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175 Curtner Stroet

San Jose¢, Calilvrnis 9510;

"2

)

Attention: ir. R, B. Gile
MC~ |’ I
SUBJECT: Earthaguake Desipn Criteria
for the Monticello Nuclear
Generation Plant

Gentlemen:

!

¢ Reference is made to our report on the ecarthquake design eriteria
for the subject project dated July 15, 1906. 1In this report we recom=

’ mended that Type 2 structures be declgned for a minimum horizontal

coefficient of 0,10,

We have roviewed this requirement on the basis of values recoms
monded by the Uniform Building Code, end it is our cpinion that the
appropriate cocf'ficient for Type 2 structures should be 0,05, Our
recommendation for a one=third allowable increase in basie strece still
applies.

Very truly yours,
JOHN A. BLUME & ASSOCIATES, ENGINEERS

Ee J¢ Kelth
Aupistant Vice President
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July 15, 1966

General Elect ric Cuompany
175 Curtner Street
San Jose, California

Attention: Mr, R, B. Gile

Subject: Farthquake Design Criteria
for the Monticello Nuclear
Generation Plant

Transmitted herewith is our recommended ea rthquake design
criteria for the subject project,

Since not all field data have yot been made available it will
be necessary that we review the findings presented herein. We do not
however, expect drastic changes in these criteria,

Very truly yours,

JOHN A, HLU‘M:C{!. ASSOCIATES, ENGINEEF 3

A/\}, o livn

H. J. Sexten,
Vice President and Chief Engineer
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PRELIMINARY EAR_TUQUAKP.‘ DESIGN CRITERIA

FOR THE

¢ e oy

MONTICELLO NUCLEAR GENERATION PLANT

NEAR
A

»MONT!C_PE LLO, MINNESOTA

C——

This report is based on preliminary geologic and soil data
furnished by Dames and Moore, foundation engineers, and the assump -
tion that the rea« tor-building is founded in a 15-foot layer of stiff clay
immediately aboyve sandstone, When final earth science reports are
available thig report will be reviewed and revised if necessary,

The proposed site is located near the right bank of the Missiesippi
River in Wright County, Minnesota at about latitude 45° 20' North and
Longitude 93¢ 5¢° West, approximately 30 miles northwest of Minneapolis,
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GEOLOGY

Regional Geology - The basement rocks of Minnesota, some as old
as Precambrian, generally are covered by Pleistocene glacial debiris
and younger alluviy) deposits, Volcanic rocks occur in some areas,
Sediments of these types rest on glacially-carved bedrock of sandstone
and shale in turn underlain by weathered granite rocks, The bedrock
surface slopes east to southeast,

The Minncsota area here discussed is part of a deep, southerly.
trending trough in which were deposited sediments and volcanics dur-
ing later Precambrian and Puleozoie time, Paleozoic rocks are
exposed in the southern part of the trough and, in the Minneapolis-§t,
Paul area, form an artesian basin,

Regional Faulting - The results of regional geophysical surveys indi-
cate that a major fault system of Precambrian age may be present in
the region, Displacements of thousands of feet are believed to have
occurred on the faults in Precambrian time and displacements of
lesser magnitude i1n Paleozoic time, There is no evidence of faulting
in the last few million years,

Two lobes of ice, both of the Wisconsin glacial stage, advanced
' the reeion, the older from the Lake Superior area and the other
e BoU . west, Both left terminal moraines, the moraines of the

«r of the lobeg being immediately south of the present-day Misgisg-
rer,

The depths of stream channels cut in the area in pre-glaciation
time not only may be @reater than that of the Mississippi River, but
they also bear no directional relationship to preeent-day channel,

The lovating of these old channels ig hindered by lack of bore-hole
information.

