8 COMPACTION C#1TEein
ON-51TE Oh-Set
6 t$ C v ILS

PURPO$f 0F Fitt PERCENT Rf TAT eve CthSITY* PERCENT OF eq4E IMUn OtN$1TYe*

Support of
Structures 85 ICO

Adjecent to
Structures 75 95

Areal Fill (Not
supporting or 70 90
edjacent to
structures)

Manisman e d Minle m density of send soils should be determined in*

accordance with A.S.T.M. Test Designation 0-2049-647.
* Menimas dry density and cetime solsture content should be detera**

mined in accordance with A.S.T.M. Test Designetton D-696, modified
to requiro 20.000 foot-pounds of compactive energy per cubic foot
of soll.

FOUNDAf f 0N OE$tGM OATA

General - Foundation design date presented in this section ess e es

that Individual building areas will be prepared in the menner previously

recommended. It is our opinion that the mejor plant structures may be
L

'

{,settsfactorilysupportedonmetfoundationsestablishedetthepressatly
planned elevations. Similarly, shellow spreed foundettons founded on con-

trolled coopected fill soils will provide settsfactory support for the

appurtenent structures. .

..

I
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Met Foundations * The ultimate bearing cepecity of the supporting
*

solls underlying each of the mejor structures has been re-evaluated to

reflect modified foundation elevations. The results of these snelyses are

tabulated below:
e

FOUuCAtl0N ULTIMAff
$UPPORTING ELivAft0N SEAM tmG CAeACITY

g g (F EET ) L55./5G.FT.

Reactor Building very stlff to hard 582.5 45.000
natural clay soils

Auxillery Building Very stiff to hard $62.0 50.000
natural clav soils 580.0 45.000

Controlled compacted 610.0 30.000
till

Turbine tullding Controlled compacted 610.0 30.000
fill

Turbine-Generators Controlled compacted 602.0 30.000
fill

The above tabulation esswees that fill will be composed of com-

pacted clay solls; If comeected send fill is used the ultimate bearing

cepecities listed above will be greater then the tetulated values. The

tabulated ultimate bearing pressures are gross values; thus the weight of

foundetlons should be included la computing the foundation leeds. The

effects of overturden to elevation 634 and the effects of ground water et

elevetion 625 have W considered in the bearing cepecity onelysis.
.
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The following tabulation presents a stannery of the factors of safety
*

revised to reflect the nodified loading conditions and ultimate bearing cape.

cities for the various units:
FACTOS OF SAFETY

DEAD. Ltyt

g DEAD Age Ltyt t0A0$ Ase0 set $ait t0405 e

peactor Sulldings 5.6 2.8

Auxiliary Building

a tievation SE2.0 7.7 3.8

5 tievation 580 9.0 6.5

s tievation 610 8.6 4.3

Turbine Building 10.0 6.0

Turbine-Geg ra t o.s 6.7 3.3

Shatlow Saread Foundet tons

The recommended bearing pressures for snellow spread foundations

have been calculated assuming the ground water level to be at elevation 625

and assuming that the supporting compacted fill meterials may be either clay

or send soils.
ALLOWAGLE tett etAatteG pet $$tillts

(Pouse05 Ptm SQUA81 FOOT)
F0ues0Att04 WtOTM CLAY SOILS S Al@ $0ft$

2 5.000 2,800

4 5.000 3,100

8 5,000 3,700

12 5,000 4,300.,

The factor of safety and allomatie increase for seismic loads are
i

the same as previously recommended.
+

5
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M = Settlement enelyses are based on the results of consolide. a

tion tests performed on undisturbed and recosqpected soll semples. Consolide. ;

tion test date are presented in the Appendia of this report. The consolide-

tion tests performed in connection with the supplemental investigetton confirm
a

that the very stif f to hard clay soils have been preconsollected under over.

burden pressures of et least 15,000 to 20.000 pounds per square foot.

The settlement enelyses coralder the effects of lowering the ground

water level, encavethg, placement of areal fill, subsequent raising of ground

water level and the associated time considerations.

Met Foundations

The results of our settlement enelyses for structures supported

on met foundations are tabulated below:

i $ttant 0 EStignito sentimum
MAXI L I47 01rrtat4TIAL 5ETTLEnt47

2.!I .U551 J.!21h - '. . . . .,.

Reactor 8vildings I=l{ {*i
*

Auxillery Building

# tievetion $62 )*i i*i

e Elevetion $80 i-1 i-)

e Elevation 610 l)-2 &*i

Turbine tullding li*2 &*}

Turbine-Generator Mets li=2 &-{

.

*0

,

t
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It has been further estimated that the maalmum differential settle *

ment which will occur between adjacent structures will be es follows: ,

.

Elf smTto Ws tep'

OlFF[R(hTeAL SETT LI:n[NTS
SETWEtm STatKTua ;5

A0JAtt47 UNITS euCnE5
e

Aunillery a fievation $62 and
a tievation 580 t/1

Aumillary # tievation $62 and
6 t?evation 6 J l

Aunillery # tievation $80 and
Reactor 1/2

Aumillery 8 tievation 610 and
Reactor 3/4

Auxillery # tievation 610 and
Turbine Building 1/2

Turbine Building and Turbine Met 1/2

The results of the dynanic settlement analysis presented in the

initial report are considered applicable to the revised plant design and

final location. Additional settlement under dynamic loading should not

exceed one+ quarter inch. The appropriate range of values for endulus of

elasticity for dynamic settlement analysis is discussed in the Appendia to

this report.

Appurteneat Structures - The total and differential settlements of

buildings supported on shallow-spread foundations will depend on (1) the

surface settlement of the areal fill and (2) the settlement caused by the

bndividual foendations imposing bearir.g pressures on the order of the allow-

ette bearing pressures previously reconnended.

