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Bechtel Corporation
,

Engineers-Constructors-

Fifty Scale Street
San Francisco, California 94119

August 22,. 1969

Dames & Moore
309 West Jackson Blvd.
Chicago Illinois 60606

Attentions Mr. George D. Leal

.

Subject Consumers Power Company
Midland Plant Units 1 & 2'

Job No. 7220
Soils Investigation

.

! File: 0120,' 1700, C-lY

Gentlemen:

.

Referring to your letter of July 8,1969, on the subject of plant
| excavation slopes, we have the following comments on which we
i would appreciate your response:
1

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

For the case 2a, " western soil profile", the reported factor of
safety of only 1.1 is less than the minimum 1.25 which we con-

. sider acceptable, particularly as the slope may be standing for
; as long as a year. However, the assumption of phreatic surface
; extending to the surface of fill at elevation 634 is ultracon-
i servative, and we see no reason for this to be higher than the

existing water table assumed at elevation 604. On the other hand,
a tension crack along which there is no contribution to the shear-
ing resistance should be assumed in the cohesive fill. These
two factors will have opposite effects on the stability.

'Please comment on whether more realistic assumptions for stabil-
' ity analysis for the " western soil profile", may justify a low-

er phreatic surface (el. 604 instead of 634), but inclusion of a
tension crack extending to a depth consistent with the assumed'

properties of-the fill. If you agree with this, then please re-
i calculate the factor of safety for these adjusted assumptions.

The text appended to your letter (Part 1 " General Description")
is a general method of stability analysis based on published ,

( literature. No indication is given of how the method was applied
to the present problem. It would be useful for our review and
for record purposes if you would submit an illustration showing

,

the location of the slip circles analysed and the correspaaM ngi
factors of safety, together with the assumptions made| .

.

- - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ . __ _ . , -- . , . _ , , , , _ , , , _ _, , , _ , , , , . . , _ _ . _ _ , _ , _ _ _ _
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; Mr. George D. Leal -2- August 22, 1969 |
,

in the analysis. This would assist us in forming a judgement
;

on the significance of " minor sloughing" which, as you indicated,
'

,

may take place.f

|>

Regarding the stability at the " eastern soil profile", you in-
dicated that the factor of safety is dependent on the location'

of the phreatic surface. Please provide a description, more
precise than that given in paragraph D-4 of your letter, of
the minimum distances from the soil surfaces to the phreatic
line. This is required in order that these distances can be

,

j included in the dewatering specification.

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

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

1. Furnishing to us' complete details of calculations of total and
differential settlements of the major plant structures. The4

! maximum and minimum settlements should be stated. The estimated
settlements should be given for the centers of the reactor and
auxiliary buildings, such as required to determine the maximum,

and minimum differential settlements. The relatively small

!'
differential settlements were queried by the AEC. Information
is required as to whether single or double drainage was assumed
in the settlement analysis, details of rate of settlements,
and whether artesian condition in underlying aquifer was allowed
for.

As you are aware, these analyses should be thorough and by
_

methods which would be acceptable to AEC personnel and their
l consultants. It is important that the short term elastic and

the long term consolidation type of settlement should be given
separately and that the effects of the deep excavations and the
area load to El. 634 be taken into account. The timing of these
phases of unloading and loading shoul,d.also be considered.

.

We note that consolidation test results contained in the reports
i submitted to date do not include data on the time rate of consoli-

dation such as coefficient of consolidatioriswhich normally are a,

part of consolidation test results. Will you please furnish
-

this missing information as part of our original agreement.

2.. Recommendations as to the criteria such as relative density of
sand and strength of clay, or glacial till, which would determine-

what materials can be retained in foundations and what materials
j must be removed for stability under seismic conditions of Class I
'

{ structures. (The operating Basis Earthquake is 0.05 g and the :
Design Basis Earthquake is 0.10, g) .

3

-. . . -._ __ . . _ _
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| Mr. George D. Leal 3- August 22, 1969-
.

i

3. Recommendations or comunents on seismic stability of the dense i

; I
' clay till type soil which will be supporting the reactor and

auxiliary buildings and in particular of silt and sand inclusions'

of this soil as indicated on the borehole logs.

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

.

Providing us full design, including plan, illustration, descrip-'

.

5.
' tion, and specification,.for the installation of the piezometer

monitoring system around the plant excavation which you recom-
mend in your July 17 letter.

t

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

August 29, 1969.

very truly yours,j

%

- Project Engineer
Bechtel Company

PAM:ea
(In dup.'
cc: Consumers Power Company .(3)
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SUPPLEMENT TO REPORT

FOUNDATION INVESTIGATION AND
PRELIMINARY EXPLORATIONS FOR BORROW MATERIALS
PROPOSED NUCLEAR POWER PLANT
M10LANO, MICHIGAN

FOR

CONSUMERS POWER COMPANY

,
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March 15,1%9

Bechtel Corporation
P.O. Box 3%5
San Francisco, California 94119

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

Gentlemen:

This letter transmits fif teen copies of our "S 1pplement to Report,
Foundation investigation and Preliminary Explorations for Borrow Materials,
Proposed Nuclear Power Plant, Midland, Michigan for Consumers Power Company,"
dated March 15,1%9.

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

The data and recommendations presented in this report are intended
to supplement those presented in our " Report of Foundation investigation,
and Preliminary Explorations for Borrow Materials," dated June 28,1%8, 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

j (
George D. Leal

40L:WM:mf
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SUPPLEMENT TO REPORT,

FOUNDATION INVESTIGATION ANO

i PRLIMINARY EXPLORATIONS FOR BORROW MATERIALS
i

PROPOSED NUCLEAR PCWER Pl. ANT
;

j MIDLAND, MICHIGAN

i FOR
i

CONSUMERS POWER COMPANY

I
INTRODUCT10N

.

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 presented in our " Report, Foundation investigation and

Preliminary Explorations for Borrow Materials, Proposed Nuclear Power Plant, '

j Midland, Michigan," dated June 28, 1968. Subsequent to the initial investi-
1
i 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-'
<

i countered at the new location, the plant structures were relocated a second time j

,
to a position 40 feet south and 20 feet east of the original location. The

!

data and reconnendations presented in this supplementary report are appropriate
i

j for the final plant location.
i ;,

I |
t

I S

r

. !
j i .

I
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I
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SCOPE

The purpose of the supplementary foundation investigation was to

develop data and recommendations appropriate for final plant design. The

specific program discussed and agreed upon for investigating the site consisted

of the drilling and 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 reconenendations and

substantiating data.

1 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 Inforrr.ation:

I - Modified site description as necessitated by the additional

explorations.4

2 - Soil boring logs which include information on ground water

levels at the time of drilling.

3 - Results of supplementary laboratory tests.

4 - Final foundation design criteria, including:
4

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) 1.ateral earth pressure against structure walls as a

function of depth. In developing these data, the

'' maximum probable flood has been assumed at elevation .

; 632 feet, and the top of plant fill has been assumed

at elevation 634 feet. For normal conditions, the ;

I !
ground water level has been escumed at elevation 625

|| ,.

! :

feet, the reservoir water surface elevation.

( I en ..e co==
|

i !
'
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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) 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 adjacent three build-

Ings to allow for possible differential settlement 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 ground water in excavations for the r. net:r

and turbine buildings.

c) Compaction requirements for the plert fill (1) %$aa: .

structures, and (11) adjacent to stemt.ures.

d) Minimum depths of footings in compan ,d soll for frost

,
protection or other reasons.

I
The results of our supplan ntary field ext % rations and laboratory i

'
! ,

' tests are presented in the Appendix to this report. i
,

'
!

!

|
'

(

.. j.
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DESIGN CONSIDERATIONS

Subsequent to the completion of the initial investigation, planned

foundation elevations of all the major structures have been modified and more

detailed structural design data has become available. A summary of pertinent

structural data is given below.

The reactor building foundations will be established at elevation

582.5. They will be structurally separated from the adjacent 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 uxiliary building plan dimensions will be 166 feet by 161 feet.

This building abuts both of the reactor buildings and the turbine building.
1

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 auxillary 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
l'

turbine-generators supported on met foundstions established at approximately |

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

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

i '

|
!

'

i

| .

!
:
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Foundation loads imposed by the various structures under normal

operating conditions and under seismic loading conditions are tabulated

below.

FOUNDATION LOADING. LBS./SO.FT,
FOUNDATION DEAD. LIVE AND
ELEVATION, DEAD AND LIVE SEISMIC LOAD

STRUCTURE M LOAD MAXIMUM MlNIMUM

Reactor Building 582.5 8,000 16,000 0

Auxiliary Building 562.0 6,500 13.000 0

580.0 5,000 10,000 0
,

610.0 3.500 7,000 0

Turbine Sullding 610.0 3,000 5,000 I,000

Turbine Generator Met
Foundations 602.0 4,500 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 elevation 634. Normal ground water level as in

the initial investigatlog, 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

Ip,lantareawillriseconcurrentlytoapproximatelyelevation625 The maxi- .

Imum probable flood level will renialn at elevation 632.
I ;

| ( '

t
i

,

'
;

I
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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 shte were further investigated by
r

drilling Il 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

I gray silty clay, underlying the surface sand deposit was confirmed by the
i

supplementary boring program,

t More detailed descriptions of the subsurface soil penetrated by the
e

rupplementary borings are presented on the Log of Borings in the Appendix to

jthis report.
;'

i i

1-

i !
!

'
.
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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
,

i 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. The 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.

l.ABORATORY 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 sumery of all laboratory strength tests, and moisture and density

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

plant area are presented on Plate 5, Summary of Test Data.
3

5

i
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OlSCUSSION 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 recomunendations regarding suitable foundation types

for various structures are considered applicable. These reconunendations are

summarized below,

it is reconenended that the reactor buildings and the lower portion

of the auxiliary building be supported on met 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.
i

Prior to the placement of fill, it is recommended that all topsoll, 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 d.ssign data and the additional subsur--

face data available at this time permit a final analysis of total and dif-,

i forential settlements. Foundation design data and the results of the settle-$

intent analysis are presented in subsequent sections of this report.
,

| Recomunendations regarding earthwork operations are presented in the ,

following section.
!

i i

e m mes st a mec o m e
,
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! EARTlWORK:

i
The supplementary investigation requires certain modifications in

;

! our initial recommendations regarding dowatering, excavating, filling and

i backfilling.

i Dewatering - The supplementary Investigation has indicated that more

f extensive dowatering operations will be required than originally anticipated

due to the greater amount of sandy surface soils encountered in the immediate
,

'
plant area.