Site Geology - Decomposed igneous rocks of Precambrian age lie at

a depth of about 70 f-et at the eite. These rocks are overlain by 10 to

15 feet of sandstone which, although in places weatherod and friable,

is in general moderately well cemented, The sandstone is in turn over-
lain by approximately 50 feet of glacial and alluvial debris couasisting of
sands and gravels. In the reactor-building area, the sandstone is over-
lain by clay of variable thickness, It ig not presendly known whether or not
the building will Le founded in this clay,

Boringe and well information in the vicinity of Monticello - about
2~3/4 miles east of the fite - indicate that that tocality is underlain by
150 to 270 feet of unconsolidated alluvium and glacial drift which in turn

JOMN A BLUME & ASLOCIATES, ENGINE E s



: overlie sandstone and shale; granite at that locality lics at a depth
:]' * preater than 500 feet, , The indication jg therefore, that the rock
and soil units at the site slope eastward toward the sedimentary
.] basin and its artesian ground-water aquifers
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Seismic History - Table A numerically lists the earthquakes in the

general region in and around Minnesota, Those more applicable to
the site are plotted on Plate I. The earliest earthquake on record oc-
curred in 1860 in central Minnesota, thus the record here is for only

some nincty years. During that period the historical carthquakes have
had little effect at the proposed site,

Faulting in Area -  The nea rest known or inferred fault - the Douglas
Fault - i—;“é?‘r:nlvs southeast of the site (Plate 2), According to
referenced geological information, there is no indication that faulting
hag affected the area of the site in the last few million years., The
major fault systein of Prec ambrian age, which is associated with the
Precambrian structural trough, is also seen on Plate 2. Major move-
ments of thousands of feet along this system appear to have been
restricted to Precambrian time, with minor displacements having oc-
curred during the Paleozoic, Faulting within recent geologic time is
not in evidence,

Richter's Seismic Regionalization Map (Plate A, Appendix)
thows the area of the site in a probable maximum intensity of VIII, -4~
Modified Mercalli, This intensity has been based on the area's rela-
tionship to the Canadian shield, Stable shields in other continents are
usually fringed by belts of moderate seismicity, with occasionally large

earthquakes, Historically, this area is too young to prove or disprove
such seismic activity,

The Coast and Geodetic Survey's Seismic Probability Map of the

United States (Plate B in Appendix) assigns the area to Zone 0 - no dam-

It is our opinion that neithe r the regionalization nor the probability
map 18 satisfactory in determining a pProper seismic factor if considered
alone, Each, however, is based on Jjudgment and fact which, when
weighed with other data, become more meaningful, In the case at hand,
the assignment of an VIII as the lurgest probable intensity for gencral
area must be tempered by the fact that the inteneity at or near the sand-
stone will be much less than that experienced in arcas of less competent
material, where invariably the miximum damage is sustained,

Earthquakes can and do occur in this region away from fault., and
pProbably result from residual stresses duc to recent glaciers, A quake
similar to Nos. 12 and 24 was postulated neat the site and using the
dynamic response data olbtained insitu, the % s, ea rthquake of July 21, 1952
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.., North 69 West component with an applied factor of 0, 33 was solected

a; best representative for the derign earthquake. Plate 3 shows

l Z single-mass spectra when averaged, Recommended design criteria
] follow which utilize this earthquake record.
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REC()!\’!MI:ZNU!QD EARTIIQUAKE DESIGN PROCEDURES

For purposes of design, structures (buildings

Or equipment) are
divided into two classes:

Type I. Those Structures whose failure may d

amage vital equipment and
thus might causge a nuclear incident,

'I‘\-'pe . Those ftructures whose failure could cause no nuclear incident,

Re ornmended Procedures for Type 1 Structures and Fquipment

l. For structures op equipment foundeg directly
tural desipn ghall first be executed based on e

moments, and displaceinents,

on soil, a struc-
stimated seismic shears,
The structures thug designed shall then

