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ABSTRACT

A geological investigation was conducted near Morris,

Illinois for the General Electric Company to provide geotechnical

data required for the design and licensing of the proposed basin

expansion; to determine the structural and stratigraphic rela-

tionships of a northwest-trending fault zone; and to substantiate

the age of faulting at the site.

Field investigations included soil and rock core dril-

ling, borehole water pressure testing, piezometer installation,

geophysical surveys, trenching across the fault zone, and geo-

logic mapping of the trenches.

This investigation showed that multiple northwest-

trending faults are present in an en echelon pattern instead of a

single fault as previously interpreted. Furthermore, it was

interpreted that cross faults trend northeasterly and also occur

in an en echelon pattern.

Relative movement of the northwest-trending fault zone

is down-to-the-southwest. Several faults exposed in trenches

have downward displacement to the northeast; however, most indi-

vidual faults also are displaced down-to-the-southwest. The

faults probably converge with depth creating step-like exten-

sional blocks that have variable displacements relative to ad-

jacent blocks as well as rotational displacements. The varia-

bility of displacements of fault blocks is characteristic of en

echelon gravity faults produced by antithetic tensional forces.
'4
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Stratigraphic evidence indicates that major movement

occurred prior to deposition of Pennsylvanian sandstone (Spoon

Formation) found at the site. Direct conclusive evidence docu-

menting that faulting definitely occurred prior to deposition of

the Spoon Formation was found in Trench CT-7 where the Spoon

Sandstone extends continuously over several faults. This evi-

dence establishes that faulting at the General Electric site

occurred over 280 million years before the present; therefore the

faulting is not capable as defined by the United States Nuclear

Regulatory Commission in lOCFR100, Appendix A.

-4
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REPORT

GEOLOGIC INVESTIGATIONS

PROJECT IV STORAGE CAPACITY EXPANSION

NEAR MORRIS, ILLINOIS

FOR

THE GENERAL ELECTRIC COMPANY

INTRODUCTION

This report presents the results of ';he geologic in-

vestigations recently performed at the site of the proposed basin

expansion to General Electric's Morris operation, a spent fuel

storage facility near Morris, Illinois (Figure 1). The purpose

of this investigation was to provide the geotechnical data re-

quired for the design and licensing of the proposed basin expan-

ston to the existing fuel storage facility (Figure 2). The most

critical issue of this investigation from a geologic, hydrologic

and foundation engineering aspect was the dating and delineation

of the northwest-trending fault zone identified by Dames & Moore

from boring data initially obcained during a foundation investi-

gation in 1967. The fault zone, southwest of the existing Fuel

Storage Building, was studied in detail in 1974, at which time it

was shown to have an offset of 35 to 40 feet with the southwest

side dropped down in relation to the northeast side. Although

the most probable time of faulting was determined to be between

late Ordovician and early Pennsylvanian time, conclusive evidenceras
'-
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was not found which would document that the fault was not capable

as defined by the United States Nuclear Regulatory Commission

(NRC). The detailed geologic structural analyses of the proposed

expansion area, and the stratigraphic evidence presented herein

conclusively substantiate the age of faulting in the site area as

pre-Early Pennsylvanian, i.e. the faults are incapable.

SCOPE OF WORK

The purposes of the investigation were to;

1. Determine the structural and stratigraphic rela-
tionships of the foundation materials and under-
lying bedrock;

2. Determine the characteristics and location of the
northwest-trending normal fault zone and determine
its relationship to the proposed structure;

3. Substantiate the age of faulting, if possible; and

4. Perform field investigations to augment and de-
velQp data for use in evaluating the ground-water
regime, the geophysical properties of the subsur-
face materials, and foundation conditions.

Dames & Moore's field investigations consisted of soil

and rock core drilling, borehole water pressure testing, piezo-

meter installation, trenching perpendicular to the fault trace,

and geologic mapping of the trenches. The locations of the field

investigations are shown on Figures 2 and 3. The results of

these investigations, which form the basis of our conclusions and

document the character and age of the fault zone, are presented

herein. Geophysical surveys were also performed and are discussed

2
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in our report, Geophysical Investigations (1977). Details of the

ground-water conditions found at the site are described in our

report, Ground Water Investigation (1977). Foundation recomen-

dations for design parameters were provided from analyses of our

work and are given in our report, Evaluation of Foundation Recom-

mendations (1977).

DESCRIPTION OF THE SITE

The site is located east of Morris, Illinois in the

southeast 114 of Section 35, Township 34 North, Range 8 East in

Grundy County. This is about 1 mile south of the Illinois River

and about 1/2 mile west of the Kankakee River on a relatively

high area about 30 feet above normal pool level of the Kankakee

River (530 feet MSL). The topography of the area is gently

rolling and generally reflects the bedrock structure and litho-

logy. The land surface slopes generally gently to the south and

east with poorly developed and integrated drainage. Figure 1

shows the site location in relation to local features and the

topography near the site.

Soil and overburden deposits range from 0 to a few feet

in thickness with a maximum thickness of about 10 feet just west

of the fault zone. Within the area of the proposed expansion,

the soil is generally less than 2 feet thick.

4r
D0
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PREVIOUS INVESTIGATIONS

Several gectechnical investigations have been made at

the site in the past by Dames & Moore. The results of these

studies, as well as boring and piezometer data, have been used to

provide data for this investigation. These Dames & Moore reports

are included in the general reference list at the end of this

report.

METHOD OF INVESTIGATION

Tne initial field investigation involved drilling nine

borings and excavating one trench perpendicular to the antici-

pated major northwest-trending fault, as interpreted from pre-

vious Dames & Moore investigations (1974, 1975). The field data

obtained during the early stages of the investigation indicated

that multiple faults, rather than one major fault, are present in

a step-like pattern which forms a northwest-trending fault zone

'of multiple blocks positioned at different elevations (Figures 10

V and 13). In order to better document and explain this interpre-

tation, the program was revised to include a total of 17 borings

and 11 trenches.

The investigation, as executed, is described in the

following paragraphs.

DRILLING PROGRAM

o

A total of 17 borings (B-l and B-3 through B-18) were

drilled between March 26 and April 3, 1976. Five ground-water

lr .. -, .. .. a.I- ..
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observation wells, D-t through D-5, were also drilled. The

lbcations of the borings and observation wells are shown on

Figure 3, Plot Plan - Proposed Basin Expansion Area. betailed

descriptions of the subsurface materials encountered are pre-

sented on the boring logs, Figures 4.1 through 4.18.

The drill rig and crew were supplied by Raymond Inter-

national, Inc., Elk Grove Village, Illinois. The coordinate

locations and elevations of the borings were surveyed by George

Reiter & Associates of Joliet, Illinois. Dames & Moore geo-

logists supervised the field operations. The borings were drilled

to depths ranging from 10.0 to 186.0 feet and were advanced by

rotary wash method. Three of the borings (B-1, B-3 and B-4) were

drilled at a 60-degree angle from the horizontal across the fault

trace (Figure 3). The angle borings were drilled to determine

the characteristics and hydrologic conditions within the fault

zone, to intersect the fault zone at the foundation grade, and to

establish the elevation of the Scales Shale in the borings.

The shallow soil conditions at the site were evaluated

by logging cuttings from 4-inch solid flight augers. All soil

was classified in the field in accordance with the Unified Soil

Classification System. Core recovery and RQD (rock quality

designation) of the rock from the borings aided in delineating

the location of fracture zones penetrated by the borings and

° provided further basis for indicating the fault locations shown

° on Figures 9 and 10.

AD
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Pock samples were obcained utilizing NX wireline core

barrels 10 feet in length. Coring began in several borings at

elevations several feeL above the Scales Shale in order to deter-

mine the top of the unit for stratigraphic correlation. For each

core run, recovery ard the RQD were determined. The percent

recovery was calculated by dividing the total amount of core

obtained by the Wetal length of the core run. RQD was determined

by measuring all pieces of core 4 inches or grer-er in length,

summing this quantity and dividing it by the total length of core

run. Photographs of the rock core were taken to document the

recovery and condition of the core. All core obtained is stored

in wooden core boxes at the site.

Pressure testing was performed in eight borings using

air inflatable packers with botn double-packer, 10-foot spacing

and single-packer, variable spacing. Borings B-1 and B-3 through

B-*9 were tested and the results of the tests are presented on the

boring logs as K, permeability in centimeters per second. The

values obtained from the pressure tests were used to calculate

the permeabilities. Borings on both the upthrown and downthtown

side of the fault trace were pressure tested La order to deter-

mine the effect of faulting on the Lovement of ground-water under

the site. A discussion of the analysis and the results of the

pressure tests are presented in the Ground Water Investigations

report (l977%.
as

Ground-water observation wells (D-borings) were drilled

with a roller bit. Rock core was not obtained. The tops of
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formations encountered in these borings were established by in-

spection of cuttings.