1 Plant excavations will extend into sandy surface soll below the

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

the sandy surface soils in the vicinity of the plant structures ranges from

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

south western corner of the turbine building. The maximum depth of excavation

will be on the order of 40 feet, to elevation 562.0, for the auxiliary building.

Only minor water seepage is anticipated in the lower clay soils.

However, dowatering operations will be required in connection with excavations
;

into the upper sandy soils. The ground water level, presently assumed to be;

:
'

at approximately elevation 603, may vary during the construction period in

| response to rainfall, surface runoff conditions, and the water level in the
i

| adjacent Tittabawasse River.

| We understand that a seepage cutoff wall will be installed which

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

iexcavations. The location of the seepage cut off well is shown on Plate 2, ,
!# g

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

' .it is reconsnended that the ground water level inside the seepage cutoff wall
.

i

( t he lowered as required by a well-point or deep-well dowetering system.
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. After having been familiarized with the soil conditions, the

following schemes were proposed by the Griffin Wellpoint Corporation.

i 1 - 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 Wellpoint

Corporation and their sketch of proposed locations of

the opper and lower dowatering systems is attached to

the Appendix of this report.

2 - As an alternative to the above, particularly in areas

g' 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 Jeep wells should be designed and

operated such that the ground water level in the vicinity
,

of the plant excavations is maintained below the bottom
|

i i
I of the excavations. t

'

| |
'

'
t :

!
'

,

i
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The dowatering schemes outlined above are considered suitable, but
;

; appropriate field pumping tests should be performed prior to selecting a

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

the choice of the most suitable type of dowatering system (well-points ori

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

We would be pleased to provide guide specifications and technical supervision

during the performance of field pumping tests, if required.
.

The dewatering system should maintain the water level in the sandy

soils at least three to five feet below exposed excavated surface. Plazemeters

should be installed and monitored to insure that the water level in the sandy

soils is continuously maintained at the recommended level.

in peripheral areas where the sandy surface soils are shallow, and,

surface water is not intercepted by other means, it is recommended that a

peripheral drainage trench system be installed around the outside of excava-

tions. The perimeter drainage system should consist of trenches excavated
,

through the sandy surface soils and graded to drain away from the plant area.

The trenches should be backfilled with clean gravel or other pervious material,
,

inside the excavation it is recommended that ground water seepage be controlled
,

I
,

by a system of shallow peripheral trenches and sumps. Pumps will be required
!

! to remove water which accumulates in the trench-sump system.
; .

! i Excavatina - This section presents recommendations pertaining to
,

Iexcavating operations required to attain the modified planned grades and to i

f,preparesoilsforthesupportoffoundationsorfillmeterials.
The maximum depth of excavation will be on the order of 40 feet in

the vicinity of the auxiliary building.

> I
|

| !
;.

! A

i ! omanes e aseesee

,
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Providing stripping is carried out in the manner recomended 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-

i 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 sends 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, sof t or compressible clay soils, and

organic solls should be 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 very from one to five feet [
'

:

I with an average over the area of approximately three feet. The excavation

of these unsultable soils, and subsequent backfilling with controlled com-'

! ,

| pacted fill where required, is necessary in order to provide uniform founda- !

, 3 I: -

( 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 met foundations established 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~

I

l bottom outside edge of a foundation at an angle of 45 degrees with the
, .

| horizontal.,

!

l
'

emmene a mesome

i,

'

t
.. __ _ _ _
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Engineering studies have been performed to evaluate the stability

I of slopes constructed through the upper dowatered 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

i soll be cut on a slope of one vertical to one and one-half horizontal or
i

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 f**t. It is

anticipated that localized sloughing and spelling of the banks of excavations

will occur due to drying and shrinking of the banks and also due to the

presence of discontinuous tenses and pockets of silt in the clay soils.

Subarade Preparation - Following stripping and excavating it is'

,

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

supervision of a quellfled soils engineer. Where practical both foundation
,

and fill subgrades should be proof-rolled to compact the exposed surfaces and
i

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

f, the entire exposed subgrade with a 20-cubic yard capacity loaded motor
,

! I scraper. In deep excavations or limited access areas, smaller equipment
|;

| making more passes would be suitable for proof-rolling. I
,

{ | Zones of loose or soft soils delineated by proof-rolling should be f
compactedifpossibleorremovedandreplacedwithcontrolledcompactedfill,f

,

.

I |
i ;

l
i

I
'

...e
!

| t
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$ Upon attainment of final foundation grade in each area. It is ,

I

recommended that a working mat of lean concrete be poured. The installa- t
,

tion of a lean concrete " mud mat" or similar protection should minimize dis- '

= turbance of the subgrade soils due to water seepage and construction opera-

|
tions. The mud met will not provide protection against freezing and thawing |

i

I
'

of the subgrade soils.

The clay solls are susceptible to loss of strength due to frost

| action, disturbance and/or the presence of water. Iftheconstructionscheduly
I requires that foundation excavations be left open during the winter, it is*

I;

reconinended 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 soilse
j due to frost action.

Nd mats or similar means of protection should also be Installedi

|
; on the banks of excavations which lie within the building areas. The mud mat
t

| 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-

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 mentioned, on-site excavated soils, bet.h sands and,

*1ay sot 44 are considered suitable fill meterie'Is. Provided either soil

type is placed and compacted in accordance w!th the criteria recommended

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

SAesteS S SupOGett
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specify the selective use of one or other of these soli types for any of the

fills or backfills which will be required; however, as sands are more readily

compacted with small equipment such as hand operated vibratory equipment it is

reconenended that sand fill be used in areas of limited access.

All fill and backfill materials should be placed at or near the t

optimum moisture content in nearly horizontal lifts approximately six to eight

inches in loose thickness. Esch 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 durin5 periods of cold

weather, it is reconenended that all frozen soils be removed or recompacted

pr:or 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 reconsnended 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. Sanks 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 compacted

! fill soils be .onstructed on slopes of one vertical to four horizontal or
'

! flatter. Permanent slopes through cohesive compacted fill soils may be
'

s
constructed on slopes of one vertical to two horizontal.

( !

!

..
!

! i

1



_ _ . . - __ . - - .- ---- . - - __._ _ -

., .. . .

1

M

t
.

I
!
t

b

|

I,
i.,

'
Falling eseretlene should be perfereed the sentinuous teshal. .

.ei -i.ien .f . e.en tied i. ..ine. .e.o uid pe,f i oi-o |
I

density teste la the sensested fill te verify that all estarielt era plesed
,

and esseosted in aseerdense with the rese m erlterle,

a----
- ^ ^ * n in tanas tammt'f aa ta t taa A

LE C L2

m pancast en wnu senserve nacmv y enuna omsttv

s.oort of
Strustutee 85 100

{ Adjesent to
Strusturee 7$ H

Areet Fall (not
suseerting er 70 90
eejesent to

Structurce)
,t

e menis e and plaisnes donelty of send telle theuld be determined in
esterennee ulth A.S.T.M. Test Seeignellen 9*3MT,

se mestone dry density and eetlause esisture eentet should be deter.
eined in aseerdense with A.I.T.n. Test teeignetlen 96, melfled
to resulre 20.0p0 foot *pounde of e m eestive energy per emble feet
of tell..;

PMf fE tilla MTA

M . Foundellen doelp dote preseted la this section essess

that ladleiduel building erese allt be presored 14 the menner provisuely
'

resammended. It It our gelalen that the mjor plat structures any to

I , tellefesterile egeported en est feedetiene esteellehod et the presetly
'

; planned ele etlene. Slet terly, shelles oorsed feendeelene founded en een.
I trolled campested fill selle ulli provide tetlofestery suoport for the

h assurtenant strusteres. , ,
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not Foundet ant *'The ultleere hearing cepecity of the suseertingl
a

sells underlying each of the sejer structures hoe been re-evelueted tog

reflect modified feedstion elevations. The reemits of these snelysee are
N I

/etulated beler.
s

F0Las0Aff0N t t
Supp0RTING ATI stAalm tTV

E g L55./5G.FT.

'

Reactor tullding Very stiff to hard $$2.5 45.000
natural clay sells

AuntIIery sul1 ding very stiff se hard 552.0 50.000
natural clay sells $80.0 45,000'

Centrolled compos *ed 610.0 30,000
fill

furtine tullding Centrolled ceasected 610.0 30,000
Fill

Turtime= Generators Centrolled coopected 602.0 30,000
fill

The deem tahelation essasse that fill ullt be camposed of com

posted clay selles if cespected send fill is used the ultleste bearing

i cepecittee listed eteve allt be greetee thre the tabulated values. The

tabulated ultleste bearing press cree are press valuees thus the unight of

foundations should fu included in susputing the foundation leads. The'

' effects of everturden to elevation 6)4, and the effects of gesund meter et

elevetlen 62$ have bsen censidered in the bearing cosecIty emelysis,
i
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The follosing taeulation presents a sussnery of the factors of safety
*revised to reflect the audified loading conditions one ultimate bearing capa.

cities for the various units:
,

FACTOR OF SAFET"
2.AD . Li st

g DEAD als LIVE LOA 05 AND ,fismit to.45 o

Reactor Sulldings 5.6 2.8

Auxillary Building

# tievation 562.0 7.7 3.8

6 Elevation 580 9.0 h.5

8 tievetion 610 8.6 4.3

Turbine Building 10.0 6.0

Turtine-Generaters
, 6.7 3.3

shelten Served Foundettons

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 cas, acted fill meterials any be either clay

or sand soils.