be subjected to dynamie analysisg using the spectra on Plate 3 and damp-
ing values from Table . Sufficient modes shall pe included to assure
pParticipation of 311 modes having a period preater than 0.08 second, A
vertical ground acceleration of two-thirds the horizontal Bround accelera-
tion shall pe applied to the structure and resulting stresges due to hori-
zontal and vertical actcelerations shall be conside red to act simultaneoualy
and shall be addeg directly, When combined with stresses from Operating
conditions, the resulting stregses shall comply with applicable codeg
without the usual fractional increa se for short-term loading, The final
design shall be reviewed for compliance with local requirements, If corn-
Puterized methodsg of dynamic analysis are used, the mathema.ical model
may be subjected to an excursion through the Taft earthquake of July 21,
1952 North 69 We st component with an applied factor of 0.33, After thig
has been satisfied, the Structure shall pe examined undey values of twice
those given in Plate 3 or a dynamic excursion through the Taft carthquake
of July 21, 1952 North 69 West €0l ..ponent, with an applied factor of 0, 66,
As before, horizonial and vertical Seismic tomponents shall pe considered
with other appruprigte loads, but in thig tabe vertical ground accelerations
¢hall be 0, 08g. Under this loading condition there shall be no failure that

could caugpe injury or Prevent a gafe shutdown during or after the earth-
quake,

2, Structures Or cquipment supported in or
“qQuipment are placed int., three categorie
and the predominant frequency of e

on other structurey or
6 based on their natural frequency
Bupporting structure:

(1) Rigid catepory: -‘;"l ».. 2.0

(2)  Resonance category: 0.7« Im 2.0

(3)  Flexible calegory: Im 0,7

g
{
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Where!

fm is the natural frequency of the mechanical structure
or equipment, and f is a predominant frequency of sup-
porting structure at the location of installation,

(1) For Rigid Category: Because of the high frequency,
the design shall be based on an acceleration corresponding to the maxi-
mum acceleration experienced by the supporting structure at the loca~
tion of equipment support,

(2) For Resonance Category: Elimination of resonance
phenomena is one of the principles of the design, In order to eliminate
resonance vibration some modification of the natural frequency of the
supporting structure may be required, In case the resonance vibration
cannot be avoided, prevention of large amplitudes by means of damping
devices is requiredor dynamic design considering resonance vibration
is required, In case the mass of the object is such as to produce an
“Appendage' condition with large deflections and accelerations, a thorough
dynamic study will be performed, Should the restriction of vibration be
enough to make the object rigid, examination for rigid category is also
required,

(3) For Flexible Category: Those items which are desig-
nated as flexible will be designed using induced accelerations correspond-
ing with their frequencies, Careful examinations will be made concerning
objects coming into contact because of excessive displacements,

3, For structures and equipment too complex for direct analytical
procedures, vibration tests should be pe rformed to establish the carth-
quake-resistant capabilivies.

JOMN A DILUMLE & ASSSOCIATES, ERGING LR
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TABLE |

RECOMMENDED DAMPING VALUES

Item Percent Critical Dampigg

Reactor-building (massive construc- 5.0
tion with many cross walls and
equipment and providing only
secondary containment

Thin-shell and prestressed concrete 2.0
structures

Steel structures 2.0

Vital piping systems 0.5

Ground rocking modes of vibration 10,0

&_ggq_x_xlxenda-_d Pru«:cdu_zfeo For Type I Structures and Equipment

It is recommended that Type II structures and equipment be de-
signed on basis of a minimum seismic horizontal coefficient of 0. 10
With a one-third allowable increase in basic stress, Allowable in-
crease in soil stresses if any, must be taken from recommendations
of the Soils Engineer, All equipment should be so bolted or fastened
that its displacement will not occur if friction is non existent,
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) Location Intensity
No. Date Place N.lat W.Long ~_m._?{1.:L Remarks
19 11/1/193% Egan, S.D, Lk .0 96,6 V (est.)
€@ 10/1/1938  Siox Fallg, b3.5  96.6 v Felt over 3,000 square
é_,D S ey hiles,
<5 | 1/28/1939  Detroit Lake, 6.9 95,5 V (est, )
Minn.
€2 6/10/1939 Fnirfax, 8.D, k3.1 98,8 VI (est.)
'] 23 1/23/1946 Wessington, 8., b5 96,7 I (est.) R
&b 5/6/1947 ) Milwvaukee Ares 2.9 87.9 V11 Fclt Bheboygon to
S Kenosha,
] 23 2/15/1950 Alexandria, Minn, k5.7 gl 8 V-VI(est,) ok
_26 1/6/195% Hancock, Mich. L7.3 U084 v
] 27 12/3/1957 Mitchell, §.D, L3,8 98.0 v
28 1/12 /1959 Doland, ¢ D, Lb 9 98.0 vV
| e 12/31/1961 W.Flerre, 8,0, Le.b  100.5 V1 e
»
|
I
}
®
|
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TABLE ¢