>
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Neither building 1ccations nor the Individual column loads have

been made available to us at this tie . Analysis shows that the areal flil n

will undergo long term settlearnts on the order of li to 2 ihches. It is;

estimated that shalicas spread foundations supporting a total design load of

up to 30,000 pounds and proport onea utillaing the bearing pressures presentedi ,

4 .
above will undergo settlement or the order of one* half Inch or less.

If necessary the long term total and dif ferential settlement of

each apourtenant structure will be analyzed when the locations and structural

loads of these structures are known. M
Tle-Rate tf Sett lement = lt la estimated that one*M to one* half

of the maalaum settleents tabulated previously will occur, as elastic

recogression, essentially simultaneously with the load appIIcatlon. The

remaining one-half to two* thirds of the maulmum settlemnts will occur in

accordance with the tlee-rates estimated from consolidation test data and

presented be low.

APet0s t sWTE
ptRetarr 0F stTTLEMtwf. TIME
AFTf4 AECOMPRE$$ tom M

20 2

50 10

90 50

Settlement af conventional spread foundations, estaolished on an

appreciable thickness of controlled compacted granular fill will occur essen.

tially as the load is applied to the foundation.

n
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LAft4AL est$$Uef$

The walls of structures pelow final plaat grade, elevatio? f.36 a

will be subjected to horizontel loads iseased by bactfill meterials. .

hydrostatic pressures, and thr horizontel con 9onents of adjacent foc dation
a

'ov datica loses. ic ,loads. Encluding the horizon:al coroonents of adjace*t a

is reconeended that long tore lateral pressures aga;mr riged aad ne*-rig.c

wells be copeuted using the soulvelent fluid unit weights tatulated eelow;

E0Vivattu* FLUiO
SACRFILL MATERI AL UNIT uf o Gef (Lt$ /Cu.FT.)

AD JAC I47 70 STRUCTU8E A80vt W tea LEyEL 6(Lov W TEs ((vg(

Non-e tCt0 WLLS:
Sand soils 44 An

Clay soils 50 90

RIGIO WLLS:

Sand soils 60 100

Clay soils 80 II:

Lateral pressures developed adjacent to rigid walls leanediately

following placement and compaction of backfill meterief s may escoed the

long tore pressures in the portion of the well near the ground sur' ace.

Therefore, we recanumend that flgid wells be designed for the oculvalent

fluid unit weights presented stove or a uniformly distributed pressure

of 600 pounds per square foot. hichever is greater at any particular depth.

The above recoprenced eeulvalent fluid pressures assuno sa-kfill

soils will be placed in a carefully controlled menner. TTe stiff to hard

on-site clay soils .should not be placed as layers of chunky soll unich

*reysire ascessive temosctive effort to obtain a fumegeneous caussacred fill.

Such e precedure would increase the oeuivalent fluid pressure on the order

of $0 percent. The use of clay beckfill in any areas of limited access is
i

not recessended.

em r s s ewe
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Substructure walls which are esteellshed below adjacent foundations

should also be designed to resist the horizontal components of edjacent e

foundation loads. For preliminary analysis of lateral founeation pressures

we suggest the method of enelysis presented in Spengler end Mickle's* paper ,

" Lateral Pressures on Retalning Wells Due to Backfill Surface Loads." For |
e

final analysis, after the final errengement of facilities. type of backfill,

and final loading conditions are knesn, it is suggested thet horizontal

components of foundation loads acting on adjacent walls be evaluated by

finite element analysis.

UPLtry pet 15Unt$

uplif t loads alli be resisted by the deed weigat of the structures,

the weight of the backfill meternels, directly overlying the foundations, if

any, and the frictional resistence between the structure and the adjacent

backfill meterials. The unit weight of the beckfill meterials may be taken

as 120 pounds per cubic foot aeove the assumed ground water level, and 60

pounds per cubic feet below the assumed ground water level. The frictional

resistence may be computed by assuming a coef ficient of lateral earth pressure

equal to 0.)$ and a coefficient of friction between soll and concrete of 0.)$.

These values apply to beckfill solls composed of clean send and

pertain to ultimate frictional resistance to uplift. An oppropriate factor

of safety on the oreer of 1.5 for normal operating conditions and 1.2 for

mentause probable flood conditions should be spelled to the ultimate values.

e Spengler. M.G. and Jack L. Mickle. "Laterol Pressures on Retalning Walls
Due to techfill Surf ace Loses," Proceedings of the International Conference
on soll Mechemics and foundet ton Engineering, Vol. 3, P.1$5,1936.

i
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If clay backfill soils are used, the ultimate fractional resistance

to uplif t may be computed in a similer menner. encept that the coef ficient of a
'

f rictlen between soil and concrete should be reduced to 0.25

eloor slees estotlished below the design floor level should be

designed for full hydrostatic pressure or should De Provided with adee, ate
e

drainege facilities.

..oco..

The following Plates and Appendla are attached and complete this

repert:

1 $lte Plan (Revised Reservoir and Power P., it Areas)Plate 2 .

Plot Plan (Pomer Plant Ares, Revised)Plate ) .

Generellaed $wtsurface Section 8-9 (Revised)Plate let *

Sesonary of Test Dete (Revised)Plate $ .

s

Field taplorations sad Letoretory TestsAppendis .

Respectfully submitted.

0 Ants & n0041

George 0. Leel
Registered Professional Engineer
State of Michigen
Certificate No. 17383
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APPtss0f t

FitLO taptomattoms Asso LAt09Af0ef TElts .