ALLfadAALE tetT etAttMC pRttf unf t

(pounOS PER SQuAAf FOOT)
F0gNDA790|t V"JTet C1JY Sg!L1 1 Ass 50lLS

2 5.000 2.800
.

4 5.000 3.100
,

8 5.000 3.700
t

12 5.000 h.300,
,

The facter of safety and alle.atte increase for seismic leads are

!the same as provleuely recommended.
s

I
i

h
4
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e
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M * Settleent analysee are based on the results of consolida-
e

tion tests performed on undisturbed and recompacted soll samples. Consolidea

tion test data are presented in the Aspendia of this report. The consolide- j
itien tests performed in connection with the supplemental investigation confire
e

that the very stiff to herd clay sells have been preconsolidated under over.

turden pressures of at feest !$,000 to 20,000 pounds per sguare foot.

The settlement enaiyses consider the effects of lowering the ground

meter level, escewating, placement of areal fill, subsequent raising of ground

water level and the associated time considerations.

Met roundettons

The results of our settlement analyses for structures supported

on est foundations are tetulated belme

TIMA fiff * TtD 8tsfinuM
M4Xt ENT O t FFER ENT I A L 5ETTLInfMT

M M M . w* *
g.....

Reactor guildings I l} &={ *

AveIIIsry Sullding

# Elevetlen 562 i-I &.i

# tievation 580 )=1 &-}
# tievetion 610 It=2 &*i

Turbine guilding 1)=2 &=}
Turbine-Generator Mets li=2 &={

.

e

!
.

I

i

. emmeen aoesome
-

<

1

*
.
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It has been further estimated that the mesimum differential settle-

ment which will occur between adjacent structures allt be se follees: ,

!
t' Timito MR f e m

OlFF MNilA L (ETTL MENT 3

erwitN sfeuttuA :5

A04ACDit W.III M ;
Availlary p Elevation 562 and

# tievotion 580 1/2

Auaillery 9 Elevation $62 and
e Elevation 64J l

Auntliary a tievetion $80 and
Reactor I/2

Availlary p tievation 630 and
Aaeeter 3/4

Auaillary # tievetion 610 and
turbine Building I/2

Turtine Sulldlag and Turbine Met 1/2

The results of the dynamis settlement anelysis presented in the

Initial report are considered applicable to ttee revised plant design and

final location. Additlenel settlement under dynamic loading should not

esseed e w eter lach. The appropriate range of values for modulus of

elasticity for dyneelt settlement analysis is discussed in the Appendia to

i this report.
t

' Asevetenant structures a The total and differential settlements of
'

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

| surface settleemnt of the areal fill and (1) the settlement caused by the
!

j ladividual foundations imposing bearing pressures on the order of the allow =

) etle bearing pressures previously reca h .

?

I
e

,

. . e -.,
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*e
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helther tellding Ic. cations nor the ladividual colm leeds have

been made available to us at this time. Analysis shows that the areal fill 9

will undergo long term settlements on the order of l} to 2 Inches. It is

estimated that shelles spread foundations supporting a total design load of

up to 30.000 pounds and proport8ened utlllaing the bearing pressures presented
?

~

,

/ 31.
above will unoerge settlement on the order of one-half Inch or less,

if necessary, the long term total and differential settlement of

each appurtenant structure allt he analysed when the locations and structural

loads of these structures are knesn.
vidpF34

Time-tate of Settlement = lt is estimated that one.smied to one.nelf

of the seminun settlements tabulated previously will occur, es elastic

recosoression, essentially simultaneously with the lood application. The
.

remaining one-half to two-thirds of the ammismo settlements will occur la

accordance with the time.retes estimated from consolidation test data and

presented belou.

APees IpIATt
pearsarr M i m LippPg7,

AFTtA REconPftt1110N

20 2

50 10

90 $0

.

lettlement of conventionel spread foundatione, established on en

appreciable thickness of centrolled compacted granuler fllt will eccur essene

i tielly as the lead is applied to the foundesten.

4

.
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LATt44L pet 35uets

The walls of structures helme final pleet F ede. elevatier 63fe, e

f

will be subjected to herleental loads Imeesed by techfill meterials. !

ihydrostatic pressures, and the hertrontal cessenents of adjacent foundation

leeds. Escluding the horizontal ceWts of adjeCert foundellen leed3 It

is recommended that long tore lateral pressures egelnst rigid and ne*-rigid

walls be computed using the seulvelent fluid unit weights tetulated below:

10UlvALfwT rLuip

94Ca#tLL STE9 tAL Umet wt # G*T ILA5./Cuyt )
AD MCENT 70 iTEuCTURE Aeout dTER L1Vf L sf LOW MATER L:1EL

40N-elCID WLLS:
Sand Sells 60 Ao
Clay sells $4 90

1
' plCID W LLS

Sand Sells 60 100
Clay Sells 80 llc

Lateral pressures developed adjacent to rigid = ells Ismeediately

felleeing placement and compaction of teckfill meterials may exceed the

long teve pressures in the portion of the well near the ground surf ace.

Therefore, we recommand that rlgle walls be doelgned for the seulvelant

fluid unit weights presented ecove er a uniferely distributed pressure

of 600 pounds per severe foot, whichever is greater et any perticular depth,

t
The etove recommended egulvelent fluid pressures assume Deckfill

*s

j sells will be placed le e carefully controlled menner. The stiff to hard

on-site eley sells should not be pieced as layers of chunky sell which

*reevire encessive compactive effort to etteln a : . _ a compacted fill.,

Such a prosedure would lacrease the seulwelent fluid pressure en the order
-- i

1-
of $0 percent. The use of clay beckfill la any erees of limited access Is

' I
not recemumended,

s
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Substructure mells which are established telen adjacent foundations

should else be designed to resist the heelsental ts of adjacent
e

foundation loses. For preliminary enelysis of lateral foundation pressures

we suggest the method of emelysis presented in Spengler and Mickle'se paper i

f"Laterol Pressures on Retaining Wells Oue to tackfill Surface Leeds.** For
a

final snelysis, af ter the final errengement of f acilities, type of backflit,

and final leading conditlens are kneun, it is suggested that herleental

commenents of foundellen leads acting en adjacent malls be evolueted by

finite element enelysis.

UpttrT eetstunts

Uplift leads will be resisted by the deed weight of the structures,

the weight of the backf tll meterials, directly everlying the foundettens, if

any, and the frictlenal resistance between the structure and the adjacent

-| Deckfill meterials. The unit usight of the backfill meterials may be taken

as 110 pounds per cubic feet ebeve the essmed ground meter level, and 60

pounds per cuale feet belos the assumed ground meter level. The frictlanel

resistence may be computed by assuming a coefficient of lateret earth pressure

eeuel to 0.35 and a coefficient of friction between sell and concrete of 0.35

These values esely to beckfill sells compeeed of clean send and

perteln to ultimate frictional resistence te velif t. An sopropriate fester

of safety on the order of 1.5 for normel emerating conditlens and I.2 for

aanlaus preceble fleed conditlens should be spelled to the ultleete values.
4

e leengler, M.S. and Jack L. Mickle. "Lateret pressures on Aetaining Wells
Des to techfill Surface Leeds." Proceedinge of the Internetlenel Conference
en Soll Mechanics and Foundation Engineering. Vol. 3. P.155,1936,

a

.
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If clay backfill sells are used, the ultleste frictional resistance

to uplift any be computed in a sionier menner, emceet that the coefficient of
a

frictlen bettese sell and centrote should be reduced to 0.2f. |
Floor siete estaellshed below the design floor level should be

,

deslysed for full hydreetatic pressure er should be provided ulth eeeguete
s<

, drainage facilities.

--eco-=

The felleming Plates and Appendia are atteched and casolete this

report:

Site Plan (Revised Reservelt and Power Plant Arees)Plate 2 *

Plot Plan (Pomer Plant Area, Revised)Plate ) *

Generalised Sutterface $eetion 8=4 (Revised)Plate 44 *

temmisry of Test Date (Revised)Plate $' =

Fleid Emplorations and Lahoretory TestsAppoidis =

Acepectfully sueeltted.

0 Ants 6 nonAt

George O. Leel
Regletered Pre 8essional Engineer
5 tate of nichigan

) Certificate No. 17303
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samme stent Aree * The suteurfose sendittene et the site of the
'

proposed musteer power plant were further Investleeted by dellling 11

eeditlanel fourelach diameter emploration test toringe to doethe ranging from

esprealmstely 40 feet to 80 feet teles the solsting ground surfose utillsing

trwk-asunted retary wash end rotary eager type dellling egulemmet. Emetere*

tien teet horinge 730 and 731 were dellied as part of a prevleue lavestige=

tien. la sedillen to the emplorellen test torings.14 press helee were

dellied to doethe renging free eepremimetely 10 feet to b$ feet below the

esisting ground surface utillsing truth suunted retary euger type dellling

eeulement.

The drilling operetles were supervised by our field engineers une

meintained toge of the torings, eeteined undisterted semples of the verleve

sell strete penetrated utilising Demos 6 Muere tell tesoters ead supervised

the performente of Standeed Penetretion fests. Greshlcal representatione of

the selle penettsted by the terings and prete holes ere sheen en Pletoe

halt threegh A*lu, Leg of torings. The mothed utill ed la eteesifying the

selle is defined on Plate A*2, Unified Sell Class 8fleetlen System.

$41sturood temples of the sells penetreted by the espiereglen'

test berings were eeteined in Demme & Moore loll lemolers of the type'

i n-t,ete. en ,lete ..>. .e n sie, r,,e 0. the % . .se,e ii

semplers were delven sporenlastely le lachee late the sell with a hemmer

weighing espremiantely )40 pounde felling eserealmstely 24 lathee. The

-

,

9440. 8 GAGGGS.