MODIFIED MERCALLY INTENSITY SCALE OF | 83
.
. (AbﬂdBCd)
L Not felt except by & very few under especially favorable circumstances,
!l i Felt only by u few penon: at rest, cspecially on upper floors of buildings, Delicately suspended
- objects may iwWing,
-9 ur. Felt quite foticeably indoon, eapecially on upper floors of bufldings, but many people do not
‘l fecognize it as an earthquake, Standing motor cars may rock slightly.  Vibration like passing
of tuck.  Duration estimated,

v, During the day felt indoors by many, outdoors by few, At night some awakened. Dishes, windows,
"] doors disturbed, walls make creaking sound.  Sensation like heavy truck striking building, Standing
- motor cars racked noticeably,
5 ¥, Felt by nearly “veryone, many awakened. Some dishes, windows, eic, hroken; a few instances

of cracked plaster; unstable objects overtumed., Disturbance of trees, poles, and other tall objects
fometunes noticed,  Pendulurm clocks may stap.

Felt by all, iy frightened and run outdoots.  Some hea
fallen plaster or darmaged chimneys, Damage slight,

U ¢
——
R

vy fumituce moved; a few instances of

Vil Eve ybo ly runs ourdoors, Damage nepligible in buildings of good design and construction; slight to

miders ¢ i well- buin ordinary structures; considerable in poorly byilt or badly designed structures;
wme chimneys broken. Noticed by persons driving motor cars,

Lt‘,

VIIL Damage shight in specially designed tructures, considerable in ordinar

partial collapse; grean 1y poorly bult structures.  pape) walls thrown out of frame Structures,
Fall of chimneys, tactory stacks, colurns,

monuments, walls, Heavy furniture overtumed,
Sand and mud ¢jected in small amounts. Changes in well water.  Disturbs persons driving motor
Cars
3.

y substantial buildings with

&3

IX Damage considerable in pecially designed strucrures, well-designed frame structures
plumib; great i suustantial butldings, with pariial collapse,

Ltound cracked taspicuously,  Underground pipes bioken,

thrown out of
Butkdings shifted off lotndations,

X some well-buily wooden structyres destroyed; most masomey and fr

anie structnres destroyed with
leundations: Btound badly Cracked, Wails bent,

Landslides considerable ran: river banks and
Stedp slopes,  Shifred sand and inud. Warter sp!;u.l;rd{».lnppcd) over banks,

XL Few, if any Lmasaney), structures retnan standing, Bridyes destroyed,  Broad fissure

Undegiiomd mipe lines ¢ ompletely oul of service. Farth shumps and Land slips

1
]
|
!
l
l
|

thograungd.
Wsott ground,

Xl Damage wial, Waves wen on ground surfaces.

Lines of siptht and levol distortgd, Objeets
Huown upward o (he air,
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October 17, 1966

gechtel Corporation
P.0, Box 3965
¢an Francisco, California 94119

Attention: Mr. G. L. Parkinson,
Project Engineer

Gent lemen:

seventh Supplement

Report of Foundation investigation
Proposed Nuclear Power Plant=Unit Nunber |
Monticello, Minnesota

