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December 13, 1867

The Fluor Corporation, Ltd.
P, 0. Box 7030 East Los Angeles Branch
tos Angeles, California 90022

Attention: Mr D C. Van Dine,
Project Manager

Gentlemen:

Ten copies of our 'Report of Foundation Investigation, Proposed FRO
Plant Project, Near Morris, Grundy County, l1linois for the General Electric
Company" are herewith submitted.,

The scope of our studies was planned in collaboration with Messrs,
D. C. Van Dine, R, V. Bierman, D. C. Morrison, and F. Burrows of The Fluor
Corporation, Ltd. Our work was performed under The Fluor Corporation, Ltd.
purchase Order No. 4204-0-003 dated October 20. 1967 and Supplement No. 1 to
purchase Order No, 4204-0-003 dated November 1, 1967.

A rough draft of this report was submittea to you for your review
and comments on December 1, 1967. Should you have any questions regarding the
contents of tnis .eport, subsequent to your final review of it, please do not
hesitate to :contact us.

Yours very truly,
DAMES & MOORE
James B. Thompson
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REPORT OF FOUNDATION INVESTIGATION
PROPOSED FRO PLANT PROJECT
NEAR MORRIS, GRUNDY COUNTY, ILLINOIS
FOR THE

GENERAL ELECTRIC COMPANY

SCOPE

This report presents the results of our Foundation Investigation per-

formed at the site of the Proposed FRO Plant Project to be constructed near

Morris in Grundy County, 11linois for the General Electric Company. The site

is located in Section 35 of Township 34 North-Range 8 East and is shown with

respect to the center of Section 35 and the existing Dresden Power Plant on

the Key Plan shown on Plate 1, Plot Plan. The locations of the proposed struc-

tures are also shown with respect to the center of Section 35 on Plate 1,

The purposes of our foundation investigation were as follows:

1 -

To explore the subsurface soil, rock and ground water
conditions at the site of the proposed construction to

the depths which will be significantly affected by the
proposed construction.

To evaluate, by the performance of laboratory tests, the
strength and compressibility characteristics of the soil
and rock which underlie the site that will influence
foundation design and construction.

To select the type or types of foundations which, in our
opinion, will provide satisfactory support for the proposed

construction.
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L - To provide the data required for the design of suit-
able foundation types including allowable bearing
pressures and anticipated movements.

S - To provide data regarding lateral soil and water
pressures to be utilized in design of substructures.

6 - To provide recommendations regarding earthwork opera-
tions that will be required at the site including
stripping, excavating, and the placement and compaction
of fill materials,

7 - To provide data required for the design of pavements.

8 - To investigate possible sources of backfill material
and obtain preliminary cost data for suitable backfill
material.,

9 - To provide our opinion as to the feasibility of the
utilization of a leach field in connection with a
sewage treatment plant.

The results of our field explorations and laboratory tests, which form

the basis of our recommendations, are presented in Appendix A of this report.

STRUCTURAL CONSIDERATIONS

The Proposed FRO Plant Project will include the following facilities:
iHain Process Building with attached vaults, Sand Filter, Exhaust Fan and
‘Emergency Equipment Building, Shop and warehouse Building, Utility and Service
;Building, Fluorine Building, Administration Building, Stack, miscellancous

appurtenant facilities, railroad, roadways and parking lot. The location of the

DAM. S 13 MOORY:
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various facilities are shown on Plate |I. A summary of the approximate plan

dimensions and foundation elevations are presented below:

APPROXIMATE PLANT APPROX I MATE
D IMENS [ONS FOUNDATION ELEVATION™
FACILITY FEET FEET
Main Process Building 85 x 180 500 to 530
Cladding Vault 30x 80 476
Asphalt Vault 56 X 85 476
Chemical Vvault 30 x 35 483
Exhaust Fan and
Emergency Equipme: : Building 15 x 75 e
Sand Filter 75X 75 518 to 522
Shop and Warehouse Building 50 x 70 ot
Utility and Service Building 50 x 70
"Tluorine Building 35 X 70
Administration Building ‘ 60 X 70

A1l Elevations presented in this report refer to U,5.G.S. Datum.
#*Established near the final grade.

We understand that the final grade at the site may be raised by

}approximately four feet by the placement of controlled compacted granular fill,
¥ We understand that the Main Process Building will consist of waste and
k]
ifuel storage basins, a central process area called the ''canyon' and personnel

"or operating areas surrounding the Ycanyon.!" The waste and fuel- storage basins
1

“will be filled with water and will have foundation loads ranging from approximate-

]
iily 6,000 to 8,000 pounds per square foot. The 'canyon' is a heavy walled

j
g
[
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‘concrete structure approximately 30 feet by 100 feet in plan dimensions and

90 feet in height. The foundation loading in the ‘'canyon'' will range from
.approximately 8,000 to 10,000 pounds per square foot. Qperating levels surround-
ing the 'lcanyon" will be of conventional steel and concrete construction with
column loads on the order of 50,000 to 200,000 pounds.

A one hundred twenty-five ton cask unloading crane will be installed

.on the northwest corner of the Main Process Building. The crane will ride on
‘rails approximately 40 feet above the ground and will deliver loads on the order
'of 200,000 to 300,000 pounds to the frame support foundations,

The storage vaults which will be utilized for storage of radioactive
waste material will have foundation loads on the order of 6,000 to 8,000 pounds
.per square foot. We understand that it is presently planned to over excavate the
rock adjacent to the storage vaults to facilitate the enlargement of the vaults
at a later date. The over excavated area will be backfilled at the present
time during construction of the presently proposed storage vaults.

The sand filter which will be utilized for final filtration of air
prior to exiting the plant will impose a foundation pressure of approximately
2,000 pounds per square foot to the supporting rock.

The remainder of the structures will be of steel construction, will

%be one-story in height, and will be relatively light. There will also be
-miscellaneous foundations for equipment and tanks,

f We understand that a stack to be constructed at approximately coordinates
%South g50 feet and East 410 feet will be approximately 300 feet in height and will

%be approximately four feet in diameter. The stack will be designed to resist

wind loads of up to approximately 110 miles per hour and will be guyed.
I

DAMEL @ MOORE
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We also understand that the proposed pavements will be subjected to

‘H-20 loading.

SITE CONDITIONS

The ground surface at the site Is relatively level with some minor
surface undulatlonsexcept in the south-west corner of the site where the
topography slopes gently to the southwest. The ground surface elevation ranges
from approximately 530 to 534 and slopes downward to approximately elevation
527 in the southwest corner. The surface vegetation consists of grass and weeds
east of approximately coordinate East 350 feet. The portion of the site which
is west of this coordinate is under cultivation and the soybean crop had been
harvested prior to our fleld investigation. A few trees are located approximate-
ly along coordinate East 350 feat,

The subsurface conditions at the site were investigated by drilling
ten test borings and by excavating 55 additional test borings at the locations
shown on Plate 1. A summary of the ground surface elevation, thickness of soil,
elevation of the bedrock surface, and the type of rock encountered at each
boring location is also presented on Plate 1.

The test borings revealed that the site is blanketed by a layer of
.sol1 which ranges in thickness from approximately 4 to 42 inches and which has
an average thickness of approximately 12 inches. The soil rests on an undulating
;bedrock surface which has resulted from erosion. The soil generally consists
of topsoil which has low strength characteristics and is compressible, Where &
.greater thickness of soil 1s present, the soll generally grades with depth to

moderately flrm, compressible silty clay.

DAMES 2 MOORE
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At tiie location of Boring 61 (near the intersection of the Proposed
Railroad and the County Road), a 6.8 foot thick layer of soil cover was en-
countered which was moderately firm and was underlain by shale, Boring 60
was approximately ten feet south of Boring 61 and sandy limestone was encounter-
ed at a shallow depth (0.5 feet) in Boring 60. The difference in the thickness
of the overburden soils and in the type of bedrock encountered in Borings 60 and
61 can be explained by erosion since the shale in Boring 61 is encountered at
aporoximately the same elevation as in certain other borings at the site.

The upper 70 feet of bedrock is of primary concern for the proposed
construction. The rock strata encountered in our field investigation are inde-
scending order the Pottsvill (7 sandstone of Pennsylvanian age, the Divine
limestone member of the Maquoketa Formation which is of Ordovician age, and the
Maquoketa shale which is also of Ordovician age.

Sandstone was encountered near the surface in Borings 1, 6, il, and 34,
This sandstone is predominantly composed of subangular fine to medium quartz
grains which are poorly to moderately cemented by calcium carbonate. 1In Boring I,
six feet of sandstone was encountered and the sandstone extended to approximately
-elevation 523.

The Divine limestone was encountered near the surface in most of the

‘remaining test borings. The upper one to three feet of limestone is generally

weathered, fractured, sandy, slightly pitted due to ground water, and in most
cases interlayered with one to two inch thick seams of sandy clay. The lower
unweathered portion of this material is a coarse crystalline, partly fossiliferous,
dense limestone. The maximum thickness of limestone was measured in Boring 1

where 46 feet was encountered. The limestone generally extends to approximately

DAMES £ MOORE
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elevation 508 to 524 with the exception of Boring 1 were it extends to approximate-
\y elevation 471. The limestone is underlain by the Maquoketa shale. The
QMaquoketa shale Is, for the most part, a dense, gray calcareous shale. The upper
one to three feet of shale is generally greenish gray which characterizes the

transitional zone between the shale and the overlying limestone and generally
contains a layer of clay (weathered shale) which ranges in thickness from

1 to 2! inches in the test borings. The Maquoketa shale extends to the depths
penetrated by the test borings. A more detailed description of the subsurface
conditions is presented on the Log of Borings in Appendix A,

In summary, most of the site is underlain at shallow depths by lime-

stone which is approximately 6 to 24 feet in thickness with the exception of

the southwest portion of the site, vicinity of Boring 1, where a six foot layer
of sandstone is preéent near the ground surface. Occasional pockets of sandstone
may be present throughout the site as indicated by Boring 34. The sandstone in
Boring | is in turn underlain by approximately 46 feet of limestone, The
difference in the surface bedrock type and the difference in thickness of the

1 imestone between Boring 1 énd the remainder of the borings can be explained by
normal faulting which is also prevalent at other locations in the vicinity of

the site. Based on the results of the test borings and several additional test
pits, we have found that an inactive fault is present within this portion of the
'site and have been able to establish the approximate location of the fault. The
rexistence of this fault is further substantiated by a careful study of areal
;photographs of the area. The approximate location of the fault is shown on
‘Plate 1. The fault appears to be an inactive, small normal fault which trends
:in a northwest-southeast direction, dips down to the southwest and has undergone

bapproximately L0 feet of vertical displacement. To assist in the visualization

[
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of the relationship between the various rock strata to the fault, a subsurface
section has been prepared and is presented on Plate 2, Subsurface Section A-A,

Previous geologic studies performed in this region indicate that this
region has undergone a complex series of faults and that the faulting had
occurred prior to the deposition of the Pottsville (7) sandstone.during the’
Pennsylvanian age since there is generally no evidence of faulting within the
Pottsville (7) sandstone. This geologic evidence indicates that these faults
are inactive and have been inactive for millions of years. Therefore, it can
be concluded that the fault which is present on the site is also inactlive and
has not undergone any movement for millions of years.

Surface drainage is relatively poor at the site since the bedrock sur-
face is undulating and entraps the surface water, A perched water condition
exists at the site due to the relatively impermeable limestone and shale which
underlie the site, The perched water condition is present within the upper frac-
tured and weathered limestone that contains seams of sandy clay and is generally
encountered above a depth of four to five feet below the existing ground surface.
The true ground water level was not encountered within the depths of the test
borings.