FIELD (NPtosqAtt0NS:

Peper Plant Aree o the subsurface conditlens et the site of the
8

Preposed leuCleet Pomer Plant were further InvestIgeted by drilling 11

edditional four=lach diameter capteretten test Derlags te eepthe rengIng f rom

Oppresleetely 60 feet to 80 feet telow the enesting ground surface utilising

trud= mounted retary weth and retary euter type dellling equipmer' Laplore**

8101 test berings 730 and 73l were dellied as part of a prevleus lavestige*

tien. In additlen to the empleretion test torings, 24 prose holes were

drilled to depths ranging frase eparealmetely 10 feet to is$ feet below the

esisting ground surfete usillslag truth ununted retory outer type drilling

eeulement.

The dellling operations were supervised by our fleld engineers who

I .elateined le,s of the serin,s, eeteined undisturned semeles of the various

i son si,ei. ,enet,.i.4 ut ni.in, oemes ,s.e,. Sen i.,s .ed sue.rvis.d

the performente of Stenderd Penetretlen fests. Graphical restesentellens of t

I the sells penetrated by the terings end prete holes are shown en Pletes

I A*le threvsn A lu, Log of perings. The mothed utillaed in slettif ying the

I tells is defined en Plate A 2, unified tell Classifisetlen lystem.

Undisterted seseles of the sells penettsted by the emplorellen

test borings were ette6ned in Demos ,seste sell lamplers of the type

inu.t,ei.4 en ,iete ..), sen .le,1,,e U. 1,,e .e.es . e,e o n

se.eiers we,e 4, .on op.re. .etei, is n s into the so.i .ith 4 - ,

.eighing .ppre. . .iy no pounds f.ning sporee .i, v. ino.s. the

.. . . e

.

*
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Stendere penettellen fests were performed utillslag a split speen sempler
P

having en evtside diameter of tue lathes and en laside elemeter of one sad e
i

three eighths of en lach. The split spoon templer was driven 18 lashes

late the grov d with a hemmer weighlag lino pounds f alling 30 lashes. Thea

'
auseer of times reewired to drive the Danes & muore sell semplers and the

split spesa senpfer for the setend and third sin lathes of s'aetrosion are

roterded on the Lag of teclags.

The hering letetiens and the elevations of the gresad surfete were

provided te us tv e servey are, from the fire of hunter. Whittfor ead letterg

letated la m6dlead, hichigen. The ground surfoto elevation is shown noeve'

the leg of eeth toring. These elevetleas refer to the U.S.S.S. Datum.

tA60pt0ev ttst1r

Streaeth tests a Direct theer, untenflaed tenpression sad triesial
,

tesoression tests were performed on selected undisturbed semples to evolvete

the strength theretteristics of the verleus selle pen etrated by the betings.

The direct sheer tests were per'ermed la the senaer described on

plate n*4, stethod of perforslag Direct theer end Felet ten Tests. unceafined

temoresslen and telealel compression tests were perferood in the senaer

described on plate 4.$, methods of performing untenfined end triealel

Ceseression fests. Stress *strela curves were plotted for eeth statis

strength test. For the direct sheer tests, the sheer strength is yleid pelat

strength or the strength et a deflottien of one. tenth of en lath whichever

,.st.,s fi,si. F., ile .nse fi.e t ..esi.n .4 i,ie.i.i tem,,essi.a ieste,

sh rinc strea,ths o,e thes.a ess.iag that th. eagie .f sate,..: fritii.a

of the sehesive sells aos eewel to aero. The sheer streagths preseated are

either pese strengths er the strengths et en eelal deflottien of ten percent

.. ., s e

e
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of the sesele height, whichever escurred first. potermination of the meisture ,

conteat and dry density were ande in taajuattien olth each strength test. The '

results of the strength lettse together ulth the essociated meisture*deaslty

determinatiers are presented to the lef t of the Log of tarings in the meaner
e

described by the Rey to test Sete shown en plate Aa1.

Coasolleets, tests * Ceaselldation tests were performed on repre*

statellve undletuPDed $5eles end a repelded semele Of the sells penettsted be

the betings to provide additional date for est 6 meting settlements of fill and

foundellens. The results of the tenselldellen tests are presented on

#letes A*?F through A*ht, (engelleetlen fest Dete.

M isture*0ensity Tests * M isture*eensity tests were eerformed in

senjunstlen with each strength end sensellection test. Additlenel meisture.

ead/or deaslty tests were 6erformed en selected semeles fer terreletten

purposes. The results of the meisture and/or density tests are presented to

the lef t of the Log of torings la the meaner desselbed by the soy to test

Data shown en Plate A*t.

Creta lite Olsteltatlea * A determination of the grain site dise

tributlen of selected smoles of saady sells omtreated from eerings was

made to facilitate elessifisetlen of these sells. The results of the

meshenital snelyses performed to determine the greln site distritution are

presented on plate Aell train lite Analyses.

e

saaeeny essene

f

.

A



.. . _ . - . ..

f
E

i t

!
I

i I
'

|

|
'

,

!

!

A.4

l

tveAMif esasutus W (LAttittivt
e

A c i..d deri,etion of e oreeriete .el ef dyn +t seevt. of i

elasticity (t) for the very stif f to hard eley tells underlying the site 16

es follower
e

IAeftsauhett AttttthAt 0e t 9 50 Pit? 9tPtw
AT hAFA C E L B5 / SQ FT .

0.0$$ 30 R 10'

O. log It s 100 [
'

0.20s 17 10'

Pelston's het 6e may be essessed eguel to 0.4 The eeeve sneewtus of

( elasticity welues are esprealmste end it is receumended that they be verted

by plwe se minue $4 portant la enelyses to evoluete their influente. It is

entitlpeted that sell damelag will be in the reage of five to ten perteat.