For Northern States Power Company

This letter presents our opinions and data pertinent to questions
asked by the Bechtel Corporation congerning dewatering operations to be per-
formed at the site of the Proposed Nuclear Power Plant=Unit Number | in
Monticello, Minnesota, We understand that the rain dewatering system will
consist of large diameter wells installed around the periphery of the
proposed construction and penetrating into the underlying sandstone forma-
tion. The following gquestions regarding dewatering opcrations were asked:

| -« Will the dewotering operations at the site affect
the performance of privately owned wells existing
near the site? We understand that the dewatering
system is designed Lo remove 400 vallons per minute
during low water conditions and up to 3,500 gollons
per minute during high water conditions (A hiah water
level assumed at Elevation 916 is onticipated during
flooding of the Mississippl River.) The dewatering
system is designed (or a maximum capacity of 6,000
gallons per minute.
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pechtel Corporation

bDetober 17, 1966
Page = 2

2« Will limiting the soilds content in the ground water
removed from the site by the dewatering system to i
ten parts per miliion (10 ppm,) be sufficient to pre- i
vent detrimental loss of ground in the vicinity of
the excavation?

3 = Will the ground water removed from the site by the de-
watering system be suitable for use in concrete mixing
operations and usable for plant sanitary and drinking
purposes’?

Based on our knowledge of the subsurface condit’ons in the vicinity
of the site, we estimate that, during high water conditions, the zone of in-
fluence of ground water drawdown in the vicinity of the site will be on the
order of 2,000 feet or less, Hence, wells located 2,000 feet or more from
the proposed excavation should not experience measurable drawdown in their
normal water levels, Due to the variability of subsurface permeability
characteristics, our estimate of the zone of influence is considered subject
to some uncertainty. We therefore recommend thot pumping and drawdown data
obtained during test pumping operations at the ¢ite be provided to us so
that we may review and modify our conclusions i1 necessary.

It is our opinion that limiting the solids content in the ground
water removed from the site to ten parts per million will be sufficient to
prevent detrimental loss of ground within the construction area, We recom-
mend that the contractor be required to provide substantiating data through-
out the dewatering program to verify that the solids content of the pumped
water does not exceed the limiting value.

If the total solids content of the water to be removed from the
excavation is limited to ten part. per million, the water will not contain
an amount of total solids which would preclude its use for concrete mixing
and for plant sanitary and drinking purposes. wever, we recommend that
samples of the ground water be obtained and subjected to laboratory chemical
analyses to insure that its chemical composition is suitable for these purs
poses,
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! gechtel Corporation
October 17, 1966

pPage - 3

We trust that this supplement provid:s the intormation required at
this time. It is requested that this letter b: bound with and become a part

of the subject report,

Your: very truly,
DAMES & MOORE

PP A} O d

William G. Paratore

Loy B

George D. Leal

-

GDL:WGP:mf
Twenty Copies Submitted
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October 7, 1966

gechtel Corporation

p.0. Box 3965
san Francisco, Califarnia 94119

Attention: Mr. G. L. parkinson, Project Enginecr

Gent lemen;

sixth Supplement
Report of Foundation |avestigation
proposed Nuclear pover Plant = Unit Number 1

Monticelln, MinnesoLa
For the Northern States Power (ompany

This letter presents estimated maximum settlements for the Reactor

Building, the Turbine Generator guilding, and the Intake Structure assuming

bearing pressures imposed on the under lying soils equal to one=third the

ultimate bearing capority of the soils underlying each unit, We are also

providing the estimatod maximum cettlement for the Reactor Building assuming

a bearing pressure imposed to the underlying soils equal to one=fifth the

ultimate bearing capJuity of the soils underlying the Reactor Building, The

ultimate bearing capacity of the soils underlying each unit were presented

to you in our Second Lupplement, dated August 16, 1966,

Presented Liclow are the estimated max imum settlements for the units

assuming that the insiallation of foundations for the units are in accordance

with the recommendations provided in previous reports.
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September 30, 1966

Bechtel Corporation
P.0O. Box 3965
San Francisco, California 94119

Attention: Mr. G, L. Parkinson,
Project Enginecr

Gent lemen;

Fifth Supplement

Report of Foundation [nvestigation
Proposed Nuciear Power Plant=Unit Number |
Monticello, Minnesotea

For Northern States Power Company

This letter presents dynamic response dota for the foundation
material which will immediately underlie the Reactor Building at the site
of the Proposed Nuclear Power Plant=Unit Number | to be constructed in
Monticello, Minnesota for Northern States Power Company.