Piezometers were installed in 12 borings (B-i, B-3

through B-7, B-9 and D-1 through D-5) following drilling and

pressure testing. In angle borings B-1, B-3 and B-4, 3/4-inch

diameter PVC (polyvinyl chloride) pipe was used. All other

piezometers installed consisted of 2-inch inside diameter PVC

pipe slotted to monitor a specific interval. The pipe was low-

ered to the selected depth and the annular space around the

slotted interval of the pipe was backfilled with clean pea gravel.

About- 2 feet of clean sand was placed over the pea gravel and

from 1 to 2 feet of bentonite balls was placed over the sand to

prevent migration of grout into the pea gravel. The remainder of

the boring was then backfilled to ground surface with a cement-

bentonite grout. The PVC pipe was protected with a 5-foot length

of embedded steel pipe and a steel cap at the ground surface.

Piezometer installation data are presented in the Ground Water

Invstigatioxis report (1977).

TRENCHING PROGRAM

Three trenches (BYT-, BT-2 and BT-3) were excavated and

mapped between Marct 26 and April 23, 1976. Eight additional

trenches (CT-1 through CT-87 were excavated and mapped between0

May 10 and May 25, 1977. The locations of all the trenches are

shown on Figure 3.
so.
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The backhoe, capable of excavating to a depth of 12

feet, and operator were supplied by Stark Excavating Company 
of

Morris, Illinois. The coordinate locations and elevations of the

trenches were surveyed by George Reiter & Associates of Joliet,

Illinois. Dames & Moore geologists directed the field activities

and mapped the trenches.

These trenches were excava:ed to refine the definition

of the structural relationships associated with the fault 
zone

adjacent to the proposed expansion, and to determine if strati-

graphic evidence was present that would establish the age of

faulting. The walls of trenches were mapped to determine the

stratigraphic and/or structural relationships and to provide

details for use in the interpretation of site geology presented

in this report. Where not obscured, floors of trenches were also

mapped. Features revealed on the trench floors were oftentimes

not apparent on wall profiles. Cross sections of the trenches

are shown on Figures 5.1 through 5.11.

REGIONAL GEOLOGY

Regional structures in northern and northeastern Illi-

nois trend northwest and are characterized by asymmetrical folds

with steep southwestern limbs and by vertical faults and joints

that trend northwesterly. Fracture sets trending northeast also

occur within the region.

I The site is located on the northeastern flank of the

f- Illinois Basin. The long axis of this elliptical-shaped basin



strikes north-northwest through most of Illinois and is bounded

on the east by the Cincinnati Arch and on the north by the Wis-

consin Arch.

The LaSalle Anticlinal Belt, a north-northwesterly

trending band of asymmetrical en echelon folds, extends from

north-central Illinois to extreme southeastern Illinois. The

western limb of the LaSalle Anticlinal Belt dips steeply into the

center of the Illinois Basin with the eastern limb dipping gently

into the eastern shelf area of the basin (Figure 6). The crestal

axis of the folded belt plunges to the south-southeast and nar-

rows to only a few miles wide at the southern end where it

plunges into the deepest part of the Illinois Basin.

Initial deformation along the LaSalle Anticlinal Belt

began in post-M~ississippian/pre-Pennsylvanian time at the north-

ern end. Deformation migrated progressively southward with time

during the Pennsylvanian (Payne, 1940 p. 7; and Eardley, 1962,

p. 45). Renewed activity occurred after Pennsylvanian time,

probably at the close of the Paleozoic Era.

Smaller asymmetrical structures have been identified

within the LaSalle Anticlinal Belt and include the Herscher Dome,

the Herscher Northwest Anticline, and the Ashton Arch. The

Herscher Dome and the Herscher Northwest Anticline are both

asymmetrical, doubly-plunging anticlines trending north-northwest

(Figure 6). In describing the Herscher Dome, Buschbach (1964, p.

63) states that "As in other en echelon structures in the LaSalle

so
'-4
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Anticlinal Belt, the strata dip rather steeply on the western

flank and more gently on the eastern."

The Ashton Arch is an anticline that trends west-

northwest across northern Illinois from western Kendall County to

central Ogle County (Figure 6). Cambrian and lower Ordovician

rocks are exposed at the surface along the trend of the arch.

The Ashton Arch is bounded on the north by the Sandwich Fault

Zone. The southwest flank of the arch merges with the LaSalle

Anticlinal Belt and dips steeply into the Illinois Basin. Struc-

tural relief on the southwestern side is approximately 1900 feet,

and the maximum relief on the northern side is approximately 900

feet (Willman and Templeton, 1951, p. 121). Uplift along the

arch was at least post-Silurian and may have taken place at about

the same time that movement occurred along the LaSalle Anticlinal

Belt in post-lMississippian/pre-Pennsylvanian time, followed by

additional, lesser uplift in post-Pennsylvanian time (Willman and

Templeton, 1951).

The Sandwich Fault Zone trends west-northwest across

northern Illinois to within 6 miles northeast of the site. The

zone is mapped on the surface and in the subsurface for nearly 90

miles. The fault zone is essentially vertical and forms the

northern boundary of the Ashton Arch. The northern block is

downthrown a maximum of 900 feet by the main fault (Templeton and

Willman, 1952), and near the northwestern end of the zone there
as,
o are numerous associated short faults, The throw decreases toward

'a the southeastern end of the zone, and a scissors effect causes

A



the southwestern block along a subsidiary fault to be downthrown

a little more than a hundred feet (Bristol and Buschbach, 1973,

Plate 1). Bristol and Buschbach (1971, Figure 3) indicated more

than 500 feet of vertical displacement in the basement surface.

Movements along the Sandwich Fault Zone are dated as post-Silurian/

pre-Pleistocene. However, major movements along the fault zone

may have occurred when the LaSalle Anticlinal Belt was uplifted

in post-Mississippian/pre-Pennsylvanian time (Willman and Temple-

ton, 1951, p. 123).

The attitude of the folds and faults of the region

indicate that compressive forces were acting along northeast-

southwest lines during deformation in the Paleozoic Era. Faults

and joints parallel to the axial planes of folds form at right

angles to the maximum compressive force and also form at this

attitude as a result of tensional forces on the convex side of

folded strata, or anticlines (Billings, 1972). Extension frac-

tures form parallel to maximum compression and shear fractures

are symmetrically inclined (angles less than 450) about the

compressive force axis. The continuum from tensional fractures

to shear fractures is demonstrated by such examples as the

Sandwich Fault, and locally identified faults of lesser magnitude

(discussed below and later in this report).

At the Dresden Nuclear Power Station, approximately

a one-half mile northeast of the site and within 5-1/2 miles of the

o Sandwich Fault, northwest-trending, near vertical, en echelon

,_.

o-
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faults and northeast-trending faults and joints were mapped on

the top of the Maquoketa Group by the Illinois State Geological

Survey (Ekblau, 1956; Dames & Moore, 1965).

The locations of these faults and others observed

within the area between the LaSalle Anticlinal Belt and the

Sandwich Fault provide strong evidence for direct relationship

between faults mapped adjacent to the site and regional struc-

tures (Kempton, 1975). The aerial photograph of the site vici-

nity (Figure 11) sh ws the trace of faults and joint sets that

trend northeast and northwest across the region. Figure 12 is a

map of these lineaments and delineates the individual features,

SITE GEOLOGY

The subsurface conditions of the site area were deter-

mined from borxngs and trenches drilled and excavated between

1967 and 1977. The data gathered prior to 1976 were reanalyzed

and correlated with the results of the current studies. Struc-

tures shown in trenches excavated in 1974 may not have been

recognized or explained at the time of their initial presentation.

Information available prior to 1976 indicated a northwest-trending

fault across the site area with downward displacement to the

southwest (Dames & Moore, 1974 and 1975). A system of northwest-

and northeast-ttending joint sets and a southeastward plunging

0% anticline were also documented (Dames & Moore, 1975). The fault
0

was docnmented as cutting through Ordovician-age rocks and was

ho
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dated as late Ordovician to early Pennsylvanian since Pennsyl-

vanian sandstone unconformably overlies the Ordovician-age 
rocks

at the site. The Silurian, Devonian and Mississippian systems

are not present and were either not deposited or were eroded.

As a result of 1977 data, it was interpreted that mul-

tiple faults are present in an en echelon pattern and that 
a

fault zone trends northwest across the site area instead of 
a

single fault, as previously interpreted. Furthermore, it was

interpreted that cross faults trend northeasterly and also occur

in an en echelon pattern. Conclusive evidence for dating the

fault was found and is discussed in this report.

STRATIGRAPHY

The stratigraphy of the site area, previously described

in detail by Dames & Moore (1974, 1975), is substantiated by these

field investigations and depicted on Figure 7.

Borings drilled in 1976 encountered all the geologic

formations previously described by Dames & Moore. Two borings

(B-3 and B-4) extended 5.7 feet into the Galena dolomite, and

the other 16 borings were terminated in the Scales Shale. 
Sur-

ficial materials and rock formations encountered during the

drilling are described below in descending stratigraphic 
order.

a% Soil

%- Boring logs (Figures 4.1 to 4.18) show the thickness of

soil encountered in each boring and give a description of the

13



material. These same deposits were found on the sides of tren-

ches excavated at the site, as seen on Figures 5.1 to 5.11,

Trench Cross Sections.