The above values are deelved frem the este of Idritt and Seed

|
puellehed in the secaneer 1964 is of the o f retin of th. setemelegical

letlety of Amorite.
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The following Plates are etteched and sesolete this APPendiar
e

Log of torings (tering 7)Plate A*lt *

Leg of torings (Serbeg 8)Plate A*lt *

Log of torings (tering 9)
I Plate A*17 *

'

Log of Berings (Sering 10)Plate A*lt *

Lag of Berings (tering II)Plate A*In *
,

Log of Serings (Sering 12)Plate Aall =

Lag af toringe (Boring 13)| Plate A*lJ *

Leg of herings (tering14)Plate A*1K *

iLeg of torings (tering l$)Plate Aell .
i

Log of Serings (tering16)6 Plate A.IM *
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METHOD OF PERFORMING DIRECT SHEAR AND FRICTION TESTS !

1

DIRECT SHEAR TESTS ARE PERFORMED TO DETERMINE

THE SHE ARING STRENGTHS OF SO!!.S. FRICTION TESTS g,

y ARE PERFORMED TO DETERMINE THE FRICTIONAL RE.

SISTANCES BETTEEN SOILS AND VARIOUS OTHER MATE. 1 [
..

,

g RIALS SUCH AS TOOD, STEEL, OR CONCRETE. THE TESTS

$ _g 3 J- ;U ARE PERFORMED IN THE LABORATORY TO SIMULATE
> ,~
ke ANTICIPATED FIELD CONDITIONS. e

EACH SAMPLE IS TESTED TITHIN THREE BRASS RINGS,

TTO 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 THICH THE SAMPLES TERE 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 THICH 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
W

TO THE AXIS OF THE SAMPLE. TRANSVERSE MOVEMENT OF THE OIRER 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
W
$ IS DETERMINED FROM THE RESULT 1NC LOAD-DEFLECTION CURVES.
O

g FRICTION TESTS

i IN ORDER TO DETERMINE THE FRICTIONAL RESIST ANCE BETTEEN SOIL AND THE SURFACES OF VARIOUSg
W
g MATERIALS, THE CENTER RING OF SOIL IN THE DIRECT SHEAR TEST IS REPLACED BY A DISK OF THE

gg MATERIAL TO BE TESTED. THE TEST IS THEN PERFORMED IN THE SAME MANNER AS THE DIRECT

SHEAR TEST SY FORCING THE DISK OF MATERIAL FROM THE SOIL SURFACES.i

| |
|

|

|
- ..

AP#uED EANTte scattoCES
.. . .-

MN
____-________- _ .- . - _ - - _- .-. ._..
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M ETHODS OF P ERFORMING UNCONFINED COMPRESSION AND TRIAXIAL COMPR E5 Clos TESTS

THE SHEARING STRENGTHS OF SOILS ARE DETERMINED K p
FROM THE RESULTS OF UNCONFINED COMPRESSION AND |

'

TRIAX1AL COMPRESSION TESTS. IN TRIAXIAL COMPRES- e

SION TESTS THE TEST METHOD AND THE MAGNITUDE OF {|Qj '

"

THE CONFINING PRESSURE ARE CHOSEN TO SIMULATE

T ''I
,

W ANTICIPATED FIELD CONDITIONS. f
a
O UNCONFINED COMPRESSION AND TRIAXIAL COMPRESSION

TESTS ARE PERFORMED ON UNDISTURBED OR REMOLDED g
l,

SAMPLES OF SOIL APPROXIMATELY SIX INCHES IN LENGTHg AND TTO AND ONE-HALF INCHES IN DIAMETER. THE TESTS 1 '

b ARE RUN EITHER STRAIN-CONTROLLED OR STRESS- I O !
d d> CONTROLLED. IN A STRAIN CONTROLLED TEST THE

ph,I,,Ia SAMPLE IS SUBJECTED TO A CONSTANT RATE OF DEFLEC-
p

TION AND THE RESULTING STRESSES ARE RECORDED IN dg *M
A STRESS CONTROLLED TEST THE SAMPLE IS SUBJECTED I

TO EQUAL INCREMENTS OF LOAD flTH EACH INCREMENT |
"

-

BEING MAINTAINED UNTIL AN EQUILIBRIUM CONDITION
TITH RESPECT TO STRAIN IS ACHIEVED. 4;.

TRI AXI AL COMPRESSION TEST UNITYIELD, PEAK, OR ULTIMATE STRESSES ARE DETERMINED
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 TITH SUFFICIENT COHE-
SION SO THAT THE SOIL TILL 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 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. TliE TESTS ARE PERFORMED IN ONE OF THE FOLLOTING TAYS:

UNCONSOLIDATED-UNDRAINED: THE CONFINING PRESSURE IS IMPOSED ON THE SAMPLE

U AT THE START OF THE TEST. NO DRAINAGE IS PERMITTED AND THE STRESSES til!CH
ARE MEASURED REPRESENT THE SUM OF THE INTERGRANULAR STRESSES AND POREg
TATER PRESSURES.

CONSOUDATED-UNDRAINED: THE SAMPLE IS ALLOYED TO CONSOLIDATE FULLY UNDER
THE APPLIED CONFINING PRESSURE PRIOR TO THE START OF THE TEST. THE VOLUME
CHANGE IS DETERMINED BY MEASURING THE TATER AND/OR AIR EXPELLED DURING
CONSOLIDAT10N. NO DRAINAGE IS PERMITTED DURING THE TEST AND THE STRESSES
THICH ARE MEASURED ARE THE SAME AS FOR THE UNCONSOLIDATED-UNDRAINED TEST.