We recommended in previous reports that the stiff silty clay
layer which would be present below the mat foundation of the Rcactor
Building be removed and replaced with compacted granular fill, 1t was
further recommended that the granular fill be compacted to a dry density
of at least 100 percent of the maximum dry density as determined by the
American Association of State Highwa, Officials T 180-57 Method of
Compaction, We understand that our rccommendations will be utilized and
that the clean granular soils obtained from the excavating operations
will be used as fill material below tie Reactor Building., 1t i+ antic=
ipated that the fill material will consist of a medium sand with some
gravel .,
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Bechtel Corporation
September 30, 1966
Page = 2 .

We present below dynamic response data for a medium sand with
some gravel compacted to 100 percent of the maximum dry density as detere
mined by the American Association of State Highway Officials T 180-57
Method of Compaction:

REPRESENTATIVE PHYSICAL CHARACTER(STICS FOR COMPACTED MEDIUM SAND WITH
SOME GRAVEL:

Compressional Wave Velocity (V) 2,000
feet Per Second

Shear Wave Velocity (Vg) 1,000
Feet Per Second

Poisson's Ratio (&) 0.33
Dimensionless

Modulus of Elasticity (E) 78,500
Pounds Per Square Inch

Shear Modulus (G) 29,500
Pounds Per Square lnch

Density ()9 135
Pounds Per Cubic Foot

Should you have any questions regarding the information contained
herein, please contact us, It is requested that this letter be bound with
and become a part of the subject report.

Respectful ly submitted,

DAMES & MOORE

ﬂe,.? p Pl
GeaFge D, Leal éy&'f;o

GDL WGP mI
Twenty Copies Submitted
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September 20, 1966

Bechtel Corporation
P.0. Box 35965
San Francisco, California %4119

Attention: Mr, G, L. Parkinson,
Project Engineer

Gent lemen;

Fourth Supplement

Report of Foundation Investigation

Proposed Nuclear Power Plant = Unit dumber |
Monticello, Minnesota

for the Northern States Power Company

This letter report presents recommendations regarding the location
of low capacity plant sanitary water wells, We understand that two = 100
gallon per minute water wells will be installed; however, both wells will
not operate at the same time, One of the two wolls will act as a reserve
well,

It is our opinian that the wells should be located a sufficient
distance from the plant structures such that if accidential spillage of
effluents occurs at the plant, the effluents would not contaminate the wells,
Based on our knowledge of the subsurface conditions in the vicinity of the
site, and the results of enginecring studies regarding the drawdown chare
acteristics related to the subsurface conditions for a 100 gallon per
minute well, we recommended that the wells be located upstream {(west) and
a minimum distance of 300 feot from the plant site, 1t ls our opinion that
a well located at the rocomronded minioum distance will not cause subsidence
to occur in the vicinity of the proposcd plant arca,
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Bochtel Corporation
September 20, 1960
Page =~ 2

We hope that the information contained in this supplement is that
which you require, It is requested that this supplement be bound with our
report of foundation investigation and previous supplements and become @
part thereof,

Yours very truly,

DAMES & MOORE
S r@%{

Goorge D, Leal

GOL:WGPimf
Twenty Copies Submitted

ce: (5) Northern States Power Corpany
414 Nicollet Avenus
Minneapolis, Minnesota 5. 401

Attention: Mr. Arthur V. Dienhart,
Manager of Enuineering
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September 14 1966