!
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Stenderd Penetretten fests were performed utilising a sollt semen templer
o

ming o.tside dia.ote, of t i hee an. en i i.e .ie.ste, of one en. r
three*eighthe of . lash. The split speen templer use delven 18 lachee

'

l

late the ground with a hemmer . weighing IMI pounes falling 30 Inchee. The ;

'

na m e of tie.e required to drive the semes a Meere sell semolers ead the

split seeen segeler for the tesond and third sla lashes of penetration are

recorded en the Leg of Ostings,

the tering fosettens and the elevations of the ground surfose were

provided te ve my a svevey eroe from the fles of nunter, whittler sad Selberg

leseted in Midland, Mightgen. The ground surfHe elevetten 16 shown Seeve

the leg of eesh toring. These elevettens refer to the U.S.S.8. Detum.

LAtollAfgav ttsts:
,

Strensth tests * Olrest sheer, uneenfined semerossten end trieslal

tesoroesien tests more performed on selected unditterbed semelee to evelvete

the strength theresteristles of the verleve solle penettsted by the terings.

The direst sheer toets were performed in the menner described on

Plate A-4, Metled of Performing girost Sheer and Frictlen fests. Imeenfined

teoreesten and trieslal essoression tests were perfereed in the menner

described en Plate A*$, Mothede of Performing Untenfined and frieelel

Comoression futs. $ trees.strein surves were pletted for each static

strength t Mt. For the direst sheer totte, the sheer strength le yleid point

.iren ,ih ., ihe silen,th at . defi. ii.m .f one.ienih .f i h .hi.hev .

, ..,. fi,si. ,e , ihe oneenfined . . ,eesi.n and iri - i.i .e.e,e .i.n teeis,

'! sheering strengths were thesen H suming that the engle of laternel felttlen
.

of the seheelve sells use egual to sere. The sheer strengthe presented ere

esih.c paen str.,ihe w th. .tr.,the et en solel definisen of t. p.r t
.

,
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of the semple helgnt, whichever Meurred first. Deterelnetlen of the selsture
,

tentent end dry dentlty were snee In tenjunttlen with eeth Strength test. The |

results Of the Strength t M ts, together alth the estesloted meltture*dentity

dete,minatione ere pree.ted to the lef t of the tag Of serin,e in the menner
9

described by the Rey to Tu t bete stama en Plate A*2.

Centelldoffen TH tt * Centelldellen teelt were perferued on roere*

Sentetl.e undleturoed templ H end e resolded Semele of the Bellt penetreted by

the betings te prevlee additlenal date for estleeting settlements of fill end

foundeslent. The e m ults of the cepeelleetlen tests are presented on

Plates A*?F thegugh A*7H, Conselldeslen fut Dete.

nelsture-tentiry Tette e nelsture-density tests were performed In

conjunstlen with eash strength and senselldellen test. Additlenel selsture

and/or density tMtt were perfereed en selMted souplet for correletlen

purgettee the result 9 ef the eWitture end/or density (Hts are presented te
i

the left of the Leg of Seringt In the menner described by the Rey to TH4

Sete themn en Plate A 1,

trein flAe Olstributlen + A deterelnetlen of the greln sise dis-
)

tributlen of $43Mied SGIWite Of Sandy sellt entrMted free herings met

mode to fasilltete elH elfisetlen of thete celle. The results of the

mothenl448 emelysee perfereed te determine the greln else distributlen are

Pretented en Piete A*ll $reln $$3e Anelysee,

p
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A=4

0v4M C petWLUS OF 11ASTtCtty,
9 e

A revi.ed ,iveti .f ene,e ,,i.t. venu. .f d is uiu. .f y
,

ei-ticit, m f., ii.e verv .iiff i. i.ord ei., .eii. unseriv , ti.e ite i.e

es fellenes
'

1

(AAP'"'"* Wes anafloft t 9 10 Ptt? ORPfM
AT ELAF4CE LBl./lG_FT.

0.0$g 30 I 100
0

0.103 12 I, 10

0.20g IT I 800 t

Polesen's netle soy be eenumed eeuel to 0.b. The essee soeulve of

eteelletty values are esprealante and it is resammended thet they be verted

by plus er minue $4 percent la emelysee to evelvete tf.elt influence. It is

enticipated thet sell demping will be in the tengo of five to ten percent.
1

i

l The stove velues are derived from the date of teries and Seed
I

; puellehed in the Secommer 1964 issue of the sulletin of the leisselegical
.

seeiety of ameries.
; ,
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The felleslag Plates are etteshed and samolete thle Appendla:

Leg of Serings (Boeing 7)Piete A=tB +

Leg of Berings (tering 8)Piete Aalt =

Leg of Gorings (sering 9)Pfete Aalp .

'
Plate Aal6 * Leg of torings (sering 10)

Leg of torings (Ber k g II)Plate Aeln *

Lag of seeings (serine !!)Plate Aell +

Leg of Serings (terIng 13)Plate A=lJ =

Leg of Serings (tering 14)Piete A.IE .

Leg of terings (tering Bl)Pfete A.IL .

Log of torings (sering 16)Plate AalM =

Leg of torings (sering 17)Plate A*le .

Leg of Serings (taring 14)Plate A*10 +

Log of torings (toring 730)Plate A*lP =

LJg of ter19gs (sering 731)Plate A=lt .

Log of Prese tarings (Prese terings Pl. Pt P).Plate Aalt -

P4, PS, P6)

Leg of Proie Gerlags (Prese seeings P7, PG, Pg,Piste Aall *

#10. Pil)

Leg of Prese Serings (Prese tarings Pit, PI),Plate Aelf e

Pib, Pl$. Pf6, Plf)

Leg of Prese seeings (Prese serings PIO, Pig,Plate Aelv e

P30, Pit,P12)
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tasified tell Claselficetlen SystenPiete A*2 *

*Plate A*) Soll $empler Type U*

I
Piete A=4 * Method of Perferel' *est Sheer and ;

g4

Friction feste '#

i

Mothed of Perfereing tpcentined Carpression ePiete A*$ *

e4 Triental Campreselen feste

Plate A4 #enthed of performing Ceneelldetion feste*

4

Conselleetlen feet SetePiete A*7F *

! Plate A*FG Coneelleetlen feet Sete*

Cassellection feet $stee Pfete A*FM *

i Plate Aall Crela $1se Anal ees* t

' PLATE Aall Cerroependence from Griffin m ilpelat Corporation

Plate Aall Shetch of Presseed Lesetlene of Upper and Lemer*

Demetering Systees
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METHOD OF PERFORMING DIRECT SHEAR AND FRICTION TESTS

DIRECT SHEAR TESTS ARE PERFORMED TO DETERMINE

THE SHEARING STRENGTHS OF SO!!.S. FRICTION TESTS |,
-

y ARE PERFORMED TO DETERMINE THE FRICTIONAL RE- ,

1[.o
1%.SISTANCES BETTEEN SO!!.S AND VARIOUS OTHER MATE- J[ --. ,

5 RIALS SUCH AS T , STEEL, OR CONCRETE. THE TESTS

E ARE PERFORMED IN THE LABCRATORY TO SIMULATE {K.g1J-g, .n.
ANTICIPATED FIELD CONDIT10NS. eEe

.

EACH SAMPLE IS TESTED TITHIN THREE BRASS RINGS.

T70 AND ONE-HALF INCHES IN DIAMETER AND ONE INCH
D P

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 0F 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 OUTER RINGS IS PREVENTED.w

THE SHEARING FAILURE MAY BE ACCOMPLISHED BY APPLYING TO THE CENTER RING EITHER A

; CONSTANT RATE OF LOAD. A CONSTANT RATE OF DEFLECTION, OR INCREMENTS OF LOAD OR DF-
!

FLECTION. IN EAOI CASE, THE SHEARING LOAD AND THE DEFLECTIONS IN BOTH THE AXIAL AND,

i
j TRANSVERSE DIRECTIONS ARE RECORDED AND PLOTTED. THE SHEARING STRENGTH OF THE SOIL

w
! i $ IS DETERMINED FROM THE RESULTING LOAD-DEFLECTION CURVES.
| i e

!
! $ FRICTION TESTS

IN ORDER TO DETERMINE THE FRICTIONAL RESISTANCE BETTEEN SOIL AND THE SURFACESOF VARIOUSsO
l

( MATERIALS, THE CENTER RING OF SOIL IN THE DIRECT SHEAR TEST IS REPLACED BY A DISK OF THE

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

SHEAR TEST BY FORCING THE DISK OF MATERIAL FROM THE SOIL SURFACES.
! l

|
|

MSM
wouse amme screacts

,
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METHODS OF PERFORMING UNCONFINED COMPRESSION AND TRIAX1AL COMPRESSION TESTS

THE SHEARING STRENGTHS OF SOILS ARE DETERMINED P g
FROM THE RESULTS OF UNCONFINED COMPRESSION AND |
TRIAXIAL CDMPRESSION TESTS. IN TRIAXIAL COMPRES- +

SION TESTS THE TEST METHOD AND THE MAGNITUDE OF '|Q|
'
|"

THE CONFINING PRESSURE ARE CHOSEN TO SIMULATE :
,

W ANTICIPATED FIELD CONDITIONS. |
'

O UNCONFINED COMPRESSION AND TRIAXIAL COMPRESSION
ITESTS ARE PERFORMED ON UNDISTURBED OR REMOLDED g,

SAMPLES OF SOIL APPROXIMATELY SIX INCHES IN LENGTH l 1

g
AND TTO AND ONE4tALF INCHES IN DIAMETER. THE TESTS

,

E ARE RUN EITHER STRAIN-CONTROLLED OR STRESS- O-
[

{
'

$3 CONTROLLED. IN A STRAIN-CONTROLLED TEST THE s
I h !~h*ac e SAMPLE IS SUBJECTED TO A CONSTANT RATE OF DEFLEC-

4 k 'E
TION AND THE RESULTING STRESSES ARE RECORDED. IN

9A STRESS-CONTROLLED TEST T14E SAMPLE IS SUBJECTED
TO EQUAL INCREMENTS OF LOAD TITH EACH INCREMENT |
BEING MAINTAINED UNTIL AN EQUILIBRIUM CONDITION ..

TITH RESPECT TO STRAIN IS ACHIEVED.