The maximum depth of frost penetration in the vicinity of the site
is on the order of four feet. Discussions with a representative of the water
department in Morris, lllinois, indicated that all water lines in Morris are
installed at depths of approximately 4.5 to 5§ feet b dow the ground surface to
-protect them against freezing, The City Engineer of Joliet indicated that all
}water lines in Joliet are installed at a depth of five feet below the ground

surface to protect them against freezing.

DAMES & MOORE
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DISCUSSION AND RECOMMENDAT | ONS

.GENER\L:

It is recommended that the proposed facilities be supported on either
conventional spread foundations and/or mat foundations established within the
bedrock. Recommendations and data pertaining to the design and installation of
foundations to resist vertical and horizontal loads and the design of substruc-
ture walls are ptresented in subsequent sections, FOUNDATION DESIGN DATA and
DESIGN OF SUBSTRUCTURE WALLS,

Earthwork operations at the site will consist of clearing, grubbing,
stripping and filling, Approximately four feet of fill may be required to atrain
the plan grade. In addition it will be required to excavate rock to attain the
plan grades. A guide specification for rock excavation is presented in
Appendix B of this report. Detailel recommendations for the earthwork operations
and rock excavation are presented in the focllowing sectiun.

EARTHWORK OPERATIONS AND ROCK EXCAVATIONS:

Clearing and Grubbing - Clearing and grubbing operations will be re-

quired to remove a row of trees located on approximately coordinate East 350
feet.

Stripping - tt is recommended that all soil be stripped down to the
bedrock surface from areas to be occupied by structures and pavements. These
soils contain organic material, are generally soft to moderately firm and would
not provide adequate support for structures or pavements. It is estimated that
the depth of stripping may range from approximately 4 to 42 inches and will have

an average thickness on the order of 12 inches. The thickness of soil at each

boring location is tabulated on Plate 1. The stripped soils should not be

DAMES § MOORE
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'utilized as fill within areas which will be subjected to structural and traffic
loads. These soils may be used as general site Fill in areas which are being
Efilled for general site grading purposes only.

Rock Excavation - It will be necessary to make rock mxcavations rang-

ing in depth from approximately zero to 30 feet for the proposed Main Process
;Building, 50 te 60 feet for the proposed storage vaults, and 10 to 15 feet for
Rthe Sand Filter., We also understand: that additional rock excavation will be
‘performed adjacent to the vaults to facilitate future expansion of these vaults.
We understand that the remainder of the structures will nct require extensive
rock excavat ion since they will be established near the existing grade and that
only minor rock excavation will be required in connection with installation of
foundations and utilities,

Since the bedrock at the site is dense and hard, it will be necessary
to blast to facilitate the excavation of the rock. The sides of the excavations
can be excavated vertically and appropriate blastirg operations such as pre-
splitting or smoothing operations should be performed to insure a clean vertical
excavation,

‘The rock obtalned from the excavations will not be suitable for use as
fill within the proposed building and paved areas, The excavated rock will be
suitable for use as fill in general site grading operatious.

It is anticipated that seepage water will enter the excavations througn
the upper one to three feet of fractured limestone which is interlayered with
;thin seams of soil. We do nct anticipate that any significant seepage water
will be encountered within the lower bedrock strata since the limestone and

shale is relatively impermeablie.

£IAGNE L T ANOORE.
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' It is recommended that shale exposed in the bottoms of excavations
tbe protected against freezing, surface water and air exposure by pouring a mud
:Fat immediately upon completion of the excavation, It is anticipated that the
‘banks of the excavations may also be effected by water and air exposure if
%hey are left open for a long period of time, Therefore, it would be necessary
;}o scrape the banks and remove any of the shale which has softened prior to
ikouring concrete adjacent to the shale. The scraping would be necessary to in-

‘sure a good oond between the shale and the concrete to prevent a build up of
%ydrostatic pressure on the substructure walls. As an alternate to scraping
ithe banks, it would be possible to cover the banks with plastic, gunite, or an
ksphalt sealer to minimize the exposure of the shale to water and air.
' . Filling - We understand that the final grade may be established approxi=
mately four feet above the existing grade. [t is recommended that all fill or
‘backfill placed to attain the plan grades within the proposed building and
pavement areas consist of clean granutar fill materials, This includes backfill
over foundations, in utility trenches, and in areas in which the rock has been
over excavated to facilitate future expansion of the vaults. It is recommended
that the clean granular materials be placed in layers approximately six to eight
inches in loose thickness. Each layer should be uniformly compacted to a dry
density of at least 95 percent of the maximum dry density as determined by the
American Association of State Highway 0fficials Test Designation T 180-57.

Since there was not any on-site soils which would be suitable for use
as fill materials, we contacted local contractors to investigate possible sources
of fill materials and to obtain representative cost data The following prices

were quoted to Dames & Moore for estimating purposes only and should not be

.considered as firm bid prices:

PDANE LS 12 MOORK
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p 1 - Bohac's Sand Pit

) John F. Kennedy Road
Braldwood, (11linois
Contact: Mr. George Bohac
Phone: 458-6443

i
;!
\ COST DELIVERED
"MATERIAL T0 SITE

iClean Fine Sand $1,60 Per Cubic Yard

" i

iNo.7 Road Gravel™ $1.60 to $1.75 Per Ton

#:As specified In the State of [llinois Standard Specifications for Road and

" Bridge Construction, ART, 118.5, Coarse Aggregate for Gravel or Crushed Stone
_ Base and Surface Course.

' 2 - Leo Fatlan Trucking
Gardner, !linois
Phone: 237-2212

COST DELIVERED

MATERIAL T0 SITE
"Pit Run Sand $2.00 Per Cubic Yard

3 -~ Material Services

Division of General Dynamics
Lockport, (1linois
Phone: 838-0600

COST DEL!VERED

*MATER AL TO SITE

Pit Run Sand $1.80 Per Ton

1t Is recommended that all earthwork operations be performed under

“the technical supervision of a qualified soils engineer.
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FOUNDAT ION DESEGN DATA:

it is recommended that the proposed structures be supported on conven-

ltional spread foundations and/or mat foundations established within the bedrack.
'The foundations can be established at any convenient depth below the final
.proposed grade since the rock will not be affected by frost action. The founda-
tions may be proportioned utilizing the bearing pressures which are tabulated
ibelow or any value up to those listed. These bearing pressures refer to the
"total of all dead and live loads and are net values. Since these are net values,
‘the weight of the backfill over the foundations and the weight of the concrete

in the foundations may be ignored in proportioning the foundations. These bear-

ing pressures include a factor of safety against failure of the rock in excess

of three,
HAX | MUM
RECOMMENDED
BEARING PRESSURE
SUPPORT ING BEDROCK LBS./SQ. FT.
Weathered and Fractured Limestone with soil seams 10,000
Sandstone (Vicinity Boring 1) 20,000
sound Limestone and Shale 70,000

*This bearing pressure should be reduced to approximately 10,000 pounds per

square foot if foundations are established at or within five feet above the
clay layer (weathered shale) encountered at the interface between the lime-
stone and the shale.

(9 2-2 [ E 2L WL ol 23
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It is our opinion that any movement of the proposed structures will
be the result of elastic compression of the supporting bedrock. A review of
‘current published literature and unpublished data indicates that the modulus
of elasticity of limestone is on the order of 1 X 107 pounds per square inch,
shale is on the order of 5 X 106 pounds per square inch, and concrete is on
the order of 3 X 106 pounds per square inch, Analyses utilizing the above
moduli of elasticity indicate that movement of the foundations would be of no
significance to the structure,

It is recommended that all loose or disturbed rock be removed from the
foundation excavations and that the foundations be poured neat. Proviced that
the foundations are poured neat, the horizontal loads acting on the foundations
will be resisted by passive resistance of the bedrock immediately adjacent to
the foundation and frictional resistance on the base of the foundation. It is
recommended that the allowable passive resistance of the rock adjacent to the
foundation be considered as 10,000 pounds per square foot, provided that rock
is continuous for a horizontal distance of approximately one foundation width
from the foundation, is sound, and bears directly against the foundation. If
the foundation is established within the upper zone of weathered and fractured
bedrock, the passive resistance of the rock should be reduced to 2,000 pounds
per square foot. It is recommended that a coefficient of friction of 0.15 be
utilized between concrete and the bedrock. The total frictional resistance will
be the product of the coefficient of friction and the total load on the founda-
tion. The recommended lateral resistances should provide a factor of safety
iin excess of three against failure of the rock,

ANCHOR RODS:

Structural reslistance to the uplift forces resulting from the guy wires

.on the stack may be provided by a system of steel anchor rods, having a plate

1attached to the end, grouted Into holes drilled into the limestone bedrock.

4 DAMES & MOORE
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Reslistance to uplift will be provided through bond between the grout and the
surrounding limestone, It Is recommended that the uplift resistance furnished
by the upper three feet of limestone be neglected since it contains seams of
soil and is weathered. [n areas where sandstone is present at the surface such
as southwest of the fault shown on Plate 1, the anchor rods should be installed
into the limestone and the resistance provided by the sandstone should be neg-
lected. The diameter of the drilled holes into which the anchor rods will be
placed should be at least three times the diameter of the anchor rod, The
minimum penetration of the drilled holes into the limestone should be at least
three feet plus 60 times the diameter of the anchor rods. The plate attached to
the bottom of the rod should be slightly smaller than the drilled holg to allow
the grout to surround the plate, (t is recommended that the allowable bond
between the limestone and the grout be considered as 40 pounds per square inch.

In placing the anchorage system, it is recommended that the drilled hole
be thoroughly cleaned with compressed air subsequent to drilling the holes. The
anchor rods with the steel plate at the end should then be installed and the
hole should be filled with expanding grout.

DESIGN OF SUBSTRUCTURE WALLS:

it is our opinion that all concrete substructure walils stould be pour-
ed neat against the sound bedrock, If the substructure walls are poured neat,
the bedrock will not exert any significant active pressure on the walls, Water
pressures against concrete substructure walls which are poured against the
bedrock will be negligible.

We understand that in certain areas, such as adjacent to the storaye
vaults, the bedrock will be over excavated at the time of the present construc-

tion and that the over excavation will be backfilled with controlled compacted

" granular backfill. Since these soils will become saturated and submerged during

the life of the plant, it is recommended that these walls be designed to resist

il & 3 MOORK
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lateral pressures due to backfill soils and water. The compacted fill material
and water may be assumed to act as an equivalent fluid having a unit weight of
80 pounds per cubic foot,

It would be possible to reduce the lateral pressures acting on the
walls if a continucus concrete cut-off wall was installed within the sound bed-
rock around the periphery of the over excavated area. These cut-off walls
should extend to a depth of approximately five feet below the existing ground
surface through the upper zone of weathered and fractured bedrock and should
encircle the over excavated areas, Extreme care would have to be initiated to
insure that this proposed cut-off system was installed as proposed above and
within sound rock. it would also be necessary to seal the surface of the area
within the cut-off wall to prevent direct percolation of water into the over
excavated area. |f this procedure was followed, the lateral pressures acting
on the wall would then consist of only soil pressures, and the soil could be
assumed to act as an equivalent fluid having a unit weight of 40 pounds per
cubic foot.

It {s our opinion that the substructure walls will not have to be

designed to resist the horizontal components of adjacent foundation loads if

the foundations are established on sound rock.

FLOOR SLABS:

It is recommended that all floor slabs established near the existing
ground surface be underlain by a minimum of six inches of compacted, clean
granular materials, 1t will not be necessary to place granular materials be-

low floor slabs established within the lower bedrock strata.