DR AINED: THE INTERGRANULAR STRESSES IN A SAMPLE MAY BE MEASURED BY PER-
N FORMING A DRAINED, OR SLOT, TEST. IN THIS TEST THE SAMPLE IS FULLY SATURATED
j AND CONSOLIDATED PRIOR TO THE START OF THE TEST. DURING THE TEST, DRAINAGE

IS PERMITTED AND THE TEST IS PERFORMED AT A SLOT ENOUGH RATE TO PREVENT
THE BUILDUP OF PORE TATER 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
PROCEDLRE IS APPLICABLE TO COHESIVE SOILS IF A SUFFICIENTLY SLOT TEST RATEn ,

g IS USED.

o
3y AN ALTERNATE MEANS OF OBTAINING THE DATA RESULTING FROM THE DRAINED TEST IS TO PER.
eu FORM AN UNDRAINED TEST IN THICH SPECIAL EQUIPMENT IS USED TO MEASURE THE PORE TATER

PRESSURES. THE DIFFERENCES BETTEEN THE TOTAL STRES~iES AND THE PORE TATER PRESSURES
MEASURED ARE THE INTERGRANULAR STRESSES.

g

====== s meses==
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M EniOD OF PERFORMING CONSOUDATION TESTS

CONSOUDATION TESTS ARE PERFORMED TO EVALUATE THE VOLUME CHANGES OF SOILS SLTJECTED
w
>-

$ TO INCREASED LOADS. TIME-CONSOLIDATION AND PRESSURE.CONSOUDATION CURVES MAY BE PLOT-

* TED FROM THE DATA OBTAINED IN THE TESTS. ENGINEERING ANALYSES BASED ON THESE CURVES
5

PERMIT ESTIMATES TO BE MADE OF THE PROBABLE MAGNITUDE AND RATE OF SETTLEMENT OF THE

r:
TESTED SOILS UNDER APPUED LOADS.

EACH SAMPLE IS TESTED TITHIN BRASS RINGS TTO AND ONE.
\

HALF INCHES IN DIAMETER AND ONE INCH IN LENGTH. UNDIS.
. --
El

TURBED SAMPLES OF IN-PLACE SOILS ARE TESTED 'N RINGS g j

TAKEN FROM THE SAMPUNG DEVICE IN THICH THE SAMPLES O
TERE OBTAINED. LOOSE SAMPLES OF SOILS TO BE USED IN - ~$

CONSTRUCTING EARTH FILI.S ARE COMPACTED IN RINGS TO q

PREDETERMINED CONDITIONS AND TESTED. g%

IN TESTING, THE SAMPLE IS RIGIDLY CONFINED IATERALLY

BY THE BRASS RING. AXIAL LOADS ARE TRANSMITTED TO THE

ENDS OF THE SAMPLE BY POROUS DISKS. THE DISKS ALLOT

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

MEASURED BY A MIGOMETER DIAL INDICATOR AT APPROPRIATE TIME INTERVALS AFTER EACH
5,

8 LOAD INCREMENT 5 APPUED. EACH LOAD IS ORDINARILY TTICE THE PRECEDING LOAD. THE IN-
'

g CREMENTS ARE SELECTED TO OBTAIN CONSOUDATION DATA REPRESENTING THE FIELD LOADING

#
n CONDITIONS FOR THICH TIIE TEST IS BEING PERFORMED. EACH LOAD INCREMENT IS ALLOWED TO
U
u ACT OVER AN INTERVAL OF TIME DEPENDENT ON THE TYPE AND EXTENT OF THE SOIL IN THE

I
FIELD.

,

;, .

'

\

!
'
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Dames & Moore Company
309 West Jackson Blvd. Re: Nuclear Power Plant
Chicago, Illinois 60606 Midland, Michigan

Attention: Mr. Bill Moore

oentlemen:

From a study of available preliminary plans, boring data, soil 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
two ( ) horizontal to one (1) vertical slopes, (to allow for berms at eleva-
tion 00.0 and 585.0 for unwatering and stabilizing this area of pervious
material with a 2-stage interconnected we11 point system. (See attached
sketch).
Although the soil samples visually appear to be a fine sharp and clear sand,
the grain size analysis, and previous we11 point dewatering in this area, in-
dicates that the we11 points 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 be
ame dips in the clay that will require a small amount of sand-bagging.

However, since the pervious soils 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 thereaf ter.

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

l

Very truly yours, |,

GRIFFIN WELLPOINT CORPORATION I

(Indiana) l,

l.

,

'
'

H. Hockbe er
Vice Presidentt

Enclosure: Sketch of 2-stage we11 point location

!

|
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I a. .niru '. :iruveng:22 . 1 := witn Jensurers icver Co=pany as a ::2ff in-ineer

in the Project 2n-ineeri u- Servicee *:epart.7.ent.

2.ea 3. ,., . a 4 ., , ... .
. - . .

I vill be ceseribine tne remedial measura: in preeress or planned fer the

firs- five iters en the a enda under .L-:iele 3.,(Ilide 3.1.1). E ely,-- -

DG7, 9, tank fa''s, diesel -11 storage tanks and underground facilities.

2ece remedit'. :::sur:: .-e dis:usssd in gr-at deteil in Our responses

to 50.5L(f) questiens and 50.5-(e) subnittals. 2 erefore, ! vill

.

te presenting o.nly a brief cutline of the renediel vorh.

3.1 Diesel Gene *ator Tuildine IFlide 3 1.2)

2e diesel generatcr baildir.g is a box-shaped structure. Its main

prpcse is to provide a housing for the fe r e.:.crgency diesel genercters.
.