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

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

UNCONFINED COMPRESSION TESTS CAN BE PERFORMED ONLY ON SAMPLES TITH SUFFICENT COHE-
SION SO THAT THE SOIL TILL STAND AS AN UNSUPPORTED CYLINDER. TilESE TESTS MAY BE RUN AT
NATURAL MOIST 1|RE CONTENT OR ON ARTIFICALLY 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
SPECAL TESTS IT MAY BE VARIED IN RELATION TO THE MEASURED STRESSES. TRIAX1AL COMPRES-
SION TESTS MAY BE RUN ON SOILS AT FIELD MOISTURE CONTENT OR ON ARTIFICALLY SATURATED
SAMPLES. THE TESTS ARE PERFORMEDIN ONE OF THE FOLLOTING t AYS:

UNCONSOLIDATED-UNDRAINED: THE CONFINING PRESSURE IS IMPOSED ON THE SAMPLE
3 AT 'INE START OF THE TEST. NO DRAINAGE IS PERMITTED AND THE STRESSES UlICH
g ARE MEASURED REPRESENT THE SUM OF THE INTERGRANULAF. STRESSES AND PORE

TATER PRESSURES.

CONSOUDATEfWNDRAINED: THE SAMPLE IS ALLOYED TO CONSOLIDATE FULLY UNDER
THE APPLIED CONFINING PRESSURE PRIOR TO T'iE START OF THE TEST. THE VOLUME
CHANGE IS DETERMINED BY MEASURING THE TATER AND/OR A!R EXPELLED DURING
CONSOLIDATION. NO DRAINAGE IS PERMITTED DURING THE TEST AND THE STRESSES
THICH ARE MEASURED ARE THE SAME AS FOR THE UNCONSOLIDATED-UNDRAINED TEST.

DR AINED: THE INTERGRANULAR STRESSES IN A SAMPLE MAY BE MEASURED BY PER.
N FORMING A DRA!hED, OR SLOT, TEST. IN THIS TEST THE SAMPLE IS FULLY SATURATED

$ AND CONSOLIDATED PRIOR TO THE START OF THE TEST. DURING THE TEST, DRAINAGE
1

IS PERMITTED AND THE TEST IS PERFORMED AT A SLOT ENOUGH RATE TO PREVENT 1

! THE BUILDUP OF PORE TATER PRESSURES. THE RESULTING STRESSES THICH ARE MEAS- I

a URED REPRESENT ONLY THE INTERGRANULAR STRESSES. THESE TESTS ARE USUALLY ),

PERFORMED ON SAMPLES OF GENERALLY NON COHESIVE SOILS. ALTHOUGH THE TEST 1

PROCEDURE IS APPLICABLE TO COHESIVE SOILS IF A SUFFICENTLY SLOT TEST RATEe ,

g IS USED. j
u i

yy AN ALTERNATE MEANS OF OBTAINING THE DATA RESULTING FROM THE DRAINED TEST IS TO PER-
eu FORM AN UNDRAINED TEST IN THICH SPECAL EQUIPMENT IS USED TO MEASURE THE PORE TATER

PRESSURES. THE DIFFERENCES BETTEEN THE TOTAL STRESSES AND THE PORE TATER PRESSURES
MEASURED ARE THE INTERGRANULAR STRESSES.g

| === e .

|
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METHOD OF PERFORMING CONSOLIDATION TESTS

CONSOLIDAUCN TESTS ARE PERFORMED TO EVALUATE THE VOLUME CHANGES OF SOILS SUBJECTED

U
$ 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
5

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

wn
TESTED SOIIS UNDER APPLIED LOADS.

EACH SAMPLE IS TESTED WITHIN BRASS RINGS TTO AND ONE-
\

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

O~
TURBED SAMPLES OF IN-PLACE SOILS- ARE TESTED IN RINGS g }
TAKEN FROM THE SAMPLING DEVICE IN THICH THE SAMPLES O
TERE OBTAINED. LOOSE SAMPLES OF SOILS TO BE USED IN .Q .

CONSTRUCTING EARTH FILLS ARE COMPACTED IN RINGS TO q

PREDETERMINED CONDITIONS AND TESTED. ,g f

'
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 ALLOT
i
i DRAINAGE OF THE LOADED SAMPLE. V{E AXIAL COMPRESSION OR EXPANSION OF THE SAMPLE IS
i

| MEASURED BY A MIGOMETER DIAL INDICATOR AT APPROPRIATE TIME INTERVALS AFTER EACH
i W

I LOAD INCREMENT IS APPLIED. EACH LOAD IS ORDINARILY TTICE THE PRECEDING LOAD. THE IN.

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

#
e CONDITIONS FOR THICH THE TEST IS BEING PERFORMED. EACH LOAD INCREMENT IS ALLOTED TO
U
u ACT OVER AN INTERVAL OF VME DEPENDENT ON THE TYPE AND EXTENT OF THE SOIL IN THE>I.u

FIELD.
.
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c.<caoo.i g ,i ,,
- - -

****c' c'.2%
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 wellpoint system. (See attached
sketch).
Although the soil samples visually appear to be a fine sharp and clear sand,
the grain size analysis, and previous wellpoint dewatering in this area, in-
dicates that the 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
ome 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.i

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.

Very truly yours,
'

GRIFFIN WELLPOINT CORPORATION
(Indiana)

(
H. Hockbe er

Vice President
Enclosure: Sketch of 2-stage wellpoint location

PLATE A-12
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I as hiru iniruveng:22=. I ::s vits Jensu=ers icver Company as a citaff F.ngineer
i

t

in the Fr:Je : Engineering Services ::epart:r.ent.

?.0 ?c-* ? " ? " r'-

I vill be describint Ine re=edial measureiin process or planned fer the

firs- #17e ite=s en the agends under .u ticle 3.(Slide 3.1.1). Carely,- -

<

DG7, A , tank far=, diesel cil storage tanks and underground facilities.

The:e remedi21 :::surcs a. e dis:ussed in crest detail in Our responses

to 50 5k(f) questions and 50.5.He) submittals. '"herefore, I vill
.

be tresenting crly a brief cutline of_the remedial work.

3.1 Diesel Generster Ouildine (911de 3.1.2)

Se diesel reneratcr building is a box-shaped structure. Its main
.

;=;cse is to provide a housing for the four e..argen:y diesel generr. tors.
..

Se strue: ural vslls are very rigid. The building is supported on

strip f ctings. The building and the generntor pedestal are founded
. . . ,
-

.

-

c approximately 30 feet of fill. In sum =er of last year, settlements

= ore thsn anticipated values vere observed. A detailed scil intestigstion

was condu::ed. The backfill was foun.1 to consist of soft to very stiff
'

city with pockets an1 layers of very loose to dense sand backfill. The

conclusten of the investigstien vss thal the fill was not adequstely'

ec pseted. Based upon the recc =endation of our soil, consultants,

Professors Peck and Hendron, the remedisi =es:ure chosen van to preic2d
#

the existing tachfill by la'fers of sand sur:h rre.
t

' (Slice 3.1.3) - This slide chevs in ple.n the entent of sand surcharge.
..

The su-charge was grrius117 applied in steps. To date, the bachfill

under the di..::1 builiing ir cub.?ected to 20 ft t thi:h of can1.

cur:L:r e. '"ti: clide (flido 3.1.h) 1h:v: n crc .: sa:tice of the
.
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buillin- an1 the .=urchor-*. The surchsr e vill produce = tresses in the

.111 6. ukr C. L a. ::. fill ve 11 ny..>i :. : V.u: th: Otruc.ur:

vill re.2in n:11 excess pore prec:ures1: :;tretientl. O.is :ur:1.r;:
~

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

s._all e. 1 : *. pr li: :1 ::::::.stively 17 : tr ;:latics.

The trelesi cc ::lidates 3 ft aress of cisy fill; however, vill not
,

punifiesntly in;-eve the quality of loose sands. The totential of

liquefaction of these sands and c.eriti devatoring of the pla:t site as

a re=edial sessure for this problem vill be presented later in detail.

311de 3.1.5) - This sille sh va plan asi cr:34-sectic 21 elevation of

: typi: .1 die:el :sserst:r ;sisstal. ""cis is a reinforced ec: rete

st ::t;.re havin; =1:i=== :::; es:ive stren;th ef Lf00 ;21. The fill

beneath the pedestals have also consolidated .resulting in differential

settlement. Differential settlement of the pedestals vill have no effect
IN-

on ali.::ent of the eegine and, generater because they are both mounted

c: the sa=2 foundatics. T1.rther=:re, because of the enor=ous stiffness
;4

cf the ;edestal, no significant varying is e=pected and the top of;

the 7edestal vill generslly lie within ::e plane. The diesel generator
,

vill be se in a level position irrespective of the c. mount of differential

| se:tle=, tat between th~e cerners of the pedestal. It vill be achieved'

either by a suitable layer of grout on the pedestal or by chippin6 aa

few inches of :p cenerete sud refinishing it to the required level.

.

'*he .n:Mr* i:W f h:e cenntder:ble telersnee licits fer tilt and roll.
.

m.tfr9. Tabina.?, .Sc re.raf:eturer of tS*. die:al .~enerater, stated that

.

E.___
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. ,v A O. m cyd b't c f. b 4 C"Y h 'l Cl Y C'"M." ^ ' -I1 , f hv. A t -d *
,

-
.

'

j a5 co.bined bsek.mrd ti'- aad -a" ~4 ' ot effect the perfor .nnee of Th va 5%
/N ,

,

h e.i

the generat.,orp. iurcimenavre, aurligoperacion of sne plant, if further==;

,
'

differenti:1 settic ent exacas to exceel this telcrance. the 2nufacturer

| states the.t the rener? tors esn be shi==.e4 back te level position.
i

j "he.efore,in susuarising ,fo. the M ! the rer.edial work of preload is
.

in progress and devaterin. of site is being planned for impler.entation

scon. No further renedial work on the pedests2. than that mentioned

2 kefore is anticipsted.

i

3.2 Se-vice Water Pre Stmeture ;
'

(Slide 3.1.1) - The service water purp structure is located in the
,

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

slide shavs a plan view of the structure. ihe cooling pond is on the
j

'
southern side. !?.sjor p rtics of the structure is fcunded en astursi soi'.