- PAVEMENT DESIGN DATA:

i
.

e

"
i

4
!
i

il
i
4

we understand that the paved areas will be subjected to H-20 loading,
It is recommended that a flexible pavement be utilized for the proposed paved

area. The pavement section should consist of a minimum of six inches of elther

DAMES T MOORE
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Grade 7, 8, or 9, Coarse Aggregate for Gravel or Crushed Stone Base and Surface
Courses as defined in Article 118.5 of the State of 1ilinois Standard Specifica-
tions for Road and Bridge Construction, a prime coat, 1.5 inches of bituminous
.concrete binder course, and 1.5 inches of bituminous concrete surface course.
_The bltuminous concrete binder and surface courses should consist of Fine Dense-
Graded Aggregate Type, Class |, Subclass l-11 as defined in Section L6 of the
State of [1linois Standard Specifications for Road and Bridge Construction. All
soil should be stripped from the paved areas prior to placing the base course,
and the rock surface should be relatively rough to prevent slipping of the pave-
ment at the interface of the rock and base course. The base course should be
compacted to a dry density of at least 100 percent of the qaximum dry density

as determined by the American Association of State Highway Officials Test
Designation T 180-57. AIll road construction should be performed in accordance
with the State of (1linois Specifications,

it is ferther recommended that the shoulders and ditches adjacent to

the pavements be graded such as to prevent the accumulation of water adjacent to
the paved areas., In order to facilitate drainage, it may be desirable to raise
the grade of the proposed pavements to insure that the surface water will drain
out of the base course into the ditches.

SEWAGE DISPOSAL SYSTEM:

It is our opinion that it will not be feasible to utilize a leach

field in connection with a sewage treatment plant since the soils blanketing

the site are relatively impermeable and the bedrock is also relatively impermeable,
.PROPOSED RAILROAD:
‘ The portion of the proposed rallroad which lies north of the existing
580unty Road was investigated by walking the approximate route. We were unable
%to dig test pits in this area since the surface soils were soft and would not
ﬁpermit access of a tractor-mounted backhoe.
|
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Our surficial inspectlon, supplemented by shallow probes, indicated
that the low area immediately north of the County Road may contain black organic
silts to depths ranging up to at least three feet. The high area farther north
along the proposed route Is underlain at a relatively shallow depth by sand
and sandstone, The sand and sandstone is overlain by up to 1.5 feet of topsoil.
The thickness of the sandstone is unknown.

It is recommended that test pits be excavated along the proposed rail~
road subsequent to the finalization of the plant location, to define the soil

conditions more accurately,
a=000~=-

The following Plates and Appendices are attached and complete this

report:
Plate 1 - Plot Plan
Plate 2 - Subsurface Section A-A
Appendix A - Exploration and Laboratory Tests
Appendix 8 - Guide Specificatinns For Rock Excavation

Respectfully submitted,

DAMES & MOORE

8.

James B. Thompson
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EXPLORATIONS AND LABORATORY TESTS

QEXPLORATIONS:

'O
; The subsurface conditions at the site were investigated by drilling

"ten exploration test borings with rotary-wash type drilling equipment to depths
,ranglng from approximately 20 to 73 feet below the existing ground surface. An
add:tuonal 55 shaliow test borings were excavated with a tractor-mounted backhoe

‘to depths ranging from approximately one to seven feet below the existing ground

+surface to define the upper surface of the bedrock at the site. Graphical re-

)presentations of the soils and rock encountered in Borings! through 5, and 3, 1,

. 19, 29, and 30 are shown on plates A-1A through A-1H, Log of Borings. The resuilts

fof the remaining borings are summarized on Plate | presented in the text of
iithe report. The method utilized in classifying the soils is defined by the
.iUnified Soil Classification System presented on plate A-2. Undisturbed samples
"of the subsurface soils were not obtained since the bedrock was encountered

at a very shallow depth, Continuous cores of the underlying rock strata were

" obtained by diamond core drilling methods.
The locations of Borings 1 through 28 were staked in the field by

a survey crew from Reiter & Associates of Joliet, lllinois. The locations of
. Borings 29 through 65 were staked in the field by the Dames & Moore Field
iEngineer. The elevations of Borings 1 through 41 and 49 were determined by
Reuter ¢ Associates and were provided to us on Drawing Number SK 5-47.13, Grid
Elevations, FRO Plant Project, General Electric Co., Morris, I1linois. The

\ elevations of Borings 42 through 48 were obtained by the Dames & Moore Field
';Engineer by leveling from the borings located on coordinate East 700.0 feet

i (Borings 35 through 41) to the locations of these borings. The elevations of

‘.Borsngs 49 through 65 were obtained by interpolating between the elevations
i

’
“
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i A-2

]
3presented on the Drawing Number SK 5-47.13, Grid Elevations, FRO Plant Project,
b

?General Electric Co., Morris, 11linois. These elevations refer to 4,S.G.S.
| .

%Datum.

QLABORATORY TESTS:

9

'g Since the soil cover was very thin and generally consisted of topsoil,
ithere were no laboratory tests performed on the soils at the site.

1 Unconfined compression tests were performed on selected rock cores to
ﬂdetermine the strength characteristics of the various rock strata penetrated

?by the borings. The unconfined compression tests were performed by subjecting
1

?cylinders of rock approximately four inches in height by two inches in diameter
i

;to an incremental loading rate unti] failure of the sample occured. Specific
fgravity tests were also performed on selected samples to determine the density
}of the various rock strata. The results of the rock compression tests and the

density tests are tabulated below,

'BORING ELEVATION OF ROCK ULTIMATE COMPRESSIVE DENSITY
iNUMBER CORE, FEET TYPE STRENGTH, LBS./SQ. IN. £85,./CU, FT.
i 3 525.5 Limestone 20,127 -
.3 512.5 shale 8,854 -
L 511.5 Shale 10,127 -
T 501.5 shale 6,497 -
L 481.0 Shale 8,471 -
$ b 471.5 shale 8,662 -
5 525.5 Limestone 10,573 -
14 527.0 Limestone 11,548 -
14 507.0 Shale 9,286 -
14 596.0 shale 6,242 -
S L 467.5 shale 7,738 -
19 523.5 Limestone 6,786 -
19 517.5 Shale 10,268 -
29 527.0 Limestone 12,675 168
29 509.0 Limestone 11,656 -
©29 506.0 shale 8,662 157
29 4840 shale 5,096 -
29 467.0 shale 6,401 160
L 30 527.5 Limestone 14,204 6L
. 30 516.0 Limestone 16,561 -
-« 30 510.5 Limestone 14,013 171
30 507.0 Shale 12,038 161
h --{‘,OQ--
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The following Plates are attached and complete Appendix A:

Plate A-'A
Plate A-18
Plate A-IC
plate A-1D
Plate A-1€
Plate A-IF
Plate A-1G
Plate A-1H

Plate A-2

Log of
Log of
Log of
Log of
Log of
Log of
Log of

Ltog of

Unified Soil Classification System

Borings (Boring 1)
Borings (Boring 2 and 3)
Borings (Boring L)
Borings {Borings 5 and 9)
Borings (Boring 14)
porings (Boring 19)
gorings (Boring 29)

Borings (Boring 30)
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APPENDIX B
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GUIDE SPECIFICATION FOR ROCK EXCAVATION

'] - CLASSIFICATION

P T vt o Tk e

pock excavation Includes ail solid rock in place which cannot be re-

Imoved until Jeosened by blasting, barring, or wedging and all boulders or

g e B2

ldetached pleces of solid rock more than one cubic yard in volume. Sollid rock

junder this class, is defined as sound rock of such hardness and texture that it

“cannot be loosened or broken down by hand-drifting picks. Solld rock would

Einclude sandstone, shale, and limestone which are hard and dense. (All of the

éexcavations in rock at the site would be classified as rock excavation.)

n2 - EXCAVATION

s

) when indicated or approved elevations have been reached, rock bottom
ésurfaces shall be laveled off to a tolerance of plus zero, minus L4 inches, after
~all loose rock is removed. Where errbreak of rock results in dropping eleva-
Etions of rock bottom surfaces below & inch tolerance, overbfeak shatl be filled,
*by Contractor, up to indicated or approved elevations with the same concrete as
éspecifled for the foundations. All labor, tool, equipment, and material costs,
éassociated with such concrete fill, shall be for Contractor's account and shall

~not be reimbursed by Engineer-Designer.

vertical rock faces, or faces steeper than Ls degrees from the hori-

TAILOER e T

zontal, shall be held to the lines shown on the drawings with zero underbreak

s tolerance and 6 inches overbreak tolerance. Should an overbreak of any vertical
face exceed the 6 inch tolerance, Contractor shall, from monies due him, reimburse
the Engineer-Designer at the rate of _____ per cubic yard for the total number

iof cubic yards of excessive overbreak as determined by actual survey.

OAMES 8 MOORR
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If, in the opinlon of Engineer=Designer, the uppermost (1 to 3 feet)

" stratum of rock Is consldered excessively weathered, the above six Inches over-

break tolerance will not apply.

Contractor shall carefully scale all vertical rock surfaces, or surfaces
sufficiently steep to cause rolling or falling, to remove all loose material
regardless of size. Survey to determine overbreak (or underbreak) will Lo
performed only after the removal of all loose material.

A1l shale foundation surfaces shall be protected from freezing, water
and air-slaking immediately upon completion of the excavation to the plan grades.
The protection should consist of the placement of a concrete mud mat over the
bottom of the excavation.

It will also be necessary to protect the side slopes established within
the shale from exposure to water and air-slaking. {f the Contractor selects
not to protect the side slopes, the Contractor must scrape the shale banks
prior to pouring concrete adjacent to the shale to remove aay shale which has
softened. The scraping is required to insure a good bond betwee: the shale
and the concrete. The method of protection or scraping should be proposed by
the Contractor and approved by the Engineer-Designer prior to. .

3 - Blasting

3.1 Blasting shall be performed only when proper precautions are
taken for protection of persons, the work, private property, etc.
Caps or other exploders or fuses shall in no case be stored
or transported in same place In which dynamite or other explosives
are transported. Location of storage magazines, methods of trans-
portation and, in general, precautions taken to prevent accidents
shall, at all times, be subject to approval of the Engineer-Designer,
but the Contractor shall at all times be liable for any injuries

to person or property caused by explosives.

DAMES £ MOORE



X2y e Al s KL Al Pl

3.2

3.3

3.4

3.5

B-3

Every possibie precaution shall be taken in blasting operations

¢ 3

to preserve rock outside limes of excavation.in the soundest
possible condition. As an excavation approaches its final
lines, the depth of the holes for blasting, the amount of
explosives used per hole, and the volume of rock blasted
shall be reduced progressively. Blasting shall be done
only to lines and grades indicated on drawings or as approved
by the Engineer-Designer.

Explosives shall be of such quantity and power and shall be
used in such locations as will not tend to open seams, or to
crack or damage rock outside prescribed Vimits of excava-
tion. 1f needed, firlng of blast shall be controlled by

use of delayed explosives. Whenever, in the opinion of

the Engineer-Designer, continuation of blasting may injure
rock on which or against which concrete is to be placed,

use of explosives shall be discontinued and excavation shall
br completed by wedging, boring, channeling or other
suitable means.

Contractor shall submit plans and methods of operation for
rock excavation work before work is started. Approval of
method of blasting or of strength and amount of explosives
used will not relieve Contractor of responsibility for
blasting operations,

For blasting, Contractor shall employ a supervisor thor-
oughly experienced in this type of work and shall at all
times maintain rigid inspection to sce that intent of these

requirements are fully compliied with,

DAMES 2 MOORE
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’ 3.6 Contractor shall maintain a complete and detalled record
i ’ of blasting operations, in a form approved by the Engineer-~
Designer and shall submit coples of such records to the

Engineer-Designer.

- =% BRT L.

3,7 All blasting shall conform to applicable requirements of

the Health and Safety regulations of the Industrial Com-

mission of the State of l1linois.

L. ROCK DISPOSAL

Contractor shall dispose of the rock obtained from the excavation in

. the respective areas indicated on Drawing No, .

]
.