Bechtel Carporation
PO, Box 3965
San Francisco, California 94119

Attention: Mr, G. L. Parkinson,
Project Engincer

Gent lemen

Third Suppiement

Report of Ffoundation Investigation

Proposed Nuclear Power Plant = Unit Number |
Monticel ks, Minnesota

For the Northern States Power Company

This letter presents recommendations regarding methods for roe
stricting the swelling of the silty clay layer which will be exposed during
the excavation operations to be performed slong the common boundary between
the Reactor Building and the Turbine Generator Building. We understand
that it is desired to complete the earthwork operations during fall of
1966 such that the construction of the proposed nuclear facility may be
started early in 1967, The foundation grade in the Turbine Generator
Building area will be established at elevation 906 and in the Reactor
Building area at elevation 850,

in previous reports submitted, we indicated that a stiff to hard
silty clay layer is present near the proposed foundation grades. This
layer is subject to swelling should a source of water be present for the
silty clay to absorb. We recommended that a minimum confining soil prese
sure on the order of 600 pounds per square foot be provided over the silty
clay layer in order to restrict swelling, 1t was reconmended that the
initial excavation be discontinucd, prior to the flooding vf the excavpddon,
at elevation 905, However, the discontinuation of the excavation at eleva-
tion 905 will delay the construction of the Reactor Building. Therefore,
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Bec - el Corporation [i
Sep umber 14, 1965
Figk‘ - 7

in order to attain the final grades in the Reactor
Generator Building areas in fall of 1966, certain

" required to restrict swelling of the exposed
evaluated the problems ass0ci ated with exposi
Our opinion that one of the following three
Lo restrict the swelling of the exposed silt
boundary between these buildings:

Building and Turbine ' .=
procedures will be !
silty clay layer, we have
nNg the silty clay and it is
methods should be considered ¢
y clay layer along the common ;

I = A temporary bers fil!, approximately ten feet in
heignt, could te placed on top of the exposed
silty clay layer along the conmon boundary subsee
quen: to the completion of the earthwork opera=
tion. and prior to flooding the excavation during
the v inter months, This temporary berm will pro-
vide the minimum recommended confining pressure

and could be removed in the spring of 1967, after
the excavation s dewatered,

2 « A continuous dewatering operation can be maintained
subsequent to the completion of the earthwork opera=
tions throughout the winter months and until the sub-
structures are completed. The continuous dewatering

operation would remove the water source and thercby '
prevent swe!ling,

3 - The silty clay layer could be entirely removed from r
under the Turbine Generator Building and replaced
with compacted granular fil),

We have discussed the earthwork o
of the Griffin well vaint Corporation, |t was his opinion that a two stage
dewatering system will be required for the Reactor Building in order teo
complete the earthwoik operations in this area, We were informed that the
lower level of well points could be instal led along the bank of the excavas
tion near the common boundary between the Reac tor Building and the Turbine
Building and 'hat these well points could be buried within the berm U S
The lower well point system could be shuteoff subsequent to the placenent
of the berm fil, allowing the excavation to be flooded, and then re-started
during spring 1967 to dewater the Reactor Building area,

perations with a representat i ve

Prcliminary cost data regarding the operation of the well point

system should it be continually operated, or discontinued over the winter

months, were provided to us by the Griffin wel) Point Cerporation repros
sentative. These cost data are presented below:
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The above bhearieg capaci les are
facters of safety should be applie.

safety of 3 1 satisfactary for dead plus live loads, a4 that a factor

ftinate values and sultable
o At ds sor opinlon that o facior of

of safety on the order ¢f 2.8 iy v, isfactory for dead, live and seismic
loads, Settlement limitations May ‘mpose m:re severe restrictions on the
choice of a suitable besring capsci'y for the varlous struttures,

We trusi that (his supplooent prevides the iaforma'os you ree
quire at thic time, It is reque.tcd that this supplement be bound with

our Report of Fourdation Investigalion and previcus supp leme and become
a part thereof,

YCurs very truly,

DAMES £ MOORE

/g(‘w/e &J %«/

George D, Leal
GOL :mf
Twenty Coples Submitted
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which will consc!idate during the initial'application of the load, buring

earthquake loading, we anticipale negligible gdditional settlement,

The lcwering of the Roesctor Bullding fourdat ion from the previously

planned elevation 898 to the presently planned elevation B90 will redute the

influence of the foundation pre.sures of this building on the settlenent bes

havior of the adjacent Turbine Generator Building, 1t is estinated that the

Turbine Generator Building estatilished at elevation 905 on an earth supported

mat foundation imposirg a desd plus jive load of 3,500 pounds per square faet

on the urderlying soil wil underyo an essentiolly unilorm rotal séttlenent un

the order of chresquarter inch or less., During earthouake loading, we estimate

that an additicoal settlement on the order of ones=sixteenth of an inth or less

could cecur due to consol idation of the granular soils which urderlie the mat

foundation, The earthguake loading will be of such short duration thet nu

consul idat lon of the silty clay layer is anticipated.