I material except for the northern scrtion which is founded on fill.

(Slide 3.2.2) - This slide shows a cross-section.i
c
view of the structure.

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

the main ,tailding, is founded on backfill etterial. As a follow-up to, ,

!

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

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

i i

of soft to very stiff cisy and loose to very dense sand. The conclusion!
,

,'
,

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

j structure were not sufficiently compacted.

'

!
I
'

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

The reason for this is that the existing dead 1 cads frost this portion are

i

bein supperted by the re:t of the etructure thrcuch esntilever action..

*
.

1

-. . . - |
'

i
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The ren:iini ::::ure chosen vas to cunnert the north vall on piles

, , ,. . . . . .. . . .. . . . . .... .... .

. . . . . .a.- .
. . - , ,, ..

.

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

e.nec iec.: Au:ter. vit : minir.11 in;;:* cn :ha tenedule.

(93"? 3.S ?.i N.it 2iit :h:~; i: 71:: th: Iny: t f ;il::. A tct.1

13

of 16 piles is ;1sanei at thj time. The piles vill have a capacity of

100 tens anc are desiened as be: ring piles to car y only vertical

load. The piles vill be pipe piles filled with concrete. " hey vill

be preiril* e1 thrcu-h the fill ar.i driven into the glacial till. The

lenc.h of pilea is e.ge:ted to be 50 feet.

'? life 3.2.M ~~ 1: :lile sh: : th ::th:1 :f t :::ferrisc rr.rti:11
lesd "res the vs11 to the piles by a cy:';en of reinfer:ei c::: rate '

eertels.

(Slide 3.2 5) - The concrete cortels vill be anchervi to the vall by a

syste= of an: hor bolts. The pipe piles in turr. vould be jacked against

the corbels te effect the trar.sfer of lost.

A test pils vill te load tested to determine its capacity.

3.3 T:n% 7:n

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

i B*=~oTs , a u+.111ty tank and a prima:/ storata tank. Of these, only M'STs are

safety related. The %'2" has a capacity of 500,000 gallons, 52 feet in

dianster and 32 feet in height.
P

.

(Sliie 2.1.2) - The t*.G. is surpe-ted on a chert eonerete rf t- < i-ier

t"'*Ai':; *.a a J rip T4 atir.g. The te by itacle' is cult.e flexible.
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Aijcinin: the rin.; .-irler ter each tent there is n s-211 box-shaped'

4

1

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

....w......,. . . . . . . , . . . . ... . . . . ..,.,.....,...,6.... ,
. . - .... .

,

f. Tre.:ent, c.r.str.uti; of Pla - p r. s.. A vnve ;i .s are cer.;'. eta

i
; and installation of piping is in progress. As a fo*1cv-up to .o

th: inve:ti,--tier ;# *11 C? *** I *trm tures founded as till. several

beri , s and test ;it exs:1:sti:== vere d: e in the t .h fsm sres.
<

, t The results of the investigation incicate test toe taut.s are supported :
1

on =ediu= to very sti.f clay tackfi1*, with c::::i== 1 ceilt: te ver/-

desne sani la; ers. Tas canditi:= sr the fill is s.t.its.ble f:r the su;; ort
1

of the tanks. To ec fim this, the tseks vill be cons ructed and filled

with va ,er in crier :: ::.ke a f.f1-a:sle test of the f:vnis-1:n soil,

f

i

! The (Slide 3.3.31 z'.iie stevv the leycut of b:rsted va.ter lines entering

the t::h thr ugh the il- ? Tit. "?* ;i;ir.; connections are being =sde
i

2 to allow start-up, flusning, filling and testing of the ta=%. Selected

points on the piping betwee.13"ST ard the auxility building vill be
i

' =enitored fer settleent duri=; construction phase. Any differential'
,

f 0

d

I settlement ehee-was censured vill ha are.lyzed in accoriance with

I
; established precedures.
i

'

s

In s.c:r.ary, the tackfill :.sterial c= vhich the 3*..'STs are focaded is
;

satisfactory and will be confined by a lesd test. Scrated vster lines;

4
vill be monitorei and sv. lusted for sny differential settleents.

Therefore s receli:1 actie: is saticia;ted for these structures.

,

3.k ' Mosel 011 Ster: e ' : hs_ .

(5111? 3.1.1) - Se e il sterr e te=':s are 1,u:stel zoutheast of the
. ,.
. .y.,
* b. . . 7t eral , enerster M.!'..t".. . "here tre !. tanhs , e teh 17 feet in din-o*.ar. .

..r
ed =. O ' feea la W:1. .

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

. >

I * a.9. "'he tarA is rNa4 at +h*** Miets a.vehm ad to concrete

;ed. :tal.a. The tsnha are tunici :n t:.0% fill and results of borin-

;rc,;r u ir. dica er. tha tha ' 1 ara sup;c. ;n on : adit.: to stiff

sandy clay backfin. Qis soil condition is adequate to support the tanks.
J

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

i
4 it replaced. Ir. orler to verif;r ti t the fill is satisfr.: tory, these i

!

tanks have been fined with water and settisments are being monitored.
,

I It has been three months since the tanks have been tilled with watea
4

5 and no appreciable settlenents have been noted yet. Therefore, the
i

backfill is adequate and no re=edial measures are anticiapted.

[ 3.5 Under m i Faei?tties .

!

I The underground facilities that win be discussed are Seismic Catego 7 I
i

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

safety-related piping, namely Service Water Lines, from the suziliary

building to the service water structure and diesel generator building'

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

i building to SWST and diesel oil lines from the diesel oil storage
1
; tanks to the diesel generator building. Electrical duct banks are

i
i

1

I also shown in this slide.
;

3

|

1 i

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

piping was selected and profiled by a Nold /ctducer Profile Settlement,
.

Gauge. This (Slide 3 51) slide shows for inustrative purposes a

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

;

rennalyzed taking into account the asasured differential settlement ,

,

| in ac:ordance with the provisions of current codes. The analyses
4

. . . . . . . . . . . - . . - . . . . . ._ .. _ . , .

-- - . - . . - , _-, _- _ . _ -
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1
.

sh:.ted that t.:e c:'fe:: cf differential settle:ent c: the stresses vere.

-4.-4. 1 .o .-w s,.1-. .w. ;3 1 e .**-...y*3 * e--- , t q . ,t+.g,

11 . u. .; ; .. tl 1;.10 .- - .: . .:., e:.r.17 1.: * 's.:1. h: c ver u la~er,if requirei.3 .

,

, I.A .r.a:.=ar.'. . the ci:.u are very ductile and calculations show that
.

effects of differential settlement *:: der er.e se far have =1:121 effe:t-
c

at.ca -.. T r.rcore o rececial work is anticipated with regards

to buried pipir. .

** *
7 2'e:'-i si : ' ~- hs,

The da:t banks r.re reinfer:ed ::::::ta eless :: c::1: sing p'IC ar.d rigid

steel c :1;ita ti;s ;. tidi::q v:ilifor ths :stles. Isr'.icr yr 7:= C :ks
a,<,-

dt'e'ited the ;;' *i=..11* cheeks thst sre;- f:r ed Y ;? et - rettit.

thr:urh all the voids. This pre rs= estatlishes the fset that to date,

the duct banks are intact. Further:=. ore the fu:t banks are reinforced
pe w aus

with n :issi a=:::: of steel therefore, posses considerable aucunt of

ductility in bending.

(Slide 3 5.2) - A pre 11=inary calculation indi:ated that a t;;1 cal duct
W.*

bash of 100 feet in le:;th ess undergo a esximu= of A"get central. ;
, ,

deflection in purreendi c at ulti: sate load.i

;

i
f

[ In su=cary, the intecrity of tr.e dc t bank is estnblished by passing a.

: t.ht %'

#

r.btit thrcu;h during :::structica,sud t'.2 da t t.Lt.k by itself is ductile
.

and can absorb considerable amount of differentisl tettlement

without signiti = etresses. Therefore, ne rer.edist measures are

=ti:1 .t:1 f:" 4 :t tuk:.
.

1

m

umm_. - -
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Specification 7220-C-88(Q), Rev 2

!1. SCOTE-

A. GENERAL

1) The work to be performed under this subcontract shall I

consist of designing a dewatering system capable of |
lowering the groundwater to a minimum elevation of i

'580 feet with the pond at el 627't. The lowering of
the groundwater will allow others to excavate,

~

portions <>f the auxiliary building and feedwater
isolation valve pit in a dry condition. This
specification includes Q-Aisted work to be performed

,

exclusively 1,y Contractor as noted in Article 7.

3. ITEMS INCLUDED

1) Design, furnish, install, maintain, operate, and
* remove dewatering system as indicated in the design4

j drawings.

2) Frovide and maintain standby equipment and power of,

sufficient capacity to perform the intended work.
'

,
,

! 3) Install, maintain, and observe observation wells
and/or piesometers and test pits for logging thei

water table elevations at the locations as required
and approved by contractor.

; 4) Dispose of the groundwater to the cooling pond by
installing a piping system from the dewatering system

i indicated in the drawings to the site storm drain A' system, i
J

! 5) Frovide protection of the dewatering system in areas
! designated as construction access as shown in the
| drawings.

,

6) Grout placement for all dewatering holes and wells !

upon completion of the subgrade dewatering.
l

,

i

[ 7) Install 1/4-inch pefcocks, bushing, and nipples ati

| each dowatering well for obtaining samples of the
4

, , return water.
!

'{8) Frovide all reducers, couplings, piping etc necessary
; to adapt contractor's flow meters to discharge line,

fire hydrant, and recirculation line.1 .

I
'

C. RELATED ITEMS NOT !NCLUDED
,

1) Access roads to the area

| 2) Inspecting the water being pumped to determine the
amount of fines being removed. In this .-

specification, fines are defined as any nonorganic 6\
materials coarser than 0.005 millimeter.