-
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February 29, 1968

The Fluor Corporation, Ltd.
P. 0. Box 7030 East Los Angeles 8ranch
Los Angeles, California 90022

Attention: Mr. D. C. Van Dine
Project Manager

Gent lemen:

supplement = Report of Foundation fnvestigation
Proposed FRO Plant Project

Near Morris, Grundy County, Iilinois

For The General Electric Company

This supplement presents the results of additional site investigations
conducted subsequent to our Foundation investigation performed at tne site of
the Proposed FRO Plant Project to be constructed near Morris in Grundy County,
11l1inois for the General Electric Company. The report of our Foundation
Investigation was submitted to The Fluor Corporation, Ltd. on December 13,

1967. The scope of our additional investigations was planned in collaboration
with Mr. R. V. Blerman of The Fluor Corporation, Ltd.

$cope ~ Subsequent to the completion of our foundation investigation,
we received verbal information from The Fluor Corporation, Ltd. concerning a
possible change in the depth and configuration of the cladding and asphalt
vaults. Originally the vaults were to be rectangular and were to extend to
a depth of approximately 50 feet. For this reason, the deepest boring previous-
ly drilled at the site penetrated to a depth of 70 feet. We understand that
these vaults may now be approximately 50 feet in diameter and may extend to
a depth of approximately 85 feet below final grade. Since we anticipated a
change In the type of rock from shale to dolomite near the proposed base of
the vaults, we recommended that an additional boring be drilled to a depth of
about 100 feet near the location of our previous goring 13. The purpose of
the additional boring was to define the quality and type of rock near the
proposed base of the vaults. It was proposed that a piezometer be installed

in the boring to establish the water conditions near the proposed base of the
vaults.
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In addition, it was requested that we make a visual inspection of
the portion of the route of the proposed railroad which lies north of the
existing County Road. The purpose of this inspection was to determine if there
were surface indications of any relatively deep soil deposits which would not
adequately support the proposed railroad and which should be investigated by
test pits. We understand that relatively shallow organic silts a few feet in

" depth are anticipated along the route and will not require subsurface investi-
. gation,

subsurface Conditions - "he soil and rock penetrated by the boring

. was essentially the same as revealed by the previous borings which extended

to a depth of 70 feet. A thin layer of surface soil was underliain by the
Divine Limestone which was underlain by the Maquoketa shale. At a depth of
80 feet, the Galena dolomite formation was encountered. The dolomite extended

_ to the depth penetrated by the boring.

The -1ower four feet of the Maquoketa shale, between elevations

' 451.3 and 455.3 is not as sound as the shale above. |1t contains seams of weak

shale interbedded with dense shale. The Galena dolomite is a dense, light gray
crystalline and fossiliferous dolomite with some vesicles. The dolomite con-

. tains some moderately fractured zones below about elevation bih,

A piezometer was installed in Boring 66 as shown on the sketch to
the left of the log of boring on Plate A-11. The bottom of the well point
was placed within the dolomite stratum at a depth of about BL4.5 feet below
the existing ground surface. The water level in the piezometer tip was
isalated from the water level ebove the shate stratum. Thus, water level
measurements taken in the piezometer reflect the water condition in the

dolomite above the piezometer tip elevation. Measurements recorded at various
time intervals are as follows:

" ELAPSED TIME AFTER DEPTH OF WATER LEVEL BELOW GROUND SURFACE
SETTING PIEZOMETER (FEET)
(HOURS ) (GROUND SURFACE 1S AT ELEVATION 531.3)
Initial 11.0
1 63.5
L7 ' 82.6
110 Below piezometer tip depth of 84.5

e w9 s gopn—,
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The water in the piezometer is the water that was in the borehole
during piezometer installation. The water level dropped in the piezometer
to below the piezometer tip elevation as equilibrium was established. Based
on these measurements, it is our opinion that the present static water level
in the dolomite stratum Is below about elevation 447 at the location of the
proposed vaults. |1f there is any significant fluctuation of the water level
in the dolomite stratum, the water movement will take place primarily along
joints or fractured zones. Thus, it is conceiveable that the water level
could periodically rise above the present level. For this reason, it is
recommended that additional readings be taken periodically, prior to and

during construction operations atthe site,

Recommendations - The proposed vaults may be established on conven-
tional spread foundations or mat foundations established within the shale or
the dolomite. We understand that the maximum bearing pressures for the vault
foundations will be on the order of 10,000 pounds per square foot. If tre
vault foundations are established in the shale between elevations 451 and 460,
it is recommended that the maximum bearing pressure not exceed 10,000 pounds
per square foot. If the foundations are established within the dolomite
stratum, the maximum bearing pressure can be increased, but should not exceed

70,000 pounds per square foot. These bearing pressures refer to the total of
all dead and live loads.

Qur previous recommendations pertaining to rock excavation and
design of substructure walls presented in the subject report are applicable
for the revised vaults. The excavations for the vault can be successfully
accomplished by blasting while maintaining vertical sides on the excavation.
it is anticipated that there will be no significant seepage water entering
the excavations from the dolomite stratum.

We made a visual inspection of the proposed railroad alignment
north of the County Road between stations 0 + 00 and 24 + 83. There is no

: surface evidence of any deep zones of soil which will not adequately support

the proposed railroad. Previous surficial inspection, supplemented by shallow
probes, has indicated the presence of organic silts to depths of at least
three feet. It is possible that there could be deeper zones of unsuitable

soil, but there is no surface evidence to indicate they would extend over a
large area.

Explorations - The additional test boring, Boring 66, was drilled
immediately adjacent to Boring 13, which is shown on piate 1, Plot Plan, of
the subject report. The boring was drilled with rotary wash type drilling
equipment to a depth of 102.5 feet. Continuous cores of the rock were obtained
by diamond core drilling methods. A graphical representation of the soils
and rock encountered in Boring 66 is shown on Plate 11, Log of Borings.

DAMLS 2 MOORE
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A piezometer was installed in the boring as shown on Plate A-11. :

! Upon completion of the test boring, the hole was flushed with water in order

to remove cuttings from the shale which may have partly sealed the sides of
the hole in the dolomite. The hole was then bailed to a depth of about 30 feet !
where the capacity of the bailing equipment was reached. A one and one-quarter .
inch inside diameter steel pipe with a 30-inch long well point attached was
placed into the hole and the hole was backfilled to elevation 450.5 with ciean

_sand. A 100 pound bag of cement grout mix was placed in the hole to form a

seal around the piezometer pipe in.the shale and to prevent surface water from

entering the dolomite stratum. The hole was backfilled to the ground surface
with soil.

—-000--

It is requested that this supplement be bound with and become a
part of the subject report.

Yours very truly,
DAMES & MOORE
ames B. Thompson

JBT:PSF:ac
Ten Copies Submitted
Attachment: Plate A-11 - Log of Borings
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APPENDIX B-3

EARTHQUAKE AND WIND ANALYSIS
PLANT EFFLUENT STACK

NOVEMBER 1968

Morris Operation
General Electric Company
Morris, Il1linois



REPORT ON THE

EARTHQUAKE AND WIND ANALYSES OF THE

PLANT EFFLUENT STACK

FORTHE

MIDWEST FUEL RECOVERY PLANT

This report presents the results of a dynamic earthquake analysis and wind
analysis of the plant effluent stack. In the earthquake analysis, a mathematical
model of the stack is subjected to the design earthquake and the time-history of the
stack's response is determined with the aid of an electronic computer system. The
same mathematical model is subjected to a set of static forces representing the
design wind and the stack’s response is determined. The influence of wind induced
vibrations is discussed.

ANALYTICAL CRITERIA

The analysis was based on the following data taken from Reference 1:

1. Design Earthquake

North-South component of the 1940 El Centro earthquake norraalized to 0.10g.
2. Design Wind
110 miles per hour.

3. Damping
Plant effluent stack — 0.01

I1-2



STACK DESCRIPTION

The plant effluent stack is a guyed, steel stack 299 feet in height. The stack is
supported at the base by a concrete footing and is laterally restrained by two layers
of cable guys as shown in Figures 1 and 2. The cross section of the stack consists of
3/8-inch thick steel plate and 16 gage stainless steel liner as shown in Figure 3. Only
the steel plate is included in the section property calculations. Data for the stack was
taken from Reference 2.

ANALYTICAL METHOD

The steel stack was idealized as a model consisting of 29 lumped masses supported
by weightless elastic columns and lateral springs representing the cable guys. The
elastic properties of the columns were determined by computing the moment of
inertia and effective shear area of the stack elements between mass points.

The cable guys laterally supporting the stack are nonlinear springs, their actual
restraining effect being a function of the cable sag, geometry, and also the direction
of the applied forces if the initial prestress force is exceeded in the “compression”’
cables. Since the analyses used for this report assume a linear, elastic behavior of the
structure, the effect of the cable guys nonlinear behavior is apprc.umated by
determining the stack's response for a range of linear cable spring values.

The mathematical model used for the analyses is shown in Figure 4. Cross
sectional properties, weights, and cable stiffness details are presentcd in the
calculations.

1. Earthquake Analysis

The analysis used to obtain the earthquake response of the mathematical model is
based on standard equations of motion for damped linear systems. Specifically,
the matrix equations used to find the periods and mode shapes of the system and
the time history response can be found in Reference 3 under the heading of
“Exact Analysis”’.

A total of eight modes was considered in the analysis with a damping value of one
percent of critical assumed for each mode. A complete time history of response’
was determined using an IBM 360/65 computer system, and the maximum results
plotted.

2. Wind Analysis

The wind analysis was performed on a static basis using the complete range of
cable spring values, and the loading pattern shown in the calculations.



DISCUSSION OF RESULTS

1. Lateral Vibrations

The lateral periods of vibration are summarized in Figure 9 for the most flexible
and most stiff cable support conditions. The ovaling frequency of vibration was
found to be about 22 cycles per second and is shown in the calculation.

2. Shears, Moments and Displacements

The envelope of maximum shears, moments and displacements are shown in
Figures 5, 6 and 7 for the design seismic condition; and Figures 10, 11 and 12 for
the 110 MPH wind condition. The seismic results should be doubled when
reviewing for the 0.20g ground acceleration earthquake.

3. Cable Guy Forces

The maximum forces in the cable guys are summarized in Figure 9 for the design
seismic condition and Figure 13 for the 110 MPH wind condition. The cable
forces shown in Figure 9 should be doubled when reviewing for the 0.20g ground
acceleration earthquake.

4. Horizontal Accelerations

The envelope of maximum, seismically induced absolute accelerations are shown
in Figure 8 for the design seismic condition and should be doubled when
reviewing for the 0.20g ground acceleration earthquake.

5. Wind Induced Vibrations

Lateral and ovaling vibrations produced by the shedding of the Karman vortex
was investigated and the summary of this investigation is presented in the
calculations. Based on the results shown, it is concluded' that wind induced
vibrations will not be a significant factor in the structural degign of the Plant
Effluent Stack.
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MIDWEST FUEL RECOVERY PLANT

PLANT EFFLUENT STACK
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H.J. SEXTON & ASSOCIATES, ENGINEERS
SAN FRANCISCO « MENLO PARK, CALIFORNIA

MOWEST FUEL RECOVERY PLANT

PLANT EFFLUENT STACK

SE/SMIC RESULTS

PERIODL RANGE
MODE PERIOD [SECOND)

FLEX/BLE CASE| STIFF CASE
/ 3./3 /48
2 /.46 /.03
3 0.58 0.57
< 0.28 0.28
Ty 077 0.7
G 0./7 0.//
7 0.08 0.08
8 0.06 0.06

MAXIAIUM FORCE IN EACH BUY

—my

URPER GUY
LOWER GuY

9,50 K/FPS
8.78 R/PS

NOTE: ABOVE FORCES /NCLUDE OR/IGINAL

PRETENSION FORCE

OF 6.8/ K/IRPS

AND 5.67 KIPS FOR THE UPRPER
AND LOWER GUYS, RESPECT/IVELY.