The trench cross sections present a detailed account of

the overburden materials, the upper several feet of bedrock, and

the structural relationships within the fault zone which are dis-

cussed later in this report. The overburden soils encountered in

the borings consist of a light brown to brown, clayey silt with

sand and gravel underlain by a light brown to brown-gray, silty,

fine sand with weathered sandstone fragments throughout. Soil

thicknesses determined from borings on the upthrown side of the

fault zone ranged from 0 to 3 feet; whereas on the downthrown

side of the zone, the range was between 4.5 to about 10 feet.

Bedrock

The areal distribution of rock formations that form the

bedrock surface in the site area is showr ri Figure 8. The bed-

rock surface in the area of the proposed expansion is the Fort

Atkinson Limestone which extends from the fault zone to include

most of the site area. The Spoon Formation is found on the

downthrown side of the fault zone, immediately southwest and west

of the proposed expansion. Brainard Shale forms the bedrock

surface, with occasional areas of Spoon Sandstone probably over-

lying it, in the southwestern portion of the site area.

Spoon Formation - This unit is Pennsylvanian in age and

has previously been called the Pottsville Formation. The Spoon



Formation at the site is a light gray, fine- to medium-grained,

thia- to medium-bedded sandstone, which contains mica and some

clay. The sandstone is locally calcareous and is generally iron

stained along bedding planes and fractures. The sandstone is ab-

sent in some areas and is in excess of 10 feet in thickness in

the southwestern portion of the site.

"Limestone-Clay Rubble" - This rubble, a regolith de-

veloped before deposition of the Spoon Formation, is a silty

clay and limestone unit that forms a wedge-shaped deposit on the

downthrown side of the fault zone. The silty, illitic clay con-

tains 25 to 35 percent angular limestone fragments, that vary 
from

less than 1 inch to 1 foot in diameter, with the average size 
of

less than 3 inches.

Brainard Formation - The Ordovician-age Brainard Shale

unconformably underlies the Spoon Formation and is a gray to

greenish-gray shale with interbedded light gray, calcareous and

argillaceous siltstone. The unit is fossiliferous, thinly lami-

nated, and highly weathered. The Brainard Shale is not found in

the vicinity of the proposed expansion since it was removed by

erosion prior to deposition of the Spoon Formation. A maximum

thickness of 13 feet of Brainard Shale is found in the southern

portion of the site area where it conformably overlies the Fort

Atkinson Formation (Dames & Moore, 1975).

£ Fort Atkinson Formation - The Fort Atkinson Formation

og consists of an upper interbedded, gray shale and limestone unit,

and a lower, light gray to white, coarsely crystalline 
limestone.

15



A transitional zone occurs at the base of the formation and

consists of a 1- to 5-foot-thick gray, silty limestone inter-

bedded with green-gray, silty clay layers. The Fort Atkinson is

generally the upper bedrock unit in the area of the proposed

expansion, particularly on the upthrown side of the fault zone,

and weathers to a yellowish-reddish-brown limestone with solu-

tioning evident along joint and bedding planes and fractures;

clay fillings and secondary calcite also occur in these fractures

and bedding planes.

A maximum thickness of 49 feet was penetrated by bor-

ings; however, where faulting has affected the unit, repetition

of strata has thickened this formation (B-6, B-16 and B-17).

Erosion has greatly reduced the interval on the upthrown side of

the fault zone.

Scales Formation - Conformably underlying the Fort

Atkinson Limestone, is this medium to dark gray, calcareous shale

which is locally fossiliferous. Bedding characteristics vary

from massive to thinly bedded, depending on the silt content of

the shale. Where not influenced by faulting, the average thick-

ness of the Scales Shale is 68 feet.

Galena Group - The upper dolomite unit of the Galena

Group unconformably underlies the Scales Shale. The dolomite is

medium to light gray, argillaceous, finely crystalline, medium to

thick bedded and locally vuggy. The total thickness was not

as
penetrated by the borings.

no
f-I
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GEOLOGIC STRUCTURE

General

The general structure of the site is shown on Figure 9.

Regional dip of the bedrock is to the southeast. Structure

contours on top of the Scales Shale in the area of the site were

prepared and show a southeasterly dip of 138 feet per mile. The

Scales Shale is structurally higher at the northwest corner of

the site (northeast side of the fault zone), and dips to the

southeast with the axis of plunge parallel to the strike of the

fault zone. The southeast-plunging anticline is responsible for

the variations in dip seen on the structural contours drawn on

top of the Scales Shale.

Joint directions exposed in trenches were mapped and

indicate two dominant joint trends. One dominant joint set

trends nearly parallel to the fault zone (about N40
0W, ranging

from N10W to N500W) and the second dominant joint set trends

nearly perpendicular to the fault zone (about N65
0E, ranging from

N600E to east-west)(Figure 9). The joints range from closed to

solution-widened and filled with silt, clay and sand fill mate-

rial. Northeast joint sets mapped at the site and regionally

identified are extensional features formed perpendicular to fault

axes.

0 The location of the northwest-trending en echelon

°a faults along the crest of the anticline (Figure 9) and the direc-

tion of the joints measured across the anticline indicate 1) that
'-I
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tensional forces across the crest of the fold produced the north-

west-trending faults and joints, and 2) that extensional forces

created the joints perpendicular to the fault. As can be con-

cluded from regional tectonic forces, the compressive conditions

that caused the northwest-trending folding are also responsible

for faulting and contemporaneous jointing. A strain ellipse

diagram shown on Figure 9 gives the orientation of strain axes to

the geologic structures found at the site. The naJor and minor

axes of the strain ellipse correspond to the direction of re-

gional tectonic forces previously discussed. From a structural

standpoint, the most logical location for the fracture pattern

developed at the site is along the crestal high of the anti-line,

as shown on Figure 9.

The location of the fault zone, the length of segments,

displacements, and the trend of the different segients have been

inferred from boring data, geophysical surveys, and exposures

from trenches excavated at the site (Figure 9). Displacement

measured on top of the Scales Shale Formation along the fault

zone varies from about 10 feet at the southeast corner of the

site area to 45 feet adjacent to the proposed expansion.

Geophysical profiles conducted in 1974 (Dames Fr Moore,

1975) revealed several anomalous areas which could not be fully

explained by the information available at that time. Interpre-

tations from subsequent studies have shown some of these anom-

01 alieu to be areas where the en echelon segments of the fault zone

o ~ occur. Recent boring data substantiates this interpretation.
ro
ED
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The individual segments of the fault zone were found to vary in

trend from N400W to N480W but average N450W.

Details of the area outlined by the rectangle (proposed

expansion area) in the northwest portion of the map (Figure 9)

are shown on Figure 10 and are discussed in the following sec-

tions of this report.

Geologic Structure of the Proposed Expansion Area

The proposed expansion area has been extensively stud-

ied (Figure 2). Fault locations and relative displacements of

the faults are shown on Figure 10. These normal faults are drawn

from data obtained directly from borings (Figures 4.1 to 4.18),

from trench exposures (Figures 5.1 to 5.11), and from data extra-

polated between the trenches and borings. The trench excavations

provided the most comprehensive information concerning the de-

tailed structural relationships of the fault zone, including

displacements of faults, orientation of faults and joints, and

continuity of fault blocks.

Borings revealed a general decrease in elevation of the

Scales Shale (Figure 10) and the bedrock surface to the south-

east. Elevations on top of the Scales Shale varied from 523.1

feet at Boring 9 to 439.0 feet at B-6 as a result of multiple

fault blocks which occur in a step-like pattern between the two

borings. The greatest drop in elevation was found across a

northwest fault zone that was traced between Borings A-8 and A-9,
to.
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between A-2 and B-13, and between A-6 and A-7 (Figures 9 and 10).

This trend, in effect, is the trace of several en echelon faults

with major displacements on two of the faults (Figure 9). These

two major faults, located on each side of A-8, were traced in

trench exposures from CT-4 northward for 140 feet to CT-7 and

reveal one block about 4 to 6 feet wide between the two faults.

Evidence that indicates this trace continues further to the

northwest was found in AT-4 and CT-6. Pxcavated outside the fence

line of the facility. At these locations faults were nut iden-

tified within the rocks exposed; however, relationships of the

near surface bedrock support the occurrence of structure beneath

or near the excavations.

Two borings, A-8 and B-13, were drilled w.thin this

block separating the two faults. Boring A-8 was at the southern

part of the proposed expansion area and had an elevation of 501.9

feet for the top of the Scales Shale. The Scales Shale was found

at 520.1 feet in Boring A-9, 15 feet northeast of A-8. In Boring

B-1j, drilled on the same block as A-8, the elevation of the

Scales Sha".e was 501.t feet. Elevation of the Scales was 518.1

at B-14, t feet to the northeast and on the upthrown side of the

faults.