S e structur d vd is are very ridii. The building is suppcrted on

strip fcctings. 2e building and the generntor pedestz1 are founded
- .

cn approximately 30 feet of fill. In su==er of last year, settlements

; =cre than anticipated. values vere observed. A detailed scil inrestigstion

was condu:ted. The back'ill was found to consist of soft to very stiff

0117 vith p :kets and layers of very loose to dense sand tackfill. The

conclusien of the investigation v2s thal the fill vas not adequately

ec pacted. Sased upon the reecn=endation of our soil consultants,
.

profescors Pech and Hendron, the remedial =es:re chosen was to prelcad
4
the existin; backfill by layers of sand sur:'..rf e .

'

I i

- (Sli. e 3.1.3) - This slide shows in ple. . %e e.-tent of sand surcharge.
..

1

!..

l

*|"he surch2 ge vas g*adually applied in steps. To date, the backfill j
l

. . n. . . *6 . ,i . .._ $.4. .u. 4 - b.i. ca.t a.d * o ''#- #a. a.+. '.5..* a. b o ' a _a .d. '..,-

. 3 . .. - w . . . _.. .. -.

.

. . . o . . . h ) . }. .. S C .- %. .+ 1C. o e + s.,.( ei , a ,,s. . . t . . . .. . .e S. 4 .3
*e.

a.s. .. s .. .. ... . . ..s.. . ... .

.



. - _

. .

.

. . . -

' ,

. .

i

f
*

r >

b- 14in arj the .=urel or-4 ''ie sur:htr e vill produce ctresses in the.

,

. .lY f. c. aw.- .......__..T.. .111 v; 1; c....1.:.;. v.:.:n th: :truc .r:
.

1: ;:rntien.1. T..is zur:1.r.: vill re.:in until exce:: pore ;recrures

are essentially dissipated and the rate of residual settlement becom,es
, .

s s- < . ......,.............,...,.i.,.........,..,..,... ... . ...... --... ... . . ........ ............. .

Tne nrel:ad c :::lidates 2 ft areas of clay fill; however, will not

- ~

ri-iificantly in;rova the cuali ;v of loose sands. The notential of

liquefaction of these sends and c.erial devatering of the ple.nt site as
,

a re edia' -=+=iire f:r this prcble: vill be presented later in detail.

.

A.

'dlide 3.1. 0 - T.:1.5 alile aliv/;lan s..i cr s.-sc:tional elevation of

:. typie:.1 die:el len:riter ;tiestal. Tnis is n' reinforced cenerete

gr. ........e ,...>...,. > .> .. ,.,...>.,...,... ,o.. . .... .... .. \;~.n.o. ,,a. s. , o. a _, ,
. .. . . . . .-. .. .. .-. _

.

beneath the pedestals have also,censelidated ,resulting in differential

settle =ent. Differential settle ent of the ;kiestals vill have no effect
w.

en alir.nment of the enr.ine and,cenerater be:ause they are both mounted

cr. the sar: fcund:.tien. 7 rthtrr. re, te ade of the enor=ous stiffness

c' the ;edestal, no sic.ificant varping is er:pected and the top of

~

'the pedestal vill cer.erally lia within c~r.e ;;ane. '!he diesel gene: ater

vill be se: in a level pe:ition irrespective of the ss.ount of differential
.

- settlenent between th'e cerners of the pedestal. It vill be achieved
,

~
# *} .

eithe(by c suitable layer of ,rcut on the pedestal or by chipping a.-

few inchen of tcp concrete ani refinishing it to the required level.

.
,

Cne .n:Mr* it?a!' hne eennide-oble tcleran e'linits for tilt and roll. -

.

e
-

M . .n.1. ?.'rbine. , %e r u. it' eturer of t$ a diocel cenerator, stated th1tt
4

|/
* *

,

.
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.

a5 cmtined bec:e.n.-1 til: nnd rell. rill not nfrect the perfor nnee of W: wm*
.

<\
hat

the e,em:rrator,4. e urcie nure , aurin (opencion or sne plant, if furtheri

==

differentini :cttic.:.ent en;:ss to exceel this t:1erance, the nanufacturer

states that the fener9 tors esn be ?hi: .e4 bsek to leve3 position.

hrefore,in suruarisini,fo. the ,0,1 the renelisi work of preload is-

in progress and devaterin, of site is veing pisnned for imple entation

No further renedial work on the pedestal tht.n that mentionedscon.

before is anticiptted.

3.2 Se-rice 'later ? .-- Eene:ure

(Flide 3.1.1) - The service water pu p struture is located in the

southeast end of the site adjacent to the cooling pond. This (Slide 3 2.1)

slide shows a plan view of :ne strue: wee. ;he coolin6 pond is on the

scuthern side. IA'cr pertien Of the strue:ure is fcunded en natural soil

material except for the r.orthern portion which is founded on fill.
.

or
(Slide 3.2.2) - This slide shevs =. crcss-secticn. view of the structure.

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

the main building, is founded on backfill caterial. As a follev-up to

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

vere taken in this' area. The borings indicated that the backfill consists

of soft to very stiff clay and loose to very dense sand. The conclusion

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

structure were not sufficiently compacted.
4

However, no significant settlement of the structure has been noted.

The reason for this is that the existing dead 1 cads from this portion are
I
'

bein,; supportel by the rect c' the structure thrc'.y-h enntilever action.
.

.

l

. .
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'"he reneli:1 n222 2r2 crccen vae to s =.:.r: the north vs11 on niler.

e . .,. s
.

.

~ . . . . . . .
. _. . . - . . . . . . . . . . . . . .

. . . - . . . . . . . -- - . . .. . . . . . .... -. ,

. . .. ,--. -- ..u....

~ _,

,a ,...;,.. . . . . . . . ...<....~a..,....,...n,-
,.,,. z_ ... ., .-...-...e.,

._.s. .. .. . .. . . .

.

.