FIGURE 2
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WI/IND  RESULTS
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i
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FIGURE /O
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H.]. SEXTON & ASSOCIATES, ENGINEERS
BAN FRANCISCO ¢ MENLO PARK, CALIFORNIA

MIDWEST FUEL RECOVERY PLANT
PLANT EFFLUENT STACK

WIND RESULTS

AMAXIMUM FORCE IN EACH GUY

UPPER GUY 2.7/ K/PS
LOWER GUY /7.28 KIPS

NOTE: ABOVE FORCES /INCLUDE OR/IGINAL
PRETENSION FORCE OF cd8/ KIPS
AND 5.67 KIPS FOR THE UPPER
AND LOWER GUYS, RESPECTIVELY.

18
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H. J. SEXTON & ASSOCIATES, ENGINEERS
SAN FRANCISCO « MENLO PARK, CALIFORNIA

CALCULAT/ONS
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H. J. SEXTON & ASSOCIATES, ENGINEERS
SAN FRANCISCO + MENLO PARK, CALIFORNIA

o e 73014 oo MIDWEST FUEL RECOVERY PLANT ww 7€ o 8/68
CLIENY FRO SUBJECY p‘ANT EFFL‘/ENr STA CK cuK'Da/& DATE 6/65

LUMPED MASSES

w7, PER FOOT"
W’ STEEL R 490 x 832 FI¢ = 1627 K[F

/6 GA. S5 LINER 7 222 x 2 - 0z6/
/888 K[FI.
MASS PER FOOT: .
./888/32,2 =.00586 £53F<
CABLE
14' HALF WI U x B52 x3/6FT = .8/55 K
HALF MASS .4/65/32.2 - 0729 X-SECZ
1%'E HALF WT N x B2 x 2955 F[ = .2508 &
HALF MASS ,2508/82.2 - 0078 £5£62
MASS PT. 29 = 15 FT x 00586 = .0aq0 £35FC?

MASS PT 24 =IO FT. x .0058G+ 3x.0/29 = 0973 5662

1
MASSE PT /12 w/0FT X 00586+3X,0078= .oaeoi-é‘—-'—?—

TYPICAL MASS = /OFT. X 00586 - 0590 KEECC

i-22



H. J. SEXTON & ASSOCIATES, ENGINEERS
SAN FRANCISCO ¢ MENLO PARK, CALIFORNIA

JOB NO /30/’4 JOB M/DWES? FUEL IQECOVERY pZANf lYEJK DATE 3/68
CLIENT FRO sUsJECY pLANr 5;/2;0[”7- 57:4 CK CHK'D ﬂ’é DATE 6/66

SECT/ON PROPERT/IES

DATA
£ = 30 X /0% K5/
0D = 3.4/7 £T.
/D= 3.35¢ FI.
2 = 375 /N. = 0.03/3 FT. (WALL TH/CKNESS)

AREA= A= 0.785(34/7%-335¢4%) = 0,332 FI'?
MOMENT OF INERTIA = I =0.0¢9/(3.¢/7%3,35¢%)= 0276 r1*

SPRINGS REPRESENTING CABLE GUYS
BAS/C DATA (TAKEN FROM EODWARD'S WIRE ROPE)
E = /12000,000 PS5/
A= 0352 o2
Ky CALCULATION (VPPER LIMIT)
CABLE FROM WER %/ 70 WP *4 (L =3/6")

woks 7 b UNIT DISPLACEMENT
FORCE IN CABLE DUE TO UNIT DISA
0633 T, 22 x 12x10°%.550 =/38.2%
A=550 IN?
CABLES FROM WP *2 £%3 70 we¥d (L =3/C") 2C
wody [/

0.3/57’\ Toe® 2% x 12 x 10°3.55076.6 %
2-¢

MORIZONTAL COMPONENTS IN CABLES
Mg ®.633 X /3.2 = 835K
Mp.g=.3/6 X GG = 2.09
Hy.q ™ /6 X 6.6 =_2.09

TOTAL HORIZ. FORCE =/2.53 K/FT = K,
BASED ON NO SAG ASSUMPTION
REPRESENTS UPPER LIMIT OF SPRING

1M1-24



H.J. SEXTON & ASSOCIATES, ENGINEERS
SAN FRANCISCO ¢« MENLO PARK, CALIFORNIA

o no /3012 o  MIODWEST FUEL RECOVERY PLANT w 7 o s/cs
_C_LIINT FRO SURJECT p‘ANr EFFLUENT SrACK CHK'Ddﬂ DATE 5/68

Ky CALCULATION (UPPER LIMIT)
CABLE FROM WP# 70 WP #5(L=2355")

wo*s //U/WTD/5PLAC'FMEN7'
/'FORCE /N CABLE DUE TO UNIT D/SP
0.8¢9  7,..= 582 x12 x 10X O445 = /92K
A=gas IN?

CABLES FROM WP *2 & #5 70 wP¥5(L»235.5")

weds ¢
0.425 3 - £
a.4z5\_, 7\ rg'f" 0425 x 12 x 10°X 0.445=9.6¢
\ X

HORIZONTAL COMPONENTS IN CABLES
H,.5= O.849 X /9.2 = 16.30°
Hp.5= 0425 X 964 = 4.09
Hs.s = O.425 X 964 = _4.09
TOTAL HORIZ. FORCE = 24,48 K'FI =Kz
TBASED ON -NO SAG ASSUMPTION
REPRESENTS UPPER LIMIT OF SPRING

21
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H.J. SEXTON & ASSOCIATES, ENGINEERS
SAN FRANCISCO » MENLO PARK, CALIFORNIA

son 8o /30 son M/DM/&'.ST FUEL RECO VERY PLANT oy ESK  oatr 8/66
cuonr FRO  suaner PLANT EFFLUENT STACK cixo 7€ oare /68

CABLE ST/FFNESS VARIAT/IONS
BAS/C DATA

W7 OF UPPER CABLE =.83/%

W7, OF LOWER CABLE = .502K

LENGTH OF UPPER CABLE « 3/G°

LENGTH OF LOWER CABLE = 235.5'

UPPER ANGLE ® ARC TAN 245/200 = 50°¢¢’
LOWER ANGLE = ARC TAN /25/200 = 32°00'
TENS/ON /N UPPER CABLE = .06 X 56.8 x 2 = 6,8/%
TENSION N LOWER CABLE =.0G6 x&7.3 K2 = 567X

LPROCEDURE

[ ASSUME MINMUM PRESTRESS FORCE, 75 OF
W/2 cO5 & WHERE W = W], OF CABLE AND ¢ =
ANGLE OF CABLE INCLINATION WITHOUT SA4G,

2 CALCULATE STRETCH /IN CABLE, A

3. INCREASE PRESTRESS, SUCH THAT HORIZONTAL
COMPONENT, H IS ONE KIP GREATER.

£ RE-CALCULATE STRETCH IN CABLE. 27

5.5UBTRACT (2) FROM (&) ANDO DETERM/INE
HORIZONTAL COMPONENT OF RESULT.

C. HORIZONTAL EFFECI/VE SPRING CONSTANT
FOR CABLE /S THEREFORE THE RECIPROCAL
of (5)

7. REPEAT FOR ONE K/P INCREMENTS UP 70
MAXIMUNM PRESTRESS FORCE.



H.J. SEXTON & ASSOCIATES, ENGINEERS
SAN FRANCISCO ¢« MENLO PARK, CALIFORNIA

sou nol30/-4 on MIODWEST FUEL RECOVERY PLANT EJK .. 8/¢8

cumey FRO  wussc PLANT EFFLUENT STACK o 7@ oare 568

CABLE ST/FFNESS VARIAT/IONS (CONTD.)
UPPER CABLE

SIN 50°4G’ » 77458 A =.550 NE
COS 50°46' = 632448 E = /2 X 10%K5/
SEC 50°¢G’ =/1.581/ TAN p = TAN @ ¢ 2430

-./07 +.3/G /4 T5 -.2762

200/ 2 B85/2
A« —-Q-—-AE (sec?g + '—L/em)

AEA = 500K + ’LH“Z

Huriae = 1075

Hrecrmar ™ /07 *.3/G J2(6.8/)° -.2762

-~ G08%
/.5 CABLES ACTING X CO5p X K
~H pa) A DIFF N DIFF Kk=SLOPE K, NORIZ
(X/PS) (FT) (A7) (k/PS) (kiPS/FT) (K/PS/FT)
.07 0244 ' 23
O0/70 S92 23.// 6,66
500 04/4
036/ ,500 /3.85 2.08
/.000 0775
0748 1,000 /3.35 1042
2,000 JSE524
.075¢  /.000 /3.26  /1.02
3,000 2278
L0757 1,000 /3.2/ /1.34
£,000 3035
L0308 .408 /3.2/ / /4
“.408 3343

UPPRER LIMIT FROM PREVIOUS K, CALLS /2.53

m-27



H. J. SEXTON & ASSOCIATES, ENGINEERS
SAN FRANCISCO ¢« MENLO PARK, CALIFORNIA

ron wo 13014 son MIOWEST FUEL RECOVERY PLANT wwEJK  pan 8/68
cuenr FRO  wuanmer PLANT EFFLUENT STACK coco T€  oave 868

CABLE STIFFNESS VARIAT/ONS (CONTD)
UPPER CABLE (CONTD,)

CONSIDER CASE WHERE TWO CABLES ARE AT
MAXIMUM TENSION OF Z TIMES PRESTRESS,
AND OTHER ONE /5 SLACK,

K) =18 KIFT.
THEREFORE, THE APPARENT NET STIFFNESS
RANGE 1S5 BETWEEN ABOUT 4 K/FI. TO A
MAXIMUM OF /2.58 K/FT. FOR THIS ANALYS/S
USE THREE CASES AND SELECT MAXIMUM
RESULTS.

K, VALUES USED

CASE NUMBER K, (K /FT)

/ 4.0
2 8.0
3 /2,0

24
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H. J. SEXTON & ASSOCIATES, ENGINEERS
SAN FRANCISCO s MENLO PARK, CALIFORNIA

/304 ou  AIDWEST FUEL RECOVERY DLANT a Te  oaxe Y68

AENT F’Qo SUBJECT /OLANT fFFL L/ENr SrA CK CHK'DdB DAT‘9/68

CABLE STIFFNESS VAR/IAT/IONS (CONTD)

LOWER CABLE

S/N 32°007 =0.52992 A w O.445 IN?
cO8 32°C00" =087805 E= /2 x 103KS/
SEC 32°00" =1./79/8 TAN p = TAN @+ 202

p= 84405 [.507(52992) 4 /475" - (502 X 5¢805)° |

e 13 4 d2a JATRE - 185

2
A= 2004 (sec?d + 2502

I3 72 M2
AEA = 278K ¥ ‘2/20
Hoprrar = <73 <
”réﬁM/NALE -/"3 + .424 y/d—(567)z"/a/5
=2.923K
& A A DIFF W DIFF  K=SLOPE K HORIZ
(k1PS) ZFT) (<7) (k/PS)  (KIPS/FT) (KIPS/FT. )
/73 O/E28 25
.0/48 387 26./5 /2.93
500 0276
0245 500 20.40 20.3%
/.000 .052/
L0518 7. 000 19.27 2/.70
2,000 /040
L0520 /1.000 /9.23 23,70
3.000 56D
0520 /. 000 /5.23 23.55
4,000 .2080
.0480 .923 /923 23.80
4,923 25460

UPPER LIMIT FROM PREVIOUS Ky CALLS 2448



JOR NO. /-’ 0/ = 4 JOm

H.J. SEXTON & ASSOCIATES, ENGINEERS
SAN FRANCISCO s MENLO PARK, CALIFORNIA

MIODWEST FUEL RECOVERY PLANT o EJK i 8/ct

wr FRO  wuner PLANT EFFLUENT STACK cuxn 7€ pare 8/G8

aI-30

CABLE STIFFNESS VARIAT/IONS (CONTD)
LOWER CABLE (conrb)