Trenches AT-L, AT-2, and AT-3 (T-1 through T-3 of 1974

report) revealed a faulted block of Fort Atkinson Lirestone and

provided exposures that later supported the prese!.ze of sets of

c imultiple fract.res in the proposed expansion area (Figure 10).
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Trenches CT-1 through CT-5, and CT-7 were dug i:o further deline-

ate this structure and for correlation of previously known fault

blocks. During excavation of the CT trenches additional faults

were uncovered which were probably several feet below the level

of the AT-and BT-series trenches.

Relative displacements of northwest-trending normal

faults within the proposed expansion area are predominantly down-

to-the-southwest. Several faults exposed in Trenches BT-I, CT-1,

CT-., and CT-5 have downward displacements to the northeast on

the top of bedrock, and a graben block, exposed in CT-3, exhib-

ited displacement of about 1 foot on the top of bedrock. The

variability of displacements of fault blocks and the different

amounts of throw measured on the For: Atkinson Limestone and the

Scales Sbale are characteristic of en echelon gravity 
faults

produced by antithetic tensional forces.

These faults probably converge vith depth, creating

step-like extensional blocks that have variable displacements

relative to adjacent blocks, and may also have moved rotatively

in association with individual blocks. Tilted blocks, as seen at

CT-3 (Figure 5.6) nave been gravity-induced and are 
slightly

arcuate with depth.

Cross faults and joints in the proposed expansion area

are perpendicular to the northwest-trending fault axes 
and create

0I a series of en echelon down-to-the-southeast blocks that 
are

Olt
IO shown on Figure 10. Their occurrence has resulted in two phe-

nomena evident in the proposed expansion area.
'-4
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First, the trend of the northwest-trending en echelon

faults changes from N45 W in the southern part of 
the proposed

expansion area to about N25
0W north of the two northeast-trending

faults neaz Boring B-6. Based on field data, the N450W trend is

again predominant to the northwest of the proposed 
basin expan-

sion and demonstrates the local nature of the direction 
changes

of the fault zone's segments.

Secondly, lower elevations of the top of the Scales

Shale are found locally on the south side of the 
northeast-

trending faults. This occurrence is evident at Boring 2 (drilled

in 1967) and is particularly noticeable at Borings 
B-6, B-16 and

B-17 where 40 feet of downward throw has occurred 
between the two

en echelon, northeast-trending faults. Boring B-6 was drilled

early in the field investigation of 1976 and revealed 
an un-

usually thick section of Fort Atkinson Limestone 
(78.6 feet).

The elevation of the top of the Scales Shale at B-6 was 439.0

feet which is 36.1 feet lower than at B-15, approximately 12 feet

to the northeast; and approximately 75 to 80 feet lower than the

formational top on the upthrown side of the fault 
zone. At

Boring B-17, about 12 feet east-southeast of B-6, the top of the

Scales Shale was at 4'4O.8 feet with 78 feet of Fort 
Atkinson

present. The top of the Scales in B-16 was at 452.5 feet; where-

as on the north side of the northeast-trending cross-fault, the

elevation of the Scales Shale at B-15 was 475.1 feet. This

relationship indicates a localized structural feature 
at Borings

so4
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B-6, B-16 and B-17 which can be interpreted as a localized,

fault-bounded block with maximum downward displacement, 
or tilt,

to the north.

Faults mapped within the trench excavations correlated

well with fracture zones measured in the angle borings, 
B-l, B-3

and B-4. Figure 13 shows the relationship between the boring and

trench data and depicts the continuity of the faults across 
the

proposed expansion area. Angle borings were drilled at 60 degrees

from horizontal in a direction perpendicular to the fault zone

(Figure 10).

The correlation between the trench exposures and the

boring logs is indicated by the shaded area on Figure 13. There

are two reasons for this shaded area of correlation. First, di-

rection changes, both vertical and horizontal, are unavoidable 
in

any angled drilling operation. Secondly, the fault planes are

undoubtedly variable along the trace of the fault and 
an average

value, depicted as a straight line, is shown rather than 
multiple

short segments with variable inclination which are closer 
to

actual conditions. The dip of the faults ranges from 80 degrees

(inclined to the southwest) to vertical as measured in the field.

The interpreted sequence of closely spaced, near-

surface faults shown adjacent to the proposed expansion 
area but

not in other parts of the area is the result of extensive 
field

*' investigations within this area and the lack of near-surface
0%on

0 evidence for faults near B-6 and further to the west. 
Appar-

ently, faults located at B-6 and further west are expressed 
at

rA

23



lower elevations than in adjacent areas. Boring data indicate

their presence, but the thicker and deeper (relative to ground

level) deposits of Spoon Sandstone have covered the faults found

within the Fort Atkinson Limestone on the east side of the fault

zone.

The faults shown on Figure 10 are in the center of a

complex structural zone (Figure 12). This area, which includes

the regional fault zone shown on Figure 9, is bounded to the

southwest by a graben which extends for about 2000 feet to the

southwest where it is bounded by another northwest-trending fault

(Figure 12). The upthrown blocks are capped by Fort Atkinson

Limestone and the downthrown block is capped by Spoon Sandstone

which covers the Fort Atkinson and filled in the topographic low

created by the graben.

In order to relate the results of the extensive site

investigation to the regional geology, lineaments were mapped

from an aerial photograph (Figure 11). Lineaments interpreted as

structurally related are often expressed on the ground surface by

slight topographic relief and predominantly trend either north-

west or northeast. The interpretations of lineaments are pre-

sented on Figure 12.

SITE GEOLOGIC HISTORY

The geologic history or the site area since the Ordo-

- vician Period hab been described and documented in previous
to

Dames & Moore reports (1975). Studies prior to 1977 provided

2IRS 4. Means
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evidence that indirectly indicated that major movement 
of the

fault zone occurred prior to deposition of the Pennsylvanian

sandstone (Spoon Formation), based on three spatial 
relation-

ships.

First, deposits of Pennsylvanian sandstone fill solu-

tion-widened joints at the site and grade outward to 
argillaceous

siltstone and/or clayey silts. These siltstones and clayey silts

apparently represent the original pre-Pennsylvanian 
joint fill

that was later cut and filled with Spoon Sandstone.

Secondly, a regolith, consisting of silty clay and

limestone fragments and formed prior to sandstone deposition,

cover the surface of the exposed Fort Atkinson Limestone. 
It was

during this period of erosion (non-deposition) that the wedge-

shaped deposit of clay-limestone rubble, over which 
the Spoon

Formation was deposited, was laid crn the dowathrown, southwest

side of the fault zone. This clay-limestone rubble was deposited

as a colluvium shortly after faulting, emd shortly before 
the

Spoon Sandstone was deposited. If this was not the case, erosion

and material slope development would have removed 
this temporal

unconsolidated deposit after a short span of geologic time.

Either during and/or shortly after deposition of the sandstone,

differential compaction and slumping probably occurred in the

wedge of unconsolidated regolith, which resulted in gentle sag-

ging of the overlying Spcon Formation bedding and increased the

cr

C inclination of the beds

itt5aM~~t*
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Thirdly, in the northwest corner of the site area,

sandstone overlies the basal 7.5 feet of Fort Atkinson Limestone

on the upthrown side of the fault zone; the remaining section has

been eroded. The sandstone on the downthrown side of the fault

zone overlies 42 feet of Fort Atkinson Limestone.

These three relationships provide stratigraphic evi-

dence that indirectly demonstrates pre-Spoon Formation faulting.

More specifically, the presence of the clay-limestone rubble as a

colluvial regolith places the time of faulting shortly before

deposition of the Spoon Sandstone -- i.e., Early Desmoisian

(earliest Pennsylvanian) to post-Chesterian (latest Mississip-

pian). This time interval (approximately 280 million years b.p.)

for faulting is further supported by the lack of comparable off-

sets in the Colchester Coal (Middle Desmoisian) which is the

lowest unit in the Carbondale Formation and overlies the Spoon

Formation in the area. The Colchester Coal (also termed the

No. 2 Coal) has been extensively mined where present south of the

site area, and numerous mine exposures and pit slopes have shown

no significant structural displacement associated with faulting

(Buschbach, 1977).

The Illinois State Geological Survey in 1975 performed

X-ray diffraction analyses on Pleistocene glacial till samples

which directly overlie the fault planes in several trenches.

° Their analyses dated the material at 15,000 to 17,000 years

° (b.p.) and definitely shows that faulting occurred at least

before this time since the in-situ Pleistocene strata were un-

disturbed (Dames & Moore, 1975).

26



Potassium-argon radiometric analyses of clay taken from

the fault plane exposed in BT-1 were made in 1977 (Krueger, 1977).

Results dated the clay at 457 million years (b.p.) t 16 million

years. The results indicate that the clay is the same age as the

surrounding Ordovician Limestone (430 - 500 million years.

Willman and others, 1975) also exposed in the trench, and thus

were not substantiating.