; c , < a . , o n.
.-

h a.. ..,a.a... . u.. ~. .. a.. .. , s. u.. . , . , . . . ~ . * *.. a' s s.
-

. . - . . ,---- ~
. . .. .,

. -
,

f3
of 16 :.ncs is ph.ned at th! tine. The piles will have a capacity of'

100 tens an:'are'desi.ned as bearing piles to carry only vertical

load. The piles vill b ' pipe piles fillei with concrete. "'her vill.

s s >

- o., +>n. * s.ebe p,,n :, e .u.,.. .. . e >. < v a . n < ..e . a . ~. ..t.n -+-- --.- - - - -
. . . .. -- . .. . . ... --- . . .

lencth of pilea is ex;ected to be 50 feet.

,

e. e. , , ,. . . L s _ ... . , .-,:, .. .........._,,...,n_-.s n... . . . . .,s. .:,
.. . . . . ... -% . . . . ..

_. -. . ----. .

rs

' a. a d ' o ". ..a. ~.1".. +~ '. 5. .a. E, . . =. .= ~~. a. e.'.=.~. d.'..,'.'.....*<.~....a.'..-. - .. .. . .. . .. .

* .

eer':els .

s %
-

, ,. ..

, . . . . ,

(Slide 3.2.5) 'he concrete corbelsivil,l be' ancEcred to the vall by a-

systen.of e.n: hor bolts. Tne pipe pib.e's in turn vould be jacked against
c

: eT

the cor3els te ef%:t the trani:fer of 1 cad.
-

.

A teet pile vill t. e lead t,ested to deted v.2 its-earacity.
, * *

3.3 T nk 70: -
'*

, . , x_

s. . .

($lide 3.3.1) - This slide ahova t&nk fa.re. J.n plan. - There are two
|.g

SWTs, a utility tank. and. a prinary stora; c tank.,0f these, only B'4STs are- i

.N 't I

isafety rel'ated. The Bi*C has a capacity of 500,000 Sallons, 52 feet in |
-

e 's 1
- '

. ,.
1dia=eter and 32 feet ,in hsight. -

, . .

t
4

,
,

.

D,

. (Sliie ".3.2) 'Thh '-n. is surpc- ted en a chort concreta r5- r-irier
'

4 6g *

*-#s,

h hd hh (1 h kg* * . .

. . .
- 4 N J i. '

,

.



.

.

J

.4... . e. : . . .e . ee. . ...9.. . %. . ., i .e. a s. . . '. bev..- s'.. .v. 4n.a..c o .4. ...~. + s. ..<.4..a . _ . . . .. s . . .. :. .

..... . . .
-- - . ..i. -e. . . . , . . . . , . . . . .: .*s. . . . . , .

. . . . . . . . . . .
. . . . .

:. a e . ._ _e. ,.. . . . .
.....,....a. c .. ....e.... ,

.2
.,. .w..,..o .. .. a r . . . , .. .

. . . . . . . . . . . . . . . . .....

and instaliation of piping is in prop;ress. As a fe lcw-up to to

... 4._.. 4-. 4.,. ., . 3 3. . m. ... y .t, nr.tu-e. founded as rill. several..
.. .. ..

.

... . . .
e. .u.....,..._._._,. . . . . . . . . . . . , , . ..a....,.,., ._..3,..,,.,._.,a...,. .... .. . .. . .

. . . . . , . .

The results of the in.estigation :.ncic:2:e :n:: .ne tent.s are supportel
. - . . > . . .. .: _., c, a .. . . ..e ,.on ._..a; m. o .,.e,.. s.>.. ._.__,y m t :-. .- . . ..

... . u.. . .. .__ ... ..

=ec. .>. s .=.~. .*. * a ~e- s . m.. .' . ~ . . . . ' . ' . ' . _ ' - . . s .- . . . = . . ' . . ' _ _ ' **s". i ,, *~. .* =. '. - . *. *.. *. .c ~.~n~ o ". .--
^

. .. . _ , . . . . . _.

_a4. a>
t ,. ,..>.. s,e so ._,.c..a. .ee.o c . a-n ..>.,, s.

. 4. ..__ .. .... .c ,. +.ue .an.. .n.:. t... ... ._

........._2.,.s..,... s 4,. . , ,u . .,. 4.. 3 s...a,....,..,. , , . _ . _ . .....__e e.,_. w.. .s . . . . . . . ._..

. . . . .. . . _ .. . . .

_. ._s . .. 4ng,,
. . s. e . e. s . 1 . .. 3. ,. ..o.. . o ,. s. . s+. 4 .., . .m. .. . ( = , 4 4. .. .a . . . O. ,,

. . .. m. .. . . . . .: .. . . . .
.. ._

.s... .._.. .s.., ..s w. . 1 ,4.. n. . -4,4.,.,_ ,0.,.c'ien. s are bei" ~*.d.a... . :. . . . .. . . _ . ... ... . . . . .. a

to allow start-up, flushing, filling and testing of the tanh. Selected

points on the iping betwee.1 F. 3 " and the aux 111ty building *.-ill be

nenitered fer settlenen durine construction phase. Any differential

settlenent e+,. air s ressured 712 be an..lyzed in accordance with

established precedures.

.,, 4. .s. .h e :_ ..mm. .efo44 4s__ 2. ,.1._._t
a

.he a .,.e.sa, .. ,s
I c..- .

., . . . . . . . . . .
. -.- .

satisfactory and vill be confi:=ed by a lead te.st. Berated ..2ter lines
a

vill be monitorel and evaluated for any differential settlements.

Therefore, no renelini actica is anticiapted for these structures.

3.4 Diesel 011 Stere e ' :nks

(Elid? 3.1.1) '~he r il eterr e ten':s ere lu:stal r.outheast of the. ,.
. m,.