CONS/IDER CASE WHERE TWO CABLES ARE AT
MAXIMUM TENSION OF 2 TIMES PRESTRESS,
ANO OTHER ONE /S SLACK,

Ko = 8./6 K, g/
THEREFORE, THE APPARENT NET STIFFNESS
RANGE /S BETWEEN ABOUT 8 K/FI. 70 A
MAXIMUM OF 2448 K/FT. FOR THIS ANALYS/S
UBE THREE CASES AND SELECT MAX/MUM
RESULTS,

K, VALUES USED
. CASE NUMBER Ko (K /FT)

' / 8.0
2 /6.0
3 24.0

26



H.J. SEXTON & ASSOCIATES, ENGINEERS

SAN FRANCISCO = MENLO PARK,
JOB NO. / 5 0/ "¢ JOh

CALIFORNIA

MIDWEST FUEL RECOVERY PLANT o TeH oun 9/c8

TERO  wemeer PLANT EFFLYENT STACK cnwo OB oare 968

o

W/IND LOAD/NG

(299.0)

i

ERREBREREEERE

D
o
s
]

L26.5)

.
;E
&

lé.2

EEEEEEREENEREEE

£ F£00 &

'

.- =31

N N ann N
N Bedxw

P o PsF¥

NN
STXNFaNISSS

pa50 pSE*

prdOPSF

Pe
30P5F™

RO T N N R T

(283)

{700)

(50)

(20)

SHAPE FACTOR = 0.6
BOR CYL/NDER FROM UBC

Pr = rpA; v TRIBUTARY WINOD
LOAD TO MASS (
P=m=ooex 003X8.4/7 X /00
=0.6/5%

£* 06 (0.03x85¢0.06x1.5)x3417
=0ca6*

P, =0GX00EX24/7 X /0.0
~0820%

Py = QG(O.C#XB.57 0.05x/ 513417
=086/%

Py~ Fy = 0GX 0.05X34/7 X 10.0
=2025%

Py= QG(0.05X8.5¢ 0.06X1.5) 5417
- .056%

Py~ By 0.6 X 0.06X 54/7TX/0.0
- 230K

Bg= 0.6 X Q06 X 75X 24/7
=0, 922% 927

A; = TRIBUTARY PROJECTED
AREA 7O MASS POINT ¢

*PRESESURES TAKEN FROM FLUDR SPECIFICATION NG,
5P-4204-00-2 "STRUCTURAL ENGINEERING ANO

DES/GN CRITERIA” PARAGRAPK 2.7.4 (110 MPK WIND).



H.J. SEXTON & ASSOCIATES, ENGINEERS
GAN FRANCISCO o MENLO PARK, CALIFORNIA

o s30) 4 e MIOWEST FUEL RECOVERY PLANT w TeH o9l
LIENT FRO sumiEcy Pl ANT EFFLUENr STACK cnin EJSK pate 5{56-

WIND V/BRAT/ION ANALY SIS
LATERAL V/IBRATIONS DUYE 7O KARMAN VORTEX SHEODING

ar
fzs'b-

£ = FREQUENCY OF VORTEX SHEDOING, IN CYCL £s/s&cC.
S = STROUHAL NUMBER (0./6-022)

e VELOCITY OF WIND, IN FPS

V = VELOCITY OF WIND, IN MPH

D = DIAMETER OF STACK, IN FT.

welf = L (wFps) = 2622 L (I MPH)

D «3.a2/7 FT
S+ 02
v = LEL
— """ MODE - 'EE.SOA/Aﬂf
MODE 1 PERIOD (SEC) VELOCITY (MPH) _ |
FLEXIBLE CASE (CASE / CABLE STIFFNESS)
/ 3./3 40
2 A4~ 8.0
3 0.58 200
4 0.28 4.0 28

S7/FF CASE (CASE 3 CABLE S7/FFNESS)

/ /98 8.0
2 1.03 /7.0
K| 0.57 20.0
<4 0.28 42.0

I1i-32



H.J. SEXTON & ASSOCIATES, ENGINEERS

SAN FRANCISCO » MENLO PARK, CALIFORNIA
onnaddO)-& on  MIOWEST FUEL RECOVERY PLANT TeH  oare 9/68
CLIENT ;‘eo SUBJECT p‘ A’vr EFFLUENr 57:4“ CHKDEJK DATE 9,/66_

WIND VIBRATION ANALY'SIS (CONT D)

SUMMARY OF CONTROLLING RELATIVE ENERGY
INPUTS FOR RESONANT WINDS

(BASED ON ENERGY INPUT OF 8 MPH = [00)

MODE |CRIT/ICAL RESONANT WIND | RELAT/VE
NO VELOCITY (MPH) ENERGY
/ 8.0 7.00
2 /7.0 2./6
3 200 563
4 42.0 0.09

FROM THE ABOVE TABLE, IT APPEARS THAT THE
CRITICAL MODE FOR WIND VIBRATIONS /'S THE
SECOND MODE WHERE THE RESONANT W/IND
(17 MPH) WILL IMPART TO THE STACK AB0OUT
9 TIMESB THE ENERGY AS WOULD THE FIRST
MODE'S 8 MPH RESONANT WIND, HOWEVER,
THIS ENERGY LEVEL /S QRUITE LOW., S/INCE GUYED
STACKSE HAVE PERFORMED QUITE SATISFACTORILY 29
AS FAR AS W/ND V/BRA TIONS ARE CONCERNED,
THE MOTIONS AND STRESSES OUE TO THE
ABOVE WIND INPUTS WILL NOT ADVERSELY
EFFECT THE STACK,

I1-33



H. J. SEXTON & ASSOCIATES, ENGINEERS

SAN FRANCISCO » MENLO PARK, CALIFORNIA
o J30/-d o MIDWEST FUEL RECOVERY PLANT wTe  we9/55_
e FRO__ sunner PLANT EFFLUENT STACK crrcn ESK oare %58 _

WIND VIBRATION ANALYSIS (CONT D)

OVALING VIBRATIONS DUE TO KARMAN VORTEX SHEDDING

£ = #,000 %

= PLATE THICKNESS, IN /N
D= STACK DIAMETER, IN RZ
£« s /v O 3.4/7 FT.

w /320 CYCLES PER MIN.
o 22 CYCLES PER SEC.

veiP 1165 F = 128 MPH < /10 MPH
THEREFORE NEGLECT
STACK OVALING W

RESONANCE WITH

THE KARMAN VORTEX
SHEODING.,

30
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APPENDIX B-4

EARTHQUAKE AND WIND ANALYSIS
UNDERGROUND STRUCTURES

MARCH, 1969

Morris Operation
General Electric Company
Morris, Iilinois



REPORT ON THE EARTHQUAKE ANALYSES OF THE

SAND FILTER, VAULTS, TANKS AND DUCTS

FOR THE

MIDWEST FUEL RECOVERY PLANT

This report presents the results of dynamic earthquake analyses of the
sand filter, vaults, tanks and ducts for the Midwest Fuel Recovery Plant at
Morris, Illinois, The sand filter is supported on rock and is surrounded by
an earth berm. Vaults, tanks and ducts are embedded in sound rock. All
are of reinforced concrete construction,

ANALYTICAL CRITERIA

The analyses are based on the following data (see Reference 1)

1. Design Earthquake

North - South component of the 1940 El Centro earthquake normal-
ized to0 0.10g.

2. Damping

Liquid sloshing ....ecveceeccecaes hettresnasecasn ceeess 0.005
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ANALYTICAL METHOD

Sand Fliter

The filter structure, earth berm and the filter material are individually
considered as lumped masses supported by welghtless elastic columns fixed
at the foundation. Elastic properties of the columns are determinedby
considering shear deformation only.

Vaults and Tanks

Hydro-dynamic effects were a main consideratfon in the analysis of
the vaults and tanks. Since the mathematically-precise procedure is very
complex, a simplified approach based on References 3, 4, 5, 6 and 7 isused.
When a tank containing fluid of weigh: W is accelerated inahorizontal direc-
tion, acertain portionof the fluid behaves similaxly to a solid mass in rigid
contact with the wall. This mass exerts a maximum horizontal force di-
rectly proportional to the maximum acceleration of the tank bottom. The
acceleration also causes another portion of the fiuid to respond as though
it were a solid oscillating mass flexibly connected to the walls. The max-
fmum amplitude of the mass relative to the walls determines both the max-
imum vertical displacement of the water surface {slosh height) and the
horizontal force exerted on thewalls. Figure A provides dynamic constants
used in determining the period and magnitude of sloshing. In this figure,
alpha is the ratlo of twice the height to the average width of the tank.

DISCUSSION OF RESULTS

Sand Fliter

The results of the filter structure, earth berm and filter material are
tabulated on page 13. The filter material and berm have about the same
response; the filter structure 1s more flexible than the other two elements,
and a uniform lateral pressure of 30 pounds per square foot is required for
the seismic design of the walls.
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Vaults and Tanks

Since the vaults and tanks are embedded in sound rock, the lateral
soil pressures on these elements are agsumed negligible, and only the
sloshheight of the fluid was calculated. Following are the tabulated results:

ELEMENT SLOSH HEIGHT (FT)
Design BEarthquake _Shutdown Earthquake

1. Cladding Vault -------===--=v== 0.d--vmmrmmmmoon- 0.8

2. Low Activity Waste Vault------- 0,4 -==re-mmmromcom~ 0.8

3. Chemical Vault -~---~--=rc===-- 0.51---vmmmmomsnno- 1.02

4. Fuel Unloading Pit -~==-=-=v-~-< 0.4 ~~-------====-- 0.8

S. Fuel Transfer Pit ----=~-=====~ 0.2 ~--eem=mmoomom- 0.4

6. Waste Storage Bagin=~-===--o--== 0.53-~-mmmmmmvonam- 1,06

7. Fuel Storage Basin ---===------ 0.56---======vonm- i.12

Ducts

Air distribution tunnel, asphalt vault tunnel, waste~-disposal cart tunnel
and pipe tunnel are embedded in sound rock and the design earthquake will
not have significant effect in their design.
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—_ L
7N
[ CLADOWG | MAIN PROCESS
\ VAULT /' BUILDING
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H.J. SEXTON & ASSOCIATES, ENGINEERS
SAN FRANCISCO s« MENLO PARK, CALIFORNIA

on no /807-3 on MIOWEST FUEL RECOVERY PLANT ay EVA pare 5 OF
cueny FRO  swaser SAND FILTER STRUCTURE ek CYC pare /5 DF
SE/SM/IC REV/IEW
3 7TYR
80’ [ 241.’: |
, EARTH
70P OF FILTER MAfl.f\ L EL 592 BERM
/ — ---hjf,'— o a1 N i
i /'TYR - COLUMNS | N '
e ‘x'.':. l: /VOf SHOWM 54-47!-\ R .
RSO 77 - AP
72k A

\ROCK
SECTION THROUGH
SAND _FILTER STRUCTURE

A, STRUCTURE ALONE

4
y 80
DEFORMED i e '] 700 OF FILTER
SHAPE — f =
li — -
9 N - C \1 E -
"y 4 e T e e ——. ——— —
- \[Q/]';/ ;A7 L
SHEAR WALL
/. MODEL

MASS: TRIB. WT. OF WALLS,
FULL WT. OF ROOF SLAS

ST/FFNESS: DUE TO SHEAR DEFORMATIONS
OF 74' LONG SHEAR WALL,

r{.ﬂ.ﬁ"

2, MASS
24 WALLS: /35 X 74X 2x 5 X10X. /5= /50%
BO'WALLS: /3.5 X BOX2XX10X./53/62
ROOF: 80X 74 X/ X./5 =586

TOTAL WT. 0

V-9 SF=/
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SAN FRANCISCO o« MENLO PARK, CALIFORNIA

sou wo. /3073 jon MIOWEST FUEL RECOVERY PLANT sy EJSK  oara /EDEL
cuany FRO sumscey SAND FILTER STRYCTURE eux'o CYC oare /5 DEL
SE/SMIC REVIEW