I

1

'

.
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.. ;

3) Concrete grout for sealing holes and wells
9

!
4) Excavation required (trenching) to provide the areas

for installing the dewatering systems

5) Location of all utilities, esbedded plant facilities,
and other subsurface structures at tw location of i

the dewatering system

6) Drilling holes through the turbine building and
auxiliary building co!.: rete floors at elevations 614'
and 634' at the locations required by subcontractor

7) Repairing the holes drilled in the suailiary building
and turbine building concrete floors

,

4) Electrical power to operate the pumps
excavation, fill, backfill,

All lines, grade, survey,ing equipment at the road or9)
and protection of dowater
ramp crossing as necessary

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

2. QUALITY STANDARDS

A. GENERAL

1) subcontractor shall be responsible for the quality of
items and services to meet the requirements of this

, specification, applicable codes and standards, and
j other contract documents.
' 3. $llBillTEALS

'l
| A. STANDARD FORMS

'

1) Engineering document and quality verification
{ document requirements are sumusarised in Form G-321-D

and are augmented by detailed requirements in thist

j specification.

3. PSOCEDURES

!
subcontracter shall submit the following procedures (in

t detail) to the satisfaction of contractor.
,

1) Dewatering plant area procedure

2) Test pits procedure

1

2
,

W

8 E

.4
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3) Observation wells d |

4) Jetting procedure

5) Grouting procedure

4. SERVLG REQUIREMENTS

A. OPERATIONAL REQUIREBWrF8

1) An adequate dowatering system shall be installed to
lower and control the groundwater to provide a dry
condition during construction, excavation, and
placement of fill materials. The dowatering system
shall be capable of lowering and continuously
maintaining the groundwater level to el 400'
initially so construction work can start and thenc lowering and maintaining the groundwater level as
directed by contractor to a minimum elevation of 540'
until a written directive from Contractor to cease
dowatering operations has been received.

2) Deleted

3) Contractor shall provide operating electrical power.
The drawing will indicate these locations.

B. SUSC00FFRACTOR'S hESPONSIBILITY

1) subcontractor shall be solely responsible for the
design, installation, operation, and removal of a
dewatering system. This system shall prevent the
loss of fines in the soil, seepage, boils, quick
conditions, or softening of the foundation strata.
The stability of sides and bottom of escavation shall

: be maintained, thereby resulting in every phase of
the escavation and construction being perfossed in
dry conditions.

! C. DATA AVAILABLE

1) The subsurface data and preliminary pump test results
are available upon request and ate for
subcontractor's information only. subcontractor
assumes the responsibility for any deductions,
interpretations, or conclusions made on the basis of
these data.

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

are available for review.

3)- The estimated elevation of the groundwater table is
427 feet.

3
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9
D. APPROVAL OF DEWATERING SYSTEM

1) Approval by Contractor of the dewatering system
proposed by Subcontractor will be only with respect
to the basic methods subcontractor intends to use.
Approval of the dewatering system will be based on
the demonstrated performance of the system to satisfy
the requirements for dewatering as specified.

E. CONTROL

1) The observation wells, piezometers, and measurements
of fines shall be used as a' primary basis of f2N
determining compliance with the requirements of this
specification.

2) Test pits shall be used only as direcV.ed by'
contractor in writing.

5. FIELD OPERATIONS

A. GENERAL

1) Subcontracter shall furnish, install, operate, and
maintain the dewatering system and, upon completion,
remove all dewatering, equipment except as approved-in
writing in advance by Contractor. Subcontractor
shall perform all associated work required to remove
and control the subsurface water so that the
excavation, construction,,.and backfilling operations
can be' performed completafy in dry conditions as
approved by,. Contractor. All associated work required
to remove and control localized pockets of~ trapped d
groundwater within-the excavation will:be done by
others.

.

B. TRENCHING ,

.

1) Contractor shall perform excavation where required to
allow for installation of the dewatering system.

C. TESTING DEWA*lERING SYSTEM <

1) Prior'to any sxcavation below the groundwater level,
t:rt dewatering system shall be tested and placed in

.

. operation to lower the water levels as required and
shilll' function continuously;as required to provide a

'

dry construction area. The! pumping shall continue
untir.the excavation and backfill operations are
completed to the upper limits of the originali i

I groundwater le rel. gSubcontractor.shall obtain
written approval froa Contractor before discontinuing
the dewatering operation. ,

i

s.

s.w

4'"
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&

' D. DISPOSAL OF WATER

1) Subcontractor shall be responsible for all surface
and subsurface water resulting from its operations
and shall dispose of all water removed from the.

dewatering system in a manner that will not endanger
public health, property, or any portion of the work
under construction by other Subcontractors and
associates working in the area. The water shall be
conveyed through piping from the dewatering system to
the existing site storm drain system only after it d
has been monitored for fines.,

E. STANDBY EQUIPMENT

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

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

F. OBSERVATION WELLS

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

2) The observation wells shall-be of a type that will4

permit portions of the riser to be removed as the
excavation work progresses. The proposed type shall
be submitted to Contractor for approval prior ".oi

installation.
*

3) . Subcontractor shall, by adding or removing water from
all observation well risers, demonstrate that the

| observation wells are functioning properly prior to
j commencement of dewatering.,

4) Any observation wells and/or piezometers that become
inactive, damaged, or destroyed by Subcontractor
shall be replaced within 24 hours by Subcontractor at
no additional expense to contractor.

- 5
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9

5) Jetting shall not be used for the installation of the.

observation wells / dewatering wells under any
structure. Controlled jetting may be used for the
installation of the observation wells / dewatering
wells outside the structures, provided the jet water
is brought up through the inside of the jetted casing
and does not blow up the outside of the jetted
casing. The above is applicable after the casing has
been installed 10 feet below the ground surface.
Jetting shall be done in accordance with the bSubcontractor's approved procedure,

G. DEWATERING

1) subcontractor shall be solely responsible for the
arrangement, location,'and depths of the dewatering
system necessary to accomplish the work described
under this section of the specification. Limits of
the work are shown in the drawing. The dewatering
shall be accomplished in a manner that will reduce
the hydroctatic head in water-bearing strata below
any excavation to the extent that the water level and
piezometric water levels in the construction area are
substantially (a minimum of 3 feet) below the
prevailing excavation surface; will prevent the loss
of fines, seepage, boils, quick conditions, or
softening of the foundation strata; will maintain
stability of the sides and bottom of the excavation;
and will result in all construction operations being
performed in a dry condition. For the area outside
of the structures where pervious soil strata overlay
considerably less pervious soil strata above the
subgrade level, the groundwater in the parvious
strata shall be lowered to within less than 2 feet of
the top of the less parvious strata. As the area is
excavated to the top of the less pervious strata, any
groundwater remaining perched in the pervious strata

,

above the less pervious strata shall be removed by-

others. If the water bearing strata are found to be
absent, the well location shall be abandoned and the A
hole shall be sealed in accordance with

j Paragraph 5.G.7 of this specification. i
'

I 2) The dewatering operation shall be controlled in such j
; a manner that the amount of fines of the soil in the '

: discharge water shall be limited to 5 ppa. This is'

to be determined by measuring the amount of fines in
the return line and discharge line corresponding to g>

i : the quantity of groundwater measured at the discharge
line.i

a) All dewatering and observation wells located'

within the turbine building shall be installed A
using stainless steel well screen and risers. *
Unless directed otherwise in writing by the
onsite geotechnical engineer.

6

i

|

.- |

|
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b) Dewatering wells located outside the turbine
building area may be installed with a 6-inch
diameter well screen, provided there is a d
sufficient quantity of sand and approval is
obtained from the Contractor's onsite field

i geotechnical engineer.

3) Jetting procedures shall be approved in advance in A
writing by contractor and as indicated in
Subparagraph 5.F.5 of this specification.

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

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

6) Subcontractor shall obtain written approval from
Contractor before discontinuing the operation of the
dewatering system.

7) Subcontractor shall seal, with 2,000 psi minimum
concrete grout, any dewatering equipment buried or

,

left in place under the structure and all observation
wells, test pits, and holes after the dewatering
operation is discontinued in accordance with the,

latest Michigan Wells Act.
,

6. INSPECTION

A. CONT 3 ACTOR

1) Contractor shall inspect the effluent of the well
points to determine the amount of material (fines)

~

being removed by the dewatering operation. This
nionitoring is Q-listed and shall be in accordance,

with 10 CFR 50, Appendix B.

.2) The dewatering system shall be accepted by Contractor
based on the difference in quantity of fines measured A
in the return line and discharge line and correlated LB
with the quantity of grcundwater being discharged

.

7

|
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Y
through a water meter calibrated in gallons. The
average quantity of fines shall not exceed the ratio
of 5 ppm.. The average quantity of fines shall be
determined by testing a sample of water from the
return line and the discharge line every Monday and
Thursday that the pumping is in operation using a
1-liter Buchner funnel. The filter paper shall not
be coarser than 0.005 millimeters. The corresponding
number of gallons of groundwater pumped through an
In-Line flowmeter located on the discharge line shall
also be recorded by contractor and the average ppm
calculated. Contractor shall also monitor the number
of gallons of recirculating water in Subcontractors
eductor system. Contractor shall supply the 1-liter
Buchner funnel and filter paper (no coarser than
0.005 millimeters) for the testing, and three
flowmeters; one on the recirculation water line
(10-inch Sparling In-Line with totalizer, Saddle
Mount Series FMll2) one en the discharge line (6-inch j@g
Sparling In-Line with totalizer Saddle Mount Series
FMll2) and one on the hydrant (3-inch Sparling
In-Line with totalizer Series 162). If an individual
test indicates the fines are greater than 5 ppm but
the average ratio of fines to ground water pumped is

i less than 5 ppa, Subcontractor shall be alerted. If
the quantity of fines exceeds the average ratio of
5 ppm for the total quantity of groundwater pumped,
Subcontractor shall be notified that it has 24 hours
to correct the condition. If, after 24 hours,
Subcontractor has not been able to correct the
problem, contractor shall begin a systematic testing
of each individual dewatering well. Any dewatering
wells found to produce greater than 5 ppa of fines
shall be repaired by Subcontractor or removed-from
the system. Subcontractor shall notify contractor
whenever it intends to purge any collected fines from

i the eductor tank. Subcontractor will estimate the
quantity of water purged, and Contractor will collect,

all material from Fubcontractor's eductor tank. The
discharged bottom material shall be sieved through a
Number 325 U.S. standard screen. The collected
material shall be retained and stored for inspection

! by the onsite field geotechnical engineer.
.

| 3) Each individual well shall be inspected by Contractor
during installation in accordance with the following
criteria. After the initial 15 minutes of pumping,
the effluent shall be tested for fines using a d

,

1-liter Buchner funnel.
a) If the fines observed are 10 ppm or less, the gg

# well shall be accepted.
b) If the fines observed exceed 100 ppa, the well

shall be rejected and pumping stopped.-

,

c) If the fines observed are less than 100 ppa, but|
| more than 10 ppa, the pumping shall stop. The /$$

well may be retested in accordance with the above

8
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criteria after a minimum of a 1-hour delay. If
the well has not met the acceptance criteria for
fines within three retests, the well shall be
rejected and pumping stopped.