4.- ." eral enerate- 1 */* '. .ii n . '?nere a re !+ t.".nha , e teh 10 feet in din e'.ar.

* -

.

,P
A

.< s *

*4 feea 1.4 EsL U..
.

Y' . hl.



!
-

. i
I

)
. -

'

.

~

I4

(Slide 3.L.1) - There is six feet of earthen cover over the top of the
.

's5k. 'i h a ta _k. is m m rtad at +heaa m4 rt e archn-ad to concrete

p edec k.12. Tr.e tanks are founl-;d en tschfill cnd results of boring

pr:6m i iics:ca ths; the ;- s u s;;;;..22 cn :.ilun to stiff

sandy clav backfill. This soil condition is adequate to support tae tanks.

Moreover, the weight of the tanks is approximately equal to the fill that

it repls:42. In order to verify th t the fC 1 is satisfce. ry, thesa
tanks have been filled with water and settlements are being monitered.

It has been three scnths since the tanks he.ve teen filled with vater

and no appreciable settlements have been noted yet. Therefore, the

backfill is adequate and no re=eiial =easures are anticiapted.

3.5 Undere,nue racilities

The underground facilities that vill be discussed are Seismic Category I

piping and electrical duct banks. This (Slide 3.1.1) slide shows

safety-related piping, nacely Service Water Lines, from the auxiliary

building to the service water structure and diesel generator building

to the service water structure. Borated water lines from the auxiliary

building to 3WST and diesel oil lines from the diesel oil storage

tanks to the diesel generator building. Electrical duct banks are

also sbovn in this slide.

To evalute the present condition of piping, a representative group of'

piping was selected and profiled by a ||old Aquaducer Profile Settlement,
1

Gauge. This (Slide 3 51) slide abovs for illustrative purposes a

plot of one of the lines profiled. All the pipes profiled vere

i re-- 'y:ed tahing into account the cessured differential cettlenent
.

in se:ordance with the provisions of current codes. The. analyses
'

.

.. .. . - . - . . . . _ . - - .- - . . . ~1

. - .- - - , . . . .. - - . -
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a..,*.'4 . 4,9 ..s..*. C.. . ..s...t v.. *wn S+. e.sCS .,e,es .6 .. 6" 4 . k. .i +i. ... c.**... ., ,, . . .. . .. c . .3 ...sa._... . . w.. .s .. ....

_.4. 4 ., 3 a . . w i. ,, . . w ,. , ,.., ,. .,., ....i.,, .. _-- . t 4 . . , , . .:
. . .. . .

c..... . _ _. , . . ,.u ,;u i . ..

.. . . . ., . ..~. .. . . . . a; . . . .r .. . . . . . .. ... . ..... . . ... ...... ...

I .scr;. , tr.e :,ius are very dac ile and calculations show that

......_,.,_,,e..re.+w, re..e.... o ,. 4.4 ,,...._,,, c...,....+ . 4...-..... ... . e...r . . . . ........___ . . . . . . . . . .
,

.. . . . . . . _ ..

et.,e .. . T .ra,re, La re.:.ecirJ. wxk is anticipa .ed vit.b regards

. o . ,. , . a. ,, a . a . .. . - . . ,.2....

- -
....4..,... ..

..
. . . .

. . . . . .
.,.

a a 4 ,a
.. .

., . a . ,. . s. . . , . . e _ . . . . c . .- ., ~. ~.r .ne. . ... ..2.. _. .. :. . . . . . .s.-... .. . . . . . . ... . . . . . .. -.. . -s

. . . .....c....,.......,.....,2, . . ,..,. .w,. . . . , . ._. _.
., , _.... .,. . c. ,..

t
. s. _ s ... . . ... . .... 2 .. . . .

,x . ..

,.,_.4._ . .._i i e .,4 . ,. 4.w 4.. + s.. ..4..4.+.. e. s.,.. , t.,., +w._. . . . #. .a i ,
. ., . .. . . . . . .. . .. .. . .. . ... . .. ,, . . . .

tk..'- .' 8.. a'l '."a. va ' s'. . " . . ' . ' . -*....e_- as*,.*'_***..*.*'.S... " . - ' . 'k=_'.. '.e '' a '. e .
*

.. . _ . . . z. _ . . .. -

the du. t banks are intact. Fu-therore. the duct banks P.re rei'' creed
pe m.:Ms;

vi.:, . . 4.
-

c , . .. t% e, e., e rzs e c.. , 2, ,.. ,.,. e a_.o..nt o.,. . , . . . _ p . . . . . . . ..... ... .- .

- 4c.a, t ..., . ., 4 n ., . 4 .%.. ., . . , . .. .

(w iae 3.5. f . c.. n.,.1 .., 2. io a . a a. ;a th.., a .., ,.4_ c., , du .i , el2_._. _. . . . .- .. . . . . . . u. _i .. .. .. ...

l''

banh of 100 feet in lent; h can undergc a =2xin.=: of d'f,cf central

c.,3..,+4.cn in ,., .,.a4 _ . + . ,2,_t .,.+ e l oac .
-

. . . . . . . . . . . _ _ , . .

In su==sry, the intecrity of the duct bank is estc5.liched by parsing a-
a 4. a.a

4
.u ,. .,.. . . ,+4 c a..i , , .i.. .

..r c.,. 4 c , s uct, e,..i.,..,4.. i. . w. . . .i., a..
.. . . . . . -. . . .... .. ... . .. . . . . ,n

and can abscrb considergble a.aount of differenti21 cettle ent

without cicnifi,:c.n: rtresses. Therefore, ne re .edi:1 r.er.sures c e

. 4.,e... ._: s. h.. . . . .
c... . . .

... .. ..

.

e - w
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