Field work in 1977, however, provided direct, conclu-

sive evidence documenting that faulting definitely occurred .prior

to deposition of the Spoon Sandstone. This evidence was found in

the exposure of Trench CT-7 (Figure 5.10). At this locality, the

Spoon Sandstone extends continuously bedded from the southwest

end of the trench to within 5 feet of the northern edge of the

trench. Within this 50-foot interval, the sandstone is nearly

horizontally bedded over the Fort Atkinson Limestone on the

downthrown side of one fault, continues at a slight dip over the

wedge-shaped clay-limestone rubble adjacent to the upthrown block

formed by the fault movement, and directly overlies the fault

plane and adjacent upthrown block. The sandstone is found over

the width of this fault block and continues to a second fault

that bounds the block to the north (Figure 5.10). The perspec-

tive of the trench wall shown on Figure 5.10 gives the apparent

view that the sandstone overlaps the uppermost fault block. The

sandstone does not lie over this block as determined from field

0* inspection; however, due to the oblique angle of the trench to

the strike of the fault plane, this relationship is not apparent

when shown as a two-dimensional profile.
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CONCLUSIONS

The evidence of the Spoon Sandstone directly overlying

a fault and fault block of Fort Atkinson Limestone conclusively

dates the fault as having occurred no later than pre-early or

early Desmoisian. The presence of the clay-limestone rubble as a

colluvial wedge-shaped deposit along the fault block supports a

probable post-Chesterian age of faulting. This age of faulting

(post-Chesterian/early-Desmoisian) at the site is supported

further by the regional geologic history. Initial deformation

along the LaSalle Anticlinal Belt and the major movements of the

Sandwich Fault occurred during post-Mississippian/pre-Pennsyl-

vanian time (Payne, 1940; Willman and Templeton. 1951) and is

equivalent to the age of site deformation.

Continued uplift within the area occurred after Penn-

sylvanian time, but-this renewed activity was of less magnitude

(Willman a.d Templeton, 1951) and may be partially responsible

for warping or increased inclination of bedding planes within the

Spoon Formation during its unlithified, unconsolidated state. No

displacement or offset is found within the beds of the Spoon

Formation at the site.

The NRC criteria for faulting as defined in 1OCFR100

requires that a fault has not moved in the last 35,000 years or

has no history of recurrent movement in the last 500,000 years.
4 *!

0% The stratigraphic evidence found throughout the site, both in

4 this and previous investigations, indicates a pre-Spoon depo-

r4 sition age for faulting. The relationships observed in Trench
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CT-7 provide substantiated proof that the faulting occurred in

post-Chesterian to early Desmoisian time (approximately 280

million years before the present). Therefore, the faulting at

the site is not capable.

Expansion of the storage basin at the site will involve

excavation of the area shown in Figure 3. This excavation will

be mapped by Dames & Moore personnel in order to fulfill NRC

regulations regarding mapping and documentation of safety-related

excavations for nuclear facilities.

-- ooOoo--

The attached tables and figures complete this report.

Respectfully submitted,

DAMES & MOORE

Michael L. K
Partner

John S. Trap
Senor Geo gist

Charles S. Kuntz
Staff Geologist
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KEY:

IdDICATES PERCENT OF CORE RECOVERED.

IO0 INDICATES DEPTH AND LENGTH OF CORE RUN FOR
(50O1 NX DIAMOND ROCK CORING.

INDICATES ROCK QUALITY DESIGNATION.h INDICATES DEPTH AND LENGTH PRESSURE TESTED
AND PERMEABILITY IN CENTIMETERS PER SECOND.

NOTES"
1) SOIL DESCRIPTIONS ARE IN ACCORDANCE WITH THE

UNIFIED SOIL CLASSIFICATION SYSTEM.

2) SOILS WERE VISUALLY CLASSIFIED USING AUGER
SAMPLES.

3) ANGLE BORINGS ARE MEASURED FROM THE HORIZONTAL
(GROUND SURFACE).

4) FRAKTURE ANGLES WITHIN ROCK CORE ARE MEASURED
* PERPENDICULAR TO THE LONGITUDINAL AXIS OF THE

CORE.

5) COORDINATES REFER TO GENERAL ELECTRIC PLANT
COORDINATES.

6B ELEVATIONS REFER TO U.S. GEOLOGICAL SURVEY,
MEAN SEA LEVEL.

BEDDING TEtHlMNOLOGY

THINLY LAMINATED - LESS THAN 1/4 INCH
LAMINATED - 114 TO 2 INCHES
THIN BEDDED - 2 TO 6 INCHES
MEDIUM BEDDED - 6 TO 12 INCHES
MASSIVE BEDDE6 - GREATER THAN 12 INCHES

WEATHERING TERMIWJLOGY

FRESH THE ROCK SHOWS NO DISCOLORATION, LOSS
OF STRENGTH OR ANY OTHER EFFECT DUE

O TO WEATHERING.

SLIGHTLY WEATHERED ROCK IS Si IGHTLY DISCOLORED WITH A
SLIGHTLY LOWER STRENGTH THAN

O UNWEATHERED ROCK.

MODERATELY WEATHERED ROCK IS CONSIDERABLY DISCOLORED WITH
A SIGNIFICANTLY LOWER STRENGTH THAN

to UNWEATHERED ROCK.

HIGHLY WEATHERED ROCK IS DISCOLORED AND WEAKENED SO
INTENSELY THAT 2 INCH DIAMETER ROCK
CORES CAN BE BROKEN READILY BY HAND.
WET STRENGTH iS USUALLY MUCH LOWER
THAN DRY STRENGTH.

KEY AND GENERAL NOTES FOR LOC OF BORINGS

R.. s 4o0

FIGURE 4.0



r""N I
BORING B-I
SVRFACE ELEVATION 531.2
COORDINATES S 766.6 E 215.9
6O CEGRIE ANGLF BORtING

SYMBOLS DESCRIPTIONS

0 -GRAVEL "UFACE FILL
MLBROW1N SANDY SILTY 11W SILTY FINE SAwo WITH T1ACC 530

CLAY; 1 S0F To MDIUM DENSE

SMLIGHT BROWN &MD GRAY SILTY Frut Site WITH SOlE

SM- SAmOSTOIE FRAGMENTS. MEDIUMN CEIST TO CCNSE

48 ~ PENNSYLVANLIA SYSTEK~ 525
4 X8. SPOON FORMA'l ION~O)SAINDSTONts LIGH~T GRAY. WEATHERS LIGHT ORAMNSO-l'-NI

TW-T0 MEDIUM GRAINEDI THIN KOKOC: LOCAL
f 0 CALCAREOUJS CEMENTLTION: HIGHLY WEATHERED.

OQOVIClAPI SYSTEM
NM41101E1A GROUP 

2

(3S~~ FORT ATKINSON FPOAMTION5 0
INJTERSEDOEO LIIESTONE LID SKRLE-; LIMESTOMEI LIGHT

FGSf.LlrERO"JS NlGkLy WAr.CEtD TO I1.1 FEET. THEN

2 5SLIGHTLY WEATHEREDz FRIOEfous $WALK PAREwEsm SHALE:

*2LOCALLY DI5701120 SIRUjCT9IE; K RAntvL TO HIGHy - 515
* N~~E&114 E0 TO 11.1 FEET. TNEY4 SL'041lt WEATHERED. *.

L2 0 OH ; L GI4T GRA R; PI HE- TO COARSE C ft1S1ALtt u 'L

I TRACE 7P'?T: OCCLOO M NC fLAT SW LEP'l.'i

k* 52.5 'QQ'T pi t,.i17 CA O .5 iP PT,.CT1210M L FE ,

J O SLIITO HEI~MRS Iol -.-. tierIO 4 i LO A L ~S S A

SC LIS VQHAE &N O t S IK skI
S LSW A:(l k C A A C R11n I- IS F(W' LOITED; S 1IM r.z0

3 0 - a~cLFDIXLIFILC IL~C'STE El LI S L'G"TLY SU

1.8 toot *I1 tLII CLAYIY1 T * ra l1.5 FELT trauLT 0
35 N0

too ~ 101111()

5.1 OP N i t Sq &O t-rlov Z 4FCC? 17 f U
40C hO root CLALYI PM-,1 Z0,4 fI"H c.I FELT (Paj.

l5I*.f too *.. tlp llku % IX Fl.9 17.l 1'si l
.1 O G 1 11 7 B 04Z- T G O A C 4 9 0

50

BORiN CWRLEILE Al 'A.1 FEET ON %.12.11.48.
CASIPSO M DS 10 A DEFINI Or 6.5 FCE?.
LROUVIWIATILK LEVEL RECCORO St 1.5 FEET a1-13-%.
PI(TUHITEA IlkSTALtED BECNn(ll 18.0 me 9D.1 FEET
ON 4 13-76.