! MODEL (CONT D)

ST/FFNESS
i = E_Lrl- . A= SHEAR AREA, 6=.40E, Lw/35'

L0 X 432500 A

22 = /2,600A

X =

A=2X1X74 =148FT*
K= /2800 X /48 = 189 X 10° K/FT

2. PER/OD OF VViBRAT/ION

7= 277,/—,‘,"4

= /198X 10°¢ o (RIGID !
7= 628,/ 43S 0.03 SEC.(R:G1D )

3 RESPONSE

SINCE STRUCTURE /S RIG/ID UVSE
Sy ° O./Og
Fraera = OLO X 1198% 1205
/SPLAC = Aspe = /207189 X /0%= 535 X 107°FT

BHEET Ni

IV-lO sF-

v



H.J]. SEXTON & ASSOCIATES, ENGINEERS
SAN FRANCISCO o MENLO PARK, CALIFORNIA

JOB NO /30/"3 JO8 M.’DWfST FUEL RfCOVERY PLAA/?' BY f./k pn:/fﬂff-“
cuent FRO somrer SAND FILTER STRYCTURE cuxo CY'C oare5DEC 68
SEISMIC REVIEW

B FILTER AMATER/IAL ALONE

L == \ EN
( \\ J\ \
\ \
( LILTER AATERIAL
DEFORMED SHAPE (=20 */FT; £=40,000 K'FT%)
[ MODEL
pr a’
| - AAES: (1) FOR PERIOD USE I5{WT OF FILTER)
N - (2) FOR D'SPLAC. L'SE YNIFORAT
o > DISTRIB, OVER 9°'& EXTEND
. ~ 1 IINEARLY TO GEI FQUWVALENT

SN D/SPLAC, OF ‘a”.
STIFFNESS: SHEAR DEFORKIATIONS CNLY.

ATASS
TOTAL SO WI: 74 X 80X 9 X./20 =&380K% -10-
WT EOR PERIOD CALC.: 5 X 6380 =2/27%
W7. FOR DISPLAC. : G380/9 = 703 K AT,

STIFFNESS
7= 5/G X 74 X 80 = 4930 FI.°

k=2 x40:0900 X 4930 - 8272 X 10°K/FT,

SHEET NO.

Iv-11 SF -3



H. J. SEXTON

& ASSOCIATES, ENGINEERS
SAN FRANCISC

O +» MENLO PARK, CALIFORNIA
sou no £30/=3 son AtIDWEST FUEL RECOVERY PLANT oy ESK oare /85 OEC.C8
cumny FRO susscr SAND FILTER STRUCTLRE cnxoCYC oare/8O0EC. 68
SEIEMIC REVIEW

2 PERIOD OF VIBRATION

B 2/22 X /078
7= 628/ 327 X877

- 0.02 sEC.(R!G!DY)

3 RESPONSE

SINCE STRUCTURE /8 RIGID, /SE E420./0g

a _,[ox709x9x2]. -
\;1 + 5 a4 /’[/G,aooxqeso] S6.4 X0
Y '

._l__*_ s I A

g = 13579 X 36,4 X 107C=54.5 X 10" °FT,

C. BERM _ALONE

o o

<
\

-11 -
< .2
-~
DEFORMED
SHAPE

L2z ]

[ MODEL
e — JJASS : (1) FOR PERIOD, USE GEN, MASS, ™
1) (2) FOR DISPLAG USE DISTRIS. AMASS
S
—r

___STIFFNESS: SHEAR DEF ORMATIONS ONLY

v-12

SHEET NO

SF=4



H. ). SEXTON & ASSOCIATES, ENGINEERS
SAN FRANCISCO o MENLO PARK, CALIFORNIA
som no 730/-3 108 MIDWEST EFUEL RECOVERY PLANT av EJK  oare /EDEC. 68
cusny ARO sumer SANMD FILTER STRULCTURE enxolYC oare/SOEC, 68
SE/SMIC REVIEW

- AASS
GENERALIZED MASS FOR PERIOD:

A NS Jaste W= T wix)-gix)’ o'x
POy ae] dix) = (1= %)

w(x)=./20 X 60 [3 # 34-}]

w =9.cjf‘[w 247_"1] [/- f]zdx =389%

ST/IFFNESS

WA - . s o Jor
A" =G/ (Z00+/78.3%) I K =86¢X /0 ,(;/F,,

2 PERIOD OF V/IBRATON

B} 382 % /0 _ Ny
7e6.25 [ ISR L— =002 52C.(RIGIOY)

3. RESLPONSE
" SINCE STRUCTURE 1S RIGID, JSE 54=C0g

ad
; ‘:‘\T W, = 28.8 K/FT. X./0 = 288 KFI.
; b W, = 230.0&/FT X .JO = 23.00 K /FT.
I - 2 ng’x

Wz | A £ yix) o'x L W Xx 2/
o A 6-9/ (X = G/ (200+/78.31%) ’ 60/ 2L{200778.3%)
A=484X 107 °FT

- 12 -

SMEET NO,

1v-13 SE -5



H.J. SEXTON & ASSOCIATES, ENGINEERS
SAN FRANCISCO » MENLO PARK, CALIFORNIA

Jon w0 8073 son MIODWEST £ UEL RECOVERY RPLANT aw ESK  oarn [SDECE
cueny FRO  susicr « AND FILTER STRYCTURE enxoCYC oarn SOEC. €,
SE/SMIC REVIEW
SUMMARY OF RESPONSE
PEROD | ACCEL D/ISPLAC.
” . .
17EM cec) | (6%) | 1)

E/LTER STRUCTURE 03 /0 G EX 104

FILTER MATER/IAL 02 JO 545Xx /0%

BERM 02 /7] 488X 1079

CONCLUS/ONS :

1IV-14

L THE THREE ELEMENTS HAVE ABOUT THE SAME
RESPONSE, EXCEPT THE FILTER STRUCTURE
ITSELF /S SOMEWHAT MORE FLEXIBLE THAN
EITHER THE FILTER MATERIAL OR THE BERM.

2 AS THE FILTER STRUCTURE MOVES, IT /5
RESTRAINED EQUALLY BY THE FILTER MATERIAL
AND THE BERM, THUS PRODUCING A LOADING
ON THE STRUCTURE WALLS., THE ACTUAL
SHAPE OF THIS LOAD PATTERN /5 NOT KNOWN,
BUT FOR DES/IGN PURPOSES AN EQUIVALENT - 13.
UNIFORM LOADING PATTERN WILL BE ASSUMED
SUCH THAT !T RESULTS IN A FILTER
STRUCTURE DISPLACEMENT OF (63.5-484)x/07°
= /5.0 X 10°CFT

SNERT NO.

SF -G



H.J. SEXTON & ASSOCIATES, ENGINEERS
SAN FRANCISCO ¢ MENLO PARK, CALIFORNIA

JO® NO 1'30/’3 JOS M/DWEST Fé/fl. RECOVfRY PLA/W' 8y EJK nn:/jait:éﬁ
cueny - FRO_ suminct SAND FILTER STRUCTURE enux-oCYC oarn/SOEC 68
SE/SMIC REVIEW

DETERMINATION OF WALL LIA D/NGC

w!  A=IBL X0 “Crr

> // . A= é "é’_L_ /4
x NEAE . "y , i
o, T /48 FTS, Le/3.5 A=151X /07
i — i G = .4 X432,000 v 172,800 KFT?
wie 24638 _ 2051 X Jo~%)(172,800)(128)
L3 (73.5)

w'e 4,23 K/FT. TOTAL
W= 4.23/2 = 2.2 K'F EACH WALL
W= 272/80e 265 %/Fr?

FOR DESIGN PURPOSES (SE/SMIC)
USE A UNIFORM LATERAL WALL
PRESSURE OF 30 PSF ACIING
EITHER INWARD OR OUTWARD
ON WALL,

- 14 -

ANEXY NO

Iv-15 SF=-7



H.J. SEXTON & ASSOCIATES, ENGINEERS
SAN FRANCISCO ¢ MENLO PARK., CALIFORNIA

10w w0 /30/-3 ion MIDWEST FUEL RE COVERY PLANT o ESK  oare [EOEC
comns FRO _ wunsrer CLADOING VAULT ' e 2VC oarn 5OEC,
SEIEMIC REVIEW
EL.41°G"
_%Q@m% 4 LATERAL SOIL PRESSURES
- 2% &A , 24
g < SINCE CLADDING VAULT 15 EMBEDDED
74

I

I‘ IN SOUND ROCK, 1T (5 ASSUMED

‘ THAT THE VAULT WILL NOT HAVE
| 7O RESIST ANY INERTIA FORCES
| FROM THE ROCK #1ASS ITSELF,
1

I

he72%

»r—- —
I
[
|
l
I
|
|
|
|

THEREFORE, THE LATERAL PRESEURES

ROCK
L — ON THE VAULT DUE TO EARTHQRUAKE
7o) N Iy o~
KN, ARE ASSLMED NEGL/G/ELE,
10
ELEVATION

B. MAGNITUDE _OF SLOSHING

! BERIOD OF SLOSHNG
ASLECT RATIO = 4/% « 72,/20.5 = 25/
¢, (h4) = G (3.5/) = L84
¢, (h%) = Co(350) = /.53
G, (k) = C3(3.8/)=04/0 -

/20,5

e X - - il
7=27/3% 6.28 [i5cieq) = 57 TEC

2 MAGNITUDE OF SLOSh NG

TCESSSNSS 4 (7= 37)= 003 g
\ E Vo, (PAMPING = 05%)
N N
N N 5
X fl 0 .”r’
) men ™ C;a5X a (153)(4100.C( =

/-Cp Sa /= (453)(.03)

BHERY

IV-16 CV".



H. J. SEXTON & ASSOCIATES, ENGINEERS
SAN FRANCISCO ¢« MENLO PARK, CALIFORNIA

ron no/30/ =3 o0 MIDWEST FUEL RECOVERY PLANT

( cum FRO _ sonmer CLADDING VAULT o
SEISMIC REVIEW

Y EJK pAr¢/50£C ‘l
o CYC parn /5OEC 64

3 CONCLUS/IONS

a) IF SOME FREEBOARD /5 RE QUIRED BETWEEN THE
FLUID SURFACE AND VAULT ROOF SOFFIT, A
MINIMUM OF ABOUT 6" /5 NECESSARY FOR
THE DESIGN EARTHQUAKE AND 1°0" FOR THE
SHUTOOWN EARTHRAUAKE,

b) IF FREEBOARD /S NOT PROVIDED, THE ROOF
OF THE VAULT MUST 8E DES/GNED ~ 0 RES/ST
AN UPWARD PRESSURE EQUAL 70 A HEAD
OF 6" FOR THE DESIGN EARTHRUAKE AND 1-0"
FOR THE SHUTDOWN EARTHRUAKE,

- 16 -

SHEIRT NO.

cv-e

7%<r .17



H.J]. SEXTON & ASSOCIATES, ENGINEERS
SAN FRANCISCO s MENLO PARK, CALIFORNIA

son wo. /3013 100 MIDWEST FUEL RECOVERY PLANT ‘wy ESK  oare[EDEC S
. sap FRO  sumncr CHEMICAL VAULT enwo CYC oare SOEC.GE
' SEISMIC REVIEW

£L. 336"
N A LATERAL SO/L . PRESSURES

LATERAL SO/ PRESSURES WOULD
ROCK BE NEGLIG/BLY SMALL FOR REASONS
STATED FOR CLADDING VAULT.