The rorth well of the ieactor Building will be subjected to the

hor izontal compensnts of the adjacent Turbine genarater foundation load plus

the lateral pressures due to fill and water. we prescet on Plate | the mag+

nitude and distribution of the ! rizgental compunents of the foundat ion load

of the Turbine Generator Building plus the lateral pressures due to fill and

water,

RESULTS OF CONSCLIDATION TESTS:

several conselidation lests were performed vn representalive undise

turbed sarples of the various {, undation soils which will underlie the pro

posed structures, AL the Lime o submission of our oclginal report, the

GremiovE y 4t BEIVENAEE
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consol idation tests had rot bein completed, These Llest . have since been cot=
pleted, and we present on Plates 2, 3 and 4 the results of the consolidaticn
tests, These tests were perforned in sccordance with 1‘: method described on
Plate 6, Methed of Performing Consolidation Tests. Additional defcriptions
of the procedures used are presonted on Plates 2, 3 and i,

in order to evaluate the swell characteristics of the stiff to rard
silty ¢lay, we performed loadir tests to approximate the figld condilions
which will be imposed on the siity clay layer, The results of these loading
tests are presented on Plate 4.

FOSSIBLE WELL LOCATION:

it has been reguested that we comment on possitle locations for
water welis to be installed within the plant area. The g und water gradient
in the viginity is relatively flat, shallow ground water roves gererally (o=
ward the Mississippi River in the immediate vicinity of the preposed plant,
and deep grourd water moves broodly toward the southeast in the river sed.=
ments overlying the site,

Ground water in the vicinity of the plart ~ay be developed from
either the Mississippi River s Iments, predominartly sacd with gravel, or
fram the underlying sandstone formation, Wells penelrating either ol these
anuifers will cause localized (one=shaped depressicns in the ground water
fable, It is anticipated that 'he area in the immed:ate vicinity of these
wells may undergo some surface subsidence due to the incrvase in inters
granular soil stress caused by the lowering of the woter table, The depressed

water toble will alse cause a localized uround water gradient (oward the wells,

A B e N B s e e A A B el




Because the ground vater gradio ot will ¢ directed tuward {he ells, the vells
should be Yocated o sufficient listance 1:om the plant structures sSuch that
local subciderce will not affect plant cperations and, if accidental spillage
of effluents occurs at the plant, the ef fluents would follow the ratural
ground water gradient rather thun flowing toward the wells,

In view of the above, we suggest that plant water wells be installed
3 substantial stance upstrear from the plant structures. It 1% recormerded

that & test well be installed vostrean fr the plant to determine draw=down

Characteristics, and Lo evaluale water quality and yield potential of the

v | | '
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The following Plates ire attached and complete this supplement:

plate | = Lateral Pressure Design Data

Plate 2 Consolidation Test Data
Plate 3 = Consolidation Test Pata
plate b = Consolidation Test Data

Consalidation Test Date

plate 5

blate 6 = Method of Performing Consolidaticn Tests
Respectfully submitted,
DAMES & MOORE

el I

Willlam i, Paratore
Project Manager
| hGl(’:by carsity thit thie {-[lp:“hmnn!ar\_; report wWas _nrapnr»d ynider
my direct supervision and that | am a duly registered professional engineer
under the laws of the State of Minnesota. It is reguested that this report

be bourd with and become a part of our Report of Foundation Investigation

George D, Leal
Registratior tunber 8131
August 5, 1900

dated July 27, 1966,

GOL WGP ¢h

20 coples submitted
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