0
I

alk
0
I

LOG OF BORINGS

I FIGURE 4.1



,~om I
BORING B-3
SUtRACe tELEVATION 530.9
COORM iAMfS s 775.6 E 196.o

60 £ A)*O"E BORING

SUOLS D$W ik
GRVLSRAEFILL 5570

O ML CLAYE SILT WITH SOff FINE SANDIO STIFF

tlCHt mlUIwwISh tRAY SILTY FIIIE SAltD WITH TRACt

S tUY AND SE WEATHERED SANDSTONE GRAI)EL

5
_- PENNSYLVANIAN SYSTEM 525

SPOON FOUIAT ION
SAIIOSTONiC LIGH4T DROWIISS4-GRAY: FIVE TO IEORW

(tF S=AltXtOtI SLIGHTLY CALRLEtOUS;I THSIN BEDDED. MKILtATELtY

10 'WEAtERED.
fo ORDOVICIAN SYSTEM

loqaQIE~TA GROUP

FORT ATKINSON FOaWqTION W2C
INTE _OVFR LIMISTOE AND SHALEs LIIESTOEsI L1I64 -

I.KATS P [ML To ILUIW~ ~IA-1U IXXEV!!WVALL1%Ei

15 IFOSSILIWOUOSi DECATEV To SLIGHTLY WATlEACOS

GRAT9 CLAYYIi TI4IKLY LAMNATEVUTflTVYI CALCAREOUS:S
FOSSILfPEROUtSs HIGHLY TO' MCERTELY WEAMEREDI 55
OCCASIONAL L3NESTONE INCLUSION. 1
0.5 WooT GREEN CLAYEY SHALE SEAM FROM 16.6 FEET

20 LtICtr' ;a tsG4? GPAY FINE To CO&ASE CRYSTALLINE,
W0TUN BEDDED; OCCASIONAL HEALED SJORIZNTAtZTAL

FRACTUREI FRESM& OCCASIONAL GAEEN CLAY IPRTN

OR fRACTURE FILLING$ TRACE tITE. 5/0

25 D.,6 FOOT PARTIALLY HtALED, CLAY FILO FMACTURI

zONtE FRO 2t.S9 FEET

600 PARTIALLY HtALED, CLAY FILLED FRACTURE FRON

30 28.' T 505

tu CRAVES WItH 105 PINPOINT t0 0.02 FOM VGS &NO

I 35 LOCALLY ARGILLACEOUS 500 ¢

S5 C4 OfEN FRACTIAt FROM 39.A FEET K

40- 495
100.

45
_ GRACES LOCALLY 10O VUGY 490

G5ADES SItjGTLY ARILLACEOUS

so - 100 ~~~~SCALES FORPAYION UgTIL ~til~ OAL
5171 SHALEt KCDILUI DARI ClIAY TtI1KU LNttO lOCALLY

_SI OS LTY; LOCALLY OISfOftT9O ST1ttCYi4l 485
LOCALLY CALCAREOUSI FRESIS OCCASINLCAE EM

k. PARTIALLY HEALED, SLIMENNSIDED FrACTUS FrM
ANID 54. FEET

1,5° OPEN FlACTIPE FROM 57.1' FEET 480

. 0.'. Foot CLAYEY ZN FROM 59.5 FEET

60 24 RAS WTN SEVERAL 300 To 
4 . 

OPEN AND OCCASIONAL

(341 SLICKEkSIDE0 FRACTURES FROM1W D . FZ

- 475
65 o 6FOOT HIGHLY FRACTURED NE FROm 66.1 FEET

2 55* O'rE FRACTR FROM 68.6 FEET

roe 470
tO~~l 2.FOOT SLIGHTLY VL-THERED A~NI FRACISRED ZONE FROM

7.I5 TO 73.5 FEET (POSSIBLE FAULT ZONE)

2 . BISECTING 40 OKE SLICKENSIDED FRACTURES fROM

75- 7'.1 FEET (FAULT ZDNET

LOG OF BORINGS
SHEET I OF 2

..mu .. a omm

I FIGURE 4.2



BORING B-3 CONT.
*UPACE f1XVAr1O# 5)0.9
C&7ORDS fU5 S 773.8 E 196.0
60 DEGRE ANGLESWRING

sYafou
75-

80-

6S

I

In.

k,

k4I

85

90-

2

S'
1702

94
(60)

AFSCR/pr/#S
0.3 FOOT EAOGIN ZONE tROMF 76.3 FEET (POSSIstE FAULT
ZONE)

tt OPEN SLICKERS SIDEt FRtAC7UES FROM 80.0. 10.9
ANO 81.7 FEET
60° OPEN FRACTURE FROM 82,9 FEET

GRADES SLIGHTLY WEATHERED WITH OCCASIONAL CLAYEY
SLAMS

- 465

-S-

460 t

455

"ILA.
- v.

95-

100-

GALENA GROUP
WDOllITEs LIGHT GCUT; FINE CRYSTALL''z SLIGHTLY

-C ITLLACEODJSs MEDIUM KDOEDs S Pt OtINT VUGS;
FP(SHl CALCITE NEALID FRACTURE.

SORING COtLELOED AT 96.6 FEET ON 4-7-76.
CASING USED TO A DEPTH Of 5.I F£ET
GAOUNOWATER LEVEL RECORDED AT 6.0 FEET ON 6.84-6.
PFlZOPTCA INSTALLED BETWEEN 4.0 AND 96.6 FEET
ON A.-7-76.

U

0~
0,
ao

40
10

(0

LOG OF BORINGS
SHEET 2 OF 2

I M a a 8 u

FIGURE 4.2
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BORING 8-4
SURPAC( fLfVArT/ON 530.5

COORPIMArES s 5710.0 E 3.
go OWLIt AGlE SOWNI

0GRAVEL SURFACE FILL.5r
p0itI CLAYET SAPNDY SILT WiITH 'MACE SANDSTONE

MLLIGHT SARfW9 AND GRAY SILTY FINE SAND WITH SOME

5 SM CLAYS S0lE SANDSTONE GRAVEL; KOM DENSE TO

MUMSLAVA SYSTEM 5?
*-- SPOON VORM4TIOI(

SAIMSTONEi LIGHT BROWISH-GRAYS SWl Q*AiCISH.3ROW
sTmmUfGs Fiti TO MWJIth GRAINEP; TMliO KCD~OZ

10- ST LOCALLY CRUSSMOa0; 1IGHLY W&ATHEREDz NfMERISS
(SISt~lVERTICAL, OPENS FRACI1MSa TRACE SLACK CARINu

PART INGS. 0
GRACES IODERATCLY WEAT)(RLO WITH CALCaR(oJ
CMENETAT ION

FORT ATEINSON FORMqATIO'
lNiERBED(MO ItIEST0IlE £30 SNAl: 1. TON LIWH

GKA Il r FIfLE TO CO R A R )T L Ig 5 15
UMOVD LOCALLY ARCILLUCCOUS; FOSSILWFIEROs

1531 ~~SLIC'ITLY WAATHEMft( IKIMEROU SNAIL PARTIUCSI ~&
20o MEDIUM OARK CRAT; SILTY, TINILY L&MINATED;

FOSSILIFEROUSs WOCILI. CLAYEY, SLINTLV !9 ICNCtAYLY

WEtAT4EEAD, OCCkSIONAL LIMESTONE fltw$iOU.
0.6 FOOT FRACTURSO ZONE FROM It.1 FEET 5I0

25 L!NCISNU~s LIGH4T CRAU FINE TO COARE C*YSTALLINEI
,05 muumTo THICK KDCOI LOCALLY SLIGHTLY *OILLCIOMS

TRACE P'YRITE INCLUSIORS FREgSII OCCSIONAL SW
I... HORIZONTAL PARTIALLY MEALEO FRACTISESp OCCASIONIAL

100 GREEN CLAY FILLED PRiaiimS £33 FRACTIAIS.

30 M 505

0.7 FOOT P RTIAILLT IALLO FRACITUR t=l Fun
36.& FEET

192) 4 95

0.9 FOOT HCAIO SJIIVERTICAL FRACTME r=" OA
KELI

45 -CRAM( WITI# TRAUt $*INOIMT TO 0.02 FOft V=W

&Wc 6KN~ FRJCrtR(S FROM AM6. AIM 47.e FPtA 490

50?oo GRACES wrmH LOCALLY 20% PIqACIKY TO 0.02 FOOT WIG

455

55 - SiLTSTOmC;ULIHT GREEK, CLAYEY; THINLY tIMIEaTED

SCALE$ FOKMATION
SNALE; KORNI CRAY; THINLY LuFIUAIC~t ECALY 4100
*T1S5 IFERUs: LOCALLY CILMAC*Rtl 0CC52Iama

96 CtAYIET ZONES SLIGHTLY WEEANCAll U0 VUygI OCCASIONIL,

60- 50) LIMESTONE AND CAILCARCO SILTSTUNE INCtI.5I11100.

&50 OPEN FRAL.iMIES FROR 53.2 AM 80.5 FEET
* ~1.1 FOOT CALCAREQO;FI'S, 19$TFE O, o I"l Fillo

61.5 FEET
4P OPEN FrAlIKE FUCOM 62.2 FIAT 475

65- *1.2 FOOT eLATr Z54K FROn 63.0 FMET

too 3.3 FOOT HIGHLY FtACTUACO i.IGHTLY TO PDOCRATIELY
*70 IC5) ATIRo ZnE FROM 68. hiLT (FAULT ZON)40

it 75

LOG OF BORINGS
SHEET I OF 2

I

I -

FIGURE 4.3



75 -

60-

-1%
Il Ju4J

It-

I.361

tof

1:5165 ~

$6 -

l w

I

95-

too

100
(0e) L

/00-

BORING B-4 CONT.
suJrXf LflrArloA' S3O.S
WORJAO'1rTs S 710.0 E 130.0
So op"aI AWNSL 1ALWG

0.5 fOOT CLArET ZONE WITH SEVERAL T1crT CRACTURES
FiRO 76.7 FEET (FAULT ZONE)

600 OtPEN FUACTUlE FROM 75.8 FEET
!P OKPI FRACTULES FROM 79.6 AND 80.7 FEET

'.3 FOOT FRACTURED ZONE FROM S1.4 FEET
4 OPErr FRACTURE FROlt 82.6 FEET
6C" OPEN SLICKENSIDED FRACTURE FROM 82.6 FEET

0.4 FOOI FRACTURED TZOE FROM 84.0 FEET

300 OPEN FRACTURE FRO" 90.S FEET

0.7 FCOT CLAYEt ZON FROM 93.1 AD 94.0 FEET
GALENA GROUP

DOLOXITES LICHT CRA-s SINE TO OSIUIM CRYSTALLIK;
FMW TO THICK COWD0t TRACE VUIS; FRESHs
OCCASrIOAL GREEH FL4T PARIINCS AND FRACTURE Ll INNS$
TRACE fYRITE Ao CALITE INCLUSIONS.
45C OPEN FPACTArES FROMS 9.1 AND 96.0 FEET

0.4 FOOT SUOVERTICAL OPEN FftJACTUlE RMH 91.6 FEET

WUING COMPLETED AT 99.9 FEET Cl 4--76.
CASING rm 10 A CEPIM OF 6.5 FEET.
GROUI0ATER LEVEL RECORDED Al 9.0 FEET OK i,.10.75.

PIFZOWttEP INSTALLED 3ETWEEN 5S.0 AM 91.5 FEET
0W 4-9.76.

LOG OF BORINGS
SHEET 2 OF 2

465

-460

455 V

450

445

440

- u 3s aso

0

01

0

7IGURE 4.3
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BORING B-5
SXWAf ZLEVArION 531.3
COORDINArTS S 795.2 E 222.0

0-

5-

ofscff/rv~s

DARK IM&b CLYEY SILT WMITRACXE SAM

CL SNC SIY CLAY WIN TRACE FIV GRAVEL

FEPIISYLVAN IAX SYSTEM
SPOIFORA~TlIN

SAKOTNIE; LI0HT 11RWlS10-GRAA~ FluE TO KDOUP4
TIEL IPILLT AICEREO.

FORT ATKINSON FORMATIONl
IMTIRIEOOCME TMALLHAUS IIECT~ 1A.t~ IWI NU4

my18~AIY IIILTL AEIr FaSSILIFKEUS;
6GOERATELY TO SLIQ(TLY ImP.ATHERED. LIMESTO~s
LIGHT CRAY; FINE TO MEVIh GR*INED; 171WTITIWIDW"
MEOM~ fOSSILIFERUs: SLIGHTLY WEATHRED.

84
(40)

'5-

20 -f
I

95

.251

I4 i
K 30-

sk. 35

40-

45-

SO-

55-

60-

65-

i0
S

I

9

A

i

I

I

100
19#)

100

B00
(6413

LINESTOPi~ LIGHT GRAYs FIEW TO KVI113 CRYSTRILIUs
'WIED TO THIC Ez kfEsFO 1` L47(tftM o SLI91TIY
MJAThEIRE ALWN SHALE PAXTINGSi KCCASIMNAL 1111116PLA
THINI SfALE FAATIUSSi GR11 CL*YE~s OCCASIONAL CALCITI
FILLED vUGSt OCCASIONAL CALCITE UMEDL S00IZIITAL
FRACTURCS: TRUCE MYITEs OCCASIOAL S1TYO~sTIC
SIRFACIES.

SADES LOCALLV SLIGHTL "ACILL&CEWAS

scoEAAitty WE&IICMO IE8)IG PLANE Al 13.3 rutl

GRAADE WITH lot P10WOVY TO 0.01 FOOT VOG

1.0 FOOT SIUBNT ICUL. I IGHT. eAU I'M MALIP V3AC1t
nICw. soOCumL w.ATIENI uvoins PuK &T 10.0
FEET
1.6 FOOT SlSftUTICAL CALCITE Ml 4ItSOLE
LINED MALED FRACT1W1 rNM 4646 rUT

RADIS WMll PMu SALE PARINO
cai FOCI catE. souL SEmI nRon J41 FELT
S130ES 'I4h LOCALLY 15 10 TDX P1INPINT0 TOt 0,t r
A" TRACE MOVlE INCLUSIONS

GRADES VuIfH LESS T14A* ST VtpCS,

SILTSIONiE LICHT CALEwt CLPlEYs ";IGMt WCAWP*0.
SCXErTOCUA~tO

544*LE; MEDIU TO DARE CRAY. SILTtc ~'ASILIF~S
I711INLY LAANAET[D; FUXSIj OCCASIONAL LIW51MK
I CLU1SO4~ OCCAS IONAL CLAM EA 546 OccASImIt

a-TSWFRACTLIKS.
GULLS LESS FOSSILIFEROUS

45V OPEN %LICliUICED FP.ACTUP FRM 58.1 FELT
165 0 OK% &RACnXMES F1110 58.S. 41.0 AM 62.? FELT

LJERAL 30 OP~n FUACIuWES MM 81.0 TO 81.7 FVEL

-550

- 525

-5,

-510

14&
I4- 505 t.

500 §

S.-
41'

430

415

475

470

RftIN CowlXT, AT 62.5 FEET 4-1..
CASIN USED TO A ST1 OF 8.o FEET
CO fATER LEVEL R DCOMOED AT 6.5 F O 4-2-78.

PIUOIETES INSTALLED IEWEE 3.5 AM 9.5 FEET
oW 4-7.78.

I-
0
S

0

10

LOG OF BORINGS

111 a _o 11

FIGURE 4.4



I- 1
BORING B-6
SURFACE ELCOATONr 530.2
COORVINdATES S 700.0 C 100.5

0 - S N O S CVVEL S/ACL FILL5 3 0
RW SANDOY SOLT WITH SOMf CLAYs STIFF TO MEDIUM

MLLIC 5 
MAY SILTY FINE SING WITI4 SOW. SANDSTONE

GUYEL; MEDIlUM MUSE1 TO MUSE

5- S525
notj. p(Isy5LvantiA SYSTEM

SPOO' FORiqar Io
SAIIOSTW1: LIGMT I c' TWaL ORtANGA STAINIUGs FIlE

10 - -7-IUP GAAIS4ED; MIICACEDYIS FRIABL[s THIN IEODDE 52
to0 I0 rwSSIVE. SLIP47LT ChLrhALCOUS PIDDIAAIELY

100 ~ WEATHERED; 0lOE DISCONTINUOUS T14(1 "ICA PARTING.S.

(44 rR&VES SLGH7LT WEATHERED: PML CALUXDA1US

OADOVICIAO' $SYSCM
0IhQWOKTA MIOL?

,;FORT ATKINSON FORWITION U Ko T51
4INERBLOOCO S AL ANS L I.A s I SWq~ ; ic i '1

D iSIOPTEO 5TRIJCTRAM SLIGMTLYTO1 HDOCtA1EI.Y
WEATW-XZO. LIIESTONE. LICS4T WAY; FINE TO WOIVIR
&CU.IL;Er -T4EIDDElp S OM : FOSSILIfERJO SI

20- 9'RESi. To SLt0hTLY W.AnMEROs SEVERAL TRIM SANU - 51 0

25- SHAL LI(,HI M AKEI[ISA-4ATI WI
T

H SOKE J.P$1K 505

I.. LIMSIONUC LIGHT &AAi r,'c 70 eMLKsu COYSIALLMC TWIN

Ia~~j TVEDtupt Wngo( LOCULT FOSS-LIFCROUSt LOCALLY '
SMAEiS OCCaltOUL PUL%1514.f.RA CLAYEV SHALE 11

'. 30 1 0Y1441tor aft10 114m ormialcos. 500 k

55- ~SmAtt: I(Aftl*4AYs rNwWLV LAP'%lt~s LOCAI.V CLAYKY. 49
OL T1107lY EALCAAIOUi LOCALLY CISTORiTE ST"'tIILs
W, itsOCCASIOU 1. SI IISCOCtlO I.'C510' $ T.Act PYRItf .

40- 
490 ki

45 - 1~~.54 OPEN *mActial FlON V,.* raCC4I

UPS0  ShEN fRACILOCS V "c 41. AM IL?3FE
LIWISlOM~t LeHTs G"I FINE it COjMAS CnIITllifffN:

7t w SttomC WCAltt Pit 'C: SEVEPAL WEALLO,

50- CLAYE SMALL. CALL'?C,4W% MM't FILLIP FWTURE 450
Wo~ S ALUD " mAISIE (309. 4.C FELT

too ~ FRO" 50.1 Yf 55.5. W( i LAPuCL svmrf'AL III INE
I.I.HLIEST"lE F'ILUD 10TH ELI SMAL~s =Etc: DISTORTEll

* E92) STRUre~mtE 'SLYVLtL Utw ~. .~ FULACTWES- TWICE

GRA1DES TO LIrtMKl WU'1W OCCAS'OMNAL CLAY FILLED

PARIthES MM WEALED Fw~iLISA

(0 ROM .(A .1 io 9 A.6 FEET A LARC C CLATE Y SMALL AM ~ 4 740
60RITE FILUD VIRAT IN TMC LIWSCSUI-.t CLAYIE

a'- 5I4MALE "AlS DISTORTED STRUCTOM WITH1 FRACTWES

65 
465

0.6POT LA A PYIT FILLED FRACTURE IFRO 69.O 46

1' 5 Fto FUN ACIURES (WON 70.'.. m. AND yz.t FLct

0
FROK 7%.I ID 91.? LIMESTONE WIS UARCE FRACTUWL

4 d + LlINED seTH PRMITE 330 FILLED yITn DISTORTED MREN
CLAYEY SMALL

LOG OF BORINGS
SHEET I OF 2-

I FIGURE 4.5
-



BORING 8-6 CONT.
.jafmx drLLVATJO 530.2
CO0P/WfAr1S S 70r.0 f 100.5

.04
97

(44,

$rAVOLS

FrACIUNED LIMESTONE wIIH CgaCI CLAYEY SHAUL FILLl

'1~

W..

IAJ

a55--

so-

too
1400

- 455

- 450 1%

41

-445 t

-440 i:V

45s 0

CUP0

SCALES IMPPT10%
SNALEs ItDItA TO OM xAAs SILT: THINLY UtMIATED;

TOSSrMIFEMUIs REs SEVRL; *5°0 5OM FrACSIWs
OCCASIOAL LINESTOPE tET1EPO.

95-

'100-
OWIIG CPLETE Al SI.? ftt a -- 2-79.
CASING ISD TO a 'm of GA rut.
CAIW4TEN LEiVU KC . AT 3.0 E CIO 4
PIUMETI1 llST tALt1D ILEM 3.S A 13.0 FgcC
aN 4-.-76.

U

0

01

0

4.
40

LOG OF BORINGS
SHEET 2 OF 2

n a _

FIGURE 4.5



BORING 0-7
SURF" fLEVArIC, 537 .2

CWORVlff1TL S 761.0 C 290.0

0- WYCTL SUP14AC FILLU

DMIL W-A CLAY" SILT 530
~An CUTOR~ SILTY CLAY WITH TR.ACE SAX0 ME

FINE GRAVEL; STIFF
5- "ROII STSTECP

7. KQWTA Ca"J
tis) FC~AMEICm FORMT~ft

UQ! j IGT GRATj &WEA"RSDARK RAWIN. -525
WICOI, KDDOs IV% PISMINT, OPEW IWO CALCITE

/0 ~~FILILl V~sa FMOILIFEAMlzg HKGIA ?(ATHERED TO
7.0 FMT. TME PKIRAh(LV WATIHZOI dM GREEN
CLAY lSWLE 1MTT13I, HKK1T WATMLO
0.5 FOOT SM011TICsa GFI FIUMMLIE EMN 4.3 FEET $2
0.4 FOOT HUIGEY AT.4MIM An I UACM UK fM IL S/51 (55t G010ES SLIVITLY iCATWRS. NWRAAULT MEAHUErL
0.3 MYO AMIULaCI5~ ZW. Fe-t 11.5 PUT
0.3 FOOT VERTICAL 0100 FRACTURE FMM 11.8 FEET

SILYTSOIIs LIGIfT SLIENk CLOVETI "fQlLV WATI0. 515
OMIE, C015W TO DAft QS's SILTY& TIIUTL tMINATE21

20 TOCALLY CAtEWEs; LMCLLY C..IytY: .XC&UT
FOSS'LfF[ROUT LOCALLY DISTORTED S1'IX1WZs S*.IiGTtN

CgFO VrETICAL ?3ACTI111 F?4* lie1 FUT S
too ) OVER FMAhCTS; 13.p7. lio.g. 4.4. '7.7. 181.4.

(6.. .3 ~0.1 FM0? CLAY" 2M P0SLfU0. LIICS 7 SET
67101P *Fti IfOCIAITIA uO 1A1'CRL# CL4T Oa ". LL

o.., w0.u

4I 0.1 rOOT VIAI.C fOltlrtfRAC1 LIPIESTOME SEW

45(0)3 ct"A FRACTM( "l L&c.f AA SW.9tiL

100 .1Fool MOKtAUTTY IKIT"COE CLOW" K m
* FOSL (~L~~S GEAC 1.Y

a5 L0.2 FOOT 30VIC~AtL QMAfl* F ATYY r ~ 45 F

I £30 I5. FEE 22 T 149 U

4010

I
o0.'. FMt ViutICILL GPEA FKACTUR FOWM 1£7.11 FUT 465

0 70 W9 ra

TEN ru Pt 4F3. F0'
10 A a RAETlOt AT40 62.5 fECT O ..

PII .4 (TOTLE TVT'CAL CM .IACME FI2. FE4

W 3.- 476.

LOG ToF BO p"nxtfsRiNGS. 03.6
MM 6S.S * En

2- AndHe- . -



BORING 13-8
SURFACE ELEVATION 531.7
C0ORODINArES S 691.0 E 223.0

SYN O S DES CR/PrTIO/S
r GKAVIL SURFACE FILL]1 PE rBROW CLAYEY SILT Iflli SOME SAND At° .RAYI; rF530

STIFF (FILI r53
01 - - Q 1 rJ4rOrES h4SyQr RAVEL T o(ITH L1lEStOTE

ORONK CLAYEY GRAVEL A"') CLAYEY SLT.ithLI504
5 J 8 COBRLEI ANDO BOULDErS AND SO4 76WC TO COARSE

t-K90 STIFF TO VERV STIFF (Fit.)I_|GC S525

ML
/0- h 520

/5_ 3t2-_ L
4, ORDOVICI SRITSTi- 515

.EIIJU _KAYt SPLFa TthittLYV LAitX1A01 IOCALLY

20 86 _ - sMT0Rt[D STUCT14E1 iOCAL"tCLATiEHICGNATLY

SLIGH4TLY vl wrl - 510
I,: FOOT SURV9111KAL Oftk F0At1t%( FAG.. 16.S FdET4

. sFRACTLML fr WNaFI4RCo
Q.A 7107 CLAYS'?TO WE0 FRO" O7 F 4 .. 1

25- 38 a6 OI'IIS %WhtCK4?t(0 FRACT ift IF"" 2S.V. FS4T

505

V Iclo aI. tRA IAL V 1.* If i
0.9 rO Fool sk s 1 ctsTm C rao q 11.a fET

35 s(9AL4T FpCt*(^°S ~~t$5fota ;its5I.6 a
37 100 Fit? 40.9 FOOT CL11IIV Mt FOW 1.J'1G MT ''3.7I~ 4

4 LII(STONC AiDO NOSSIL SttS mUot OfT

4r OPCN FRACILAC FRO" L1.1 FTCN
0 ,6por suzfvttttiCA r spi, OKtM 'f " 490 §

or ks,9 f(S) 14

4j J _ _ry 0, FOOT SUw KtItl CKug tl tS f*AC1l$t F'SO0
.=L t witwr 3 WIRMI'Ps 5 sw2w t tfwuA(t5 -405

I ~0.1 104t rOSSIL WED at t7J, fEl

o C _ fACES % :R fLTy AKD CO?*tTEIkT

50 _

100 L50 OPEfl FR.ACT1J*' lfW 51.t FrUT

55-

75 - 475

- 470
100 4V IpOEf tFR*ACI~t FROM (F.:,9 FEET

65 C.6 FoOT SUBVERTICAL OPtN F"-TIYmZ FROM A4.G FEET 45

70 - (too)1
os -46C
O 80RT#W COMPLETED AT 70.7 rEeT ON 3.29.7f.

I ~CAS %MG USED TO A DEPTH OF 2.7 fEET.
75 lGROUNDATER LEVEL RECOWDCE AT 5.1 FEET ON 3-31-74.

1- -455

LOG OF BORINGS

i64aUS1 W M00=11



r 1
BORING B-9
SVRFACE t(fvArION 