Hu 4375

ELEVATION

B MAGN/ITUDE OF SLOSHING

/ PERIOD OF SLOSHING

ASPECT RATIO = 4,/x = 48.75/15 = 202
¢ (h/k) = C,(2.92)= 183
Ca(h/k) = Co(2.92) = 1.52

Co (h%) = Cs(2.82)=04/0 -17-
7e 2m/2 = 6.20 lii5s) = 32 SEC
2 MAGN/TYDE OF SLOSHING
TSN 5" (7'-5.2 SECJ = 0, 05!
S __§ “Fnor.  (0AMPING= 0.5%)
N
s L GG (BN 0N
chr = LR O ey T

BMERY NO.

" 1v-18 cHY-1



H. J. SEXTON & ASSOCIATES, ENGINEERS
SAN FRANCISCO » MENLO PARK, CALIFORNIA

sou n0./30/-3 lom MIOWEST FUEL RECOVERY PéA/V?"
SLIENT FRO  sussicy CHEM/ICAL VAULT

SEISMIC REVIEW

ay ka p;y[/‘&f&“
CHK'D cyc. DAYE /£0£C ‘l

3 CONCLUS/IONS

FOR OESIGN PURPOSES, THE SAME CONCLUS/ONS
GENERATED FOR THE CLADDING VAULT APPLY
70 THE CHEMICAL VAULT.

-18 -

SHERT NO.

1V-19 CHV=2



H.J. SEXTON & ASSOCIATES, ENGINEERS
SAN FRANCISCO ¢« MENLO PARK, CALIFORNIA

soano/30/=3 son MIOWEST FUEL RECOVERY PLANT
, GhIENT FRO  sumxcy LOW ACTIVITY WASTE VAULT

SE/SMIC REV/IEW

‘-qu/k' oars B OEC, 68
ennwoCYC pare/BOEC. G

A. THE DIMENSIONS, SHAPE, AND EMBEDMENT OF THE
LOW ACTIVITY WASTE VAULT /S APPROX/MATELY THE
SAME AS THE CLADDING VAULT. ALTHOUGH THE
OENSITY OF THE CONTAINED FLUID IN THE LOW
ACTIVITY WASTE VAULT /S SOMEWHAT GREATER
THAN THE 624 POUNDS PER CUBIC FOOT IN THE
CLADDING VAULT, THE MAGMN/TUOE OF SLOSHING
AND GENERAL CONCLUSIONS DETERMINED FOR

THE CLADDING VAULT APPLY ALSO TO THE LOW
ACT/IVITY WASTE VAULT.

SHELRY NO.

IV-20 AV=/



H. J. SEXTON & ASSOCIATES, ENGINEERS
SAN FRANCISCO s MENLO PARK, CALIFORNIA

son 10./30/=3 100 MIOWEST FUEL RECOVERY PLANT wy ESK pare5OEC. 68
GLIENTY FRO SUBJECT WASTE lerRA GE JAS/N CHK'D CVC u"/fﬂfc “

SE/SMIC REVIEW

ELso~N o E500' A LATERAL SOIL PRESSURES

3 v— v

SINCE WASTE STORAGE BASIN /S
EMBEDDED IN SOUND ROCK LATERAL
PRESSURES MAY BE ASSUMED
NEGL/G/BLE.

B W= 35’ ¢
“LENGTH=G2) |°

AN/ N\ g

- SECT/ION

B MAGN/I/TUDE OF SLOSHING

/| PERIOD OF SLOSHING (AssumE 2x=39'; AV6. OF
LENGTH AND WIDTH)

ASPECT-RATIO = h/x = 30//9.5 = /54

C, (/) =& (1,5¢)=157

Ca(h/x) = Co(1.54) =157

Cs(4/x) = Ca(/.54)=0.55 -20-

e o/ - /125

2. MAGNITYDE OF SLOSHING

» 8, (T=3.9) =0.039
“Fdnar.  (DAMPING=051)

LGS (855N 03)(85),

SHEET NO.

V=21 wsa -/
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SAN FRANCISCO ¢ MENLO PARK, CALIFORNIA

son 80./30/-3 1os M/DWEST FUEL RECOVERY PLANT ayESK untﬁ&.".iéd
cumny FRO susiser  WASTE STORAGE BAS/N ennp CYC nArl/5«0£C._4_£
SE/SMIC REV/IEW

3, CONCLUS/ONS

@) SINCE THERE /S NO STRUCTURAL TOP TO THE
WASTE STORAGE BASIN, SUFFICIENT FREEBOARD
W/LL BE REQUIRED TO ACCOMODATE THE
CALCULATED SLOSHING FOR BOTH THE
DESIGN AND SHUTOOWN EARTHRUAKE.

&) FOR THE DESIGN EARTHRUIAKE, THE MAXMUM
SLOSHING WILL BPE 053 FOO7, FOR SHUTOOWA,
THE MARIAILAM SLOSHING WILL EE THYICE THIS
AMOUNT OR 106 FEET. ALTHOUGH CONLY /O
£OOT OF FREEBOARD /5 PROVIOED, TH/S
SHOULD BE SUFFICIENT FOR OEE.GN RURPOSES,

-21 -

BNERT NO.
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SAN FRANCISCO ¢ MENLO PARK, CALIFORNIA

ron we /3073 son MIDWEST FUEL RECOVERY PLANT sy ESK  onrn EDET 78
CLIENT FRO  susixer FUEL STORAGE BAS/IN enxn CYC pare 5 ‘@3
SEISMIC REVIEW
1 ‘l A LATERAL SO/ PRESSURES
o ’ g
T et &\ SINCE FUEL STORAGE BASIN IS
S| 170 g_‘ﬁ EMBEDDED N SOUND ROCK LATERAL
BTN PRESSURES MAY BE ASSUMED
NEGLIG/IBLE.

B, MAGN/ITUDE OF SLOSHING

REPRESENT ACTUAL TANK WITH AN

PLAN EQUIVALENT SQUARE TANK HAVING
- SAME AREA AND DEFTH,

ARE A+ 955 SF, 2Xx30.9 F1, h=30F7

L PERIOD OF SLOSHING

ASPECT RATIO = h/x = 30//5.45 =/.94
¢ (hx) =, (1.94) =158
Cs (h/k) = €4 (19¢) = /.58
Ca(h/X) = Ca(1.2¢) = 0.54

232 5. 45 .29 -
Ie 2”/_79 = 6'”/32_2(:58} = 3.5 SEC, 22

2 MAGN/ITUDE OF SLOSHING

§(7=35)=0.04g
Ia’ﬂﬂ. (DA AMID/NG = 0.5,"'

L CiGSX (158)(.52)(,04)(545)
ohax * 775 5 /-(+.58)(.0¢) aidad

L
72277

SHIETY NO,

Iv-23 £S8-/



H. J. SEXTON & ASSOCIATES, ENGINEERS

SAN FRANCISCO ¢« MENLO PARK, CALIFORNIA

Jos NO@O/‘i Jos A@WEST FUEL RECOVERY PLANT

wy ESK  oane FOECCS

cuent FRO  wusseer FUEL STORAGE BAS/IN

CHK'D Cyc DATE l-!o[c‘d

SE/ISMIC REVIEW

3, CONCLUS/ONS

a) SINCE THERE /5 NO STRYCTURAL TOP 70 THE

FUEL STORAGE BAS/IN, SUFFICIENT FREEBOARD
SHOULD BE PROVIDEL TO ACCOMODATE THE
CALCULATED SLOSHING FOR BOTH THE
DES/IGN AND SHUTOOWN EARTHRUAKE.

b) FOR THE DES/GN EARTHQUAKE, THE MAXIIUA

SLOSHING WILL BE 056 FOOT. FOR SHUTDOWN,
THE MAXIMUM SLOSHING WL BE ABOUT /2

FEET., THIS 'S GREATER THAN THE 10 FOOT
FREEBOARD PROVIDED. HOWEVER, THE EFFECT
OF SUCH AN INOICATED OVERFLOW SHOULD 8E

EVALUATED TO DETERMINE /F ADOITIONAL
FREEBOARD WOULD BE REQU.RED.

Iv-24

BHEET NO.
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JOB NO /30/‘3 JoB M/DWES?' FUA‘L RE co VfRY P(.A/VT 2y &2/K gn;{5ofc 64
cueny ERO  suaser FUEL UNLOADING PIT cuxnCYC oare/SOEC. 68

SE/ISMIC REVIEW

£L 5140 fec.so'o'
i A LATERAL SO/ PRESSURES

SINCE FUEL UNLOADING PIT 1S
EMBEDDED /N SOUND ROCLK,
LATERAL PRESSURES MAY BE
ASSUMED NEGLIG/BLE.

W\

\

hugd’
2

SECT/ON

B. MAGN/ITUDE OF SLOSHING

[ PERIOD OF SLOSHING

ASPECT RATIO » /X v 48/6 = 8.0
¢, (4/x) = ¢ (8.0) £ /52
Co (4/k) » C2(8.0) = /.59
Cs (h/x) = C3(8.C) = QS

X e _ .
7= 20/5¢ = 6.28 fisaesy = 22 SEC

2 MAGN/ITUDE OF SLOSHING

Sa (7'-22)’0 079
P\ (0AMPM/6= o5%)

Kf,
CaCaSuX  (159)(.53)(.0N(6)
oy = —2ATAL. = -—-—ZG——,_ a0 =040 FI

) Sa

2l

BMNERTY NO

1v-25 FUP=/



H. J. SEXTON & ASSOCIATES, ENGINEERS
SAN FRANCISCO o MENLO PARK, CALIFOmNIA

s nof80/°3 ,a MIODWEST FUEL RECOVERY PLANT ‘&K oar/SOEC 68
ey!m FRO FNIECY fU££ ””‘OADIMG P/r cNK'DCYc nmu/’ﬂic 65

SE/ISMIC REVIEW

3 CONCLUS/ONS

@) SINCE THERE /S NO STRUCTURAL TOP TO THE
FUEL UNLOADING PIT, SUFFICIENT FREEBCARD
SHOULD BE PROVIDED TO ACC OMODATE THE
CALCULATED SLOSHING FOR BOTH THE
DES/GN AND SHUTOOWN EARTHRUAKE,

b) FOR THE DES/GN EARTHQUAKE, THE MAXIMUM
SLOSHING WILL BE O.40 FOOJ. FOR SHUTOOWA,
HE MAXIMUM SLOSHING WILL BE ABOUT A8
FOOT. THIS /S LESS THAN THE LO FOOT

FREEBOARD PROVIOED
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A LATERAL SO/ PRESSURES

1 SINCE FUEL TRANSFER PIT /S
EAIBEDDED IN SOUND ROCK, LATERAL
PRESSURES MAY BE ASSUMED
NEGLIGIBLE.

w128 .
¥ ’ / i B, MAGN/TUDE OF SLOSHING

R — USE AVERAGE WIDTH FOR 2X
Tl 2x = (25 F45)% G FT, X=3FT.
h 48 FT.

L PER/OD OF SLOSHING

ASPECT RATIO = b/r= 48/3= /6
c, (/%)= ¢ (/6)= 153
C, (h/k) = €5 (16)= 159
Ca(h/k) = ¢3(/6)= 0.53
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2 MAGN/TYDE OF SLOSHING

8 (T=15)=0.07g
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SE/SMIC REVIEW

3. CONCLYUS/IONS

@) SINCE THERE /S NO STRUYCTURAL TOP TO THE
FUEL TRANSFER PIT, SUFFICIENT FREEBOCARD
SHOULD BE PROVIDED TO ACCOMODATE THE
CALCULATED SLOSHING FOR BOTH THE
DES/GN AND SHUTDOWN EARTHRUAKE.

4)FOR THE DESIGN EARTHQUAKE, THE MAXIMUM
SLOSHING WILL BE 0.20 FOOT FOR SHUTOOWA,
THE MAXMUM SLOSHING WILL 8€ ABour 040
FOOT. TH/IS/S LESS THAN THE LO FOOT
FREEBOARD PROVIDED.
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