4) Records shall be maintained for each well and for the
entire system, including the amount of fines (ppm)
each time readings are taken. 2-

B. SUBCONTRACTOR

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

7. CLEANING AND RESTORATION

A. Subcontractor shall leave the work area in the same'

condition as prior to the start of operation and to the
satisfaction of contractor.

8. QUALITY ASSURANCE REQUIREMENTS

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

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

4

9. MEASUREMENT FOR PAYMENT

A. BASIS OF MEASUREMENT

1) The measurement of payment shall be in accordance d'
.

with the terms of the. subcontract.
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APPENDIX A

DOCUMENTATION REQUIREMENTS

,

1.0 The Subcontractor shall furnish documentation in accordance
with the specification as summarized and directed by form
G-321-D. To complete form G-321-D, the Subcontractor
shall check in column 8 which documents are being trans-
mitted, and shall sign line 21. The Subcontractor shall

'

fill in lines 13 through 20 as applicable. Entries such
as N/A (not applicable) and "See attached sheets" are
permissible. The completed G-321-D form is then used for
a cover sheet as directed on the back of the form.

Attachments:

Form G-321-D, Engineering and Quality Verification Document1. *
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22.0 PT - LIQUl0 PENETRANT EXAMINATIUN PROCEDURES (El, AND VERf flCATION REPORTS M - Method cf detectwn and esamunnen results of
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duranunmues a meterest by detm hen el au aptahed electgnaguetse lepid.
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PROBLEM: "UNCOMPACTED BACKFILL" Plant Area-does not Include Dikes

'O
'

IS IS NOT DISTINCTION CHANGES

D/G Bldg. Power Block Recent Plant Use of both C-210, C-211
Area Fill Prior - used only C-210

X-Former Pads Evaporator Not part of Dike / Sand & clay vx clay alone
Bldg North Plant Area

Fill

Condensate Cooling Tower Fill placed dur- Two contractors - Bechtel &
Tanks ing different Canonie

W time periods
H -

A Radwaste Bldg * Steam Tunnel Last ares to be Bechtel used C-211
T backfilled
?

Tank Farm * Service ** Settlements seen Large equipment to large &
Water to occur in small equipment

spread type
footings

*Not as signi- Circulating Excavation /Re- Use of ramps / temporary fill
ficant or wide Water excavations (sig-
spread as other nificant areas
areas ** Problem

exists with
Guard House sands around

! structure but -

not under

1

Occurred Prior co Slowdown of 75 Specification interpretations
After 1975 1975 with personnel by didfferent individuals

changes

Late in jo less deletion'of 4" lift requirement
emphasis on civil
work

W Cooling Pond Urgent need to see work com-
H Filled pieeed
E
N Sand / structural fill used
7 together with clays

,

/
Qualification of personnel-

. may have changed

Differing weather conditions

Rebar problems occurred

.

*

. . _ . _ _ _ _ _ .
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.

.
|
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* - *
.

*
.

.

PROBLEM: "UNCOMPACTED BACKFILL" Limited to Plant Area - does not Include Dikes

| Iji IS NOT DISTINCTION CHANGES

!

Plant Area Plant. Area Sand incorporated Sand / clay interfaces - sof ting |
Fill AFter Fill trior in fill of clays due to watering
1975 to 1975

E

X elev 612' & Below elev Smaller areas of Larger lift thickness for
T above 612' fill equipment and harder to
E control lift thickness
N
T Most signifi- Most extensive Introduction of smaller
7 cant problem examination equipment

t area south & re-excavations -

southeast of
Turb Bldg

I

|

Glacial Till Require handling &-

Undisturbed Placementby Equip-
'

ment

Backfill Natural Clays - N/W Plant More mixing & material
W (clay) sands dike interfacirg
H (sands) sand / clay rest of
E area
R
E Backfill Area exposed the More winters .

? Concrete longest during
construction

North / West
Plant Fill

9

i

!

J

.

D

L
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|*

Pescible Ceuses*
.

.

|
Test Yes No 7 Cause

Use of different X Problem is only associated with areas
Specification which used Spec C-211

Recent Work x

Not Part of D1ke/ Plant A
(N/W) Area '

1

Placement of Fill during X Different personnel different
different periods equipment

Last Areas to be X Schedule pressures
Backfilled |

|

Occurs on spread FIGS X Design may be deficient

i
i

Excavations X Most significant problem in area where
Re-Excavation most excavation /re-excavation occurret

-
u

Introduction of C-211 X Differing requirements / people /
interpretations

.

Different Materials X Differing methods for compaction -
addition of water to sands

Use of small equipment X Not able to compact as effectively (ni
test pads for small equipment qualifi-
cations)

75 Slow Down X Changes in personnel and discontinuin;
of work

Filled Cooling Pond X Designed to be in saturated condition

|

Less emphasis on civil work X Less supervision and inspection
,

+
i

.

Specification intrepretation X Relates to personnel
'

1

Larger lifts per spec. X Coupled with small equipment

_

\

.

.
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*
.

.

6

Test Yes No ? Cause

Schedule pressures X Complete work hastily <

Personnel qualifications X No soils engineer on site

Smaller fill areas X Relates to equipment and lifts

More Freeze-chaw cycles X These areas filled during several

winters -

Weather (dry or wet)
also when material was placed X

Removal of temporary
ramps and fill X Uncompacted materials placed and

left in large amounts

Rebar Problem occurred X Deals - priorities for inspection /
extent of inspection

.

*De e

1

4 .

.

9

I P'

__. _ _ _ _ _ . _ _
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ACTION PLAN

1. Define problem areas better by boring logs and TOPO's (PMO - work on this).
I
'

2. Define problems by elevations (use boring logs) (PMO - QA later).

3. Define difference between C-211 and C-210 (QA).

4. Define what work was done by Bechtel and Canonie (PMO).

5. Define where trenches were made (excavations) (photos, TOPO's, etc) (EMO - QA).

6. List all equipment used by a) Bechtel
b) Canonie

(photos, rental sheets). ,

7. Look at changes in personnel / qualifications (QA, PMO).

8. Look at assignments of supervision to earthwork by period.

9. Look at telecons/FCR's to spec, DR's (QA).

10. Look at specs and also photos.

11. Look at rate fill in areas where there was problems (FHO).

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

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

,

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

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

15. Review weather date for periods of problems (FMO).

i

i
,

!

I

u

.

|

|
|

.

9
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SusJccT MIDLAND PROJECT GNO 7020 - SETTLEMENT OF
HIDLAND DIESEL CENERATOR BUILDING ,,,,, ,
File: B3.0.3 Serial: CSC-3852 c4aacseo oc=cc

.

cc GSKeeley

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

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

1. Although the Bechtel sunenary reports the percentage as percent
compaction, it is in fact percent relative density. A relative
density of 125% does seem to be unreasonable, however, our
efforts have been focused on clays. A number of proctor curves
have been examined for compatibility with the zero air voids,

curve and some of these tests fall outside the curve which would
indicate the selection of an incorrect standard for that particular
type fill. '

.

2. Many tests were conducted other than those attached. A ramp was
*

constructed in this area and these tests were not included but
tests were available.

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

4. With the addition of the ramp tests, the number of tests appear
to exceed the amount required. Since location is not addressed by
the specification, we cannot address the question of test locations.5

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

;

6, The borings and resultant tests are being examined both by Bechtel |
and the consultants. *

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

8. The settlement rate for the Diesel Generator Building is signif-
icantly greater than that observed in other structures.

9. There are no settlement vs. time curves to compare the to date
settlements with, but centinue'd monitoring has shown that during
the preload cycle the settling has started to slow down and to

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

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

Should you have any further questions, please contact us.
.
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. MEETING NOTICE unas,m
7220-101 g. 7, Ay4y6/$ .

BECHTELJOB N
PROJECT

~
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+ _

SUSJECT OP THE MEETING

Omase Investigation and Analysis c.f Plant Ares
n=ewill settlannr* Problems;

.

..

oAy Wednesday, May 30, 1979'

.

9:30 a.m. 2R:en
TIME

LOCATION thfarenma 1hwun 7R1

ATTENDEES -

nar4* m1 twgqmuners.
3

1

S. Afifi D.Ikrn
,

! A. Boos C. Ranc
R. N=*1% (cptional) B. Itsealer .

B. Dhar ,

J. Bink .

P. 3ertinez
: G. 3tichevamens
| J. leanzack i
j K. Itiadner

i The addromes, checked atom, if unstde to atend, is reauested to:

@ NOTIPYCHAIRPERSON SF*:~ REPRESENTATION

PURPOSE OF LE MEETING
i

' o Discuss action items listed in mrch 12,1979 meeting notes (each attendee
i is requestai to prepara respenses to the action itans as w - !=+=)

,

f o Prepara outline and -d%- for cause g_- : : * to 2EC schedulsi -

,

for mL1, Rana,1979.

.

'
. .

,

*
AGENDA ATTACHED MEETING NOTES WILL SE DISTRIBUTED

,

CHAIRPfRSON
PHONE DATE -

I Imr11Hgener x 7169 5/22/19
|

|
-

I*
d

.

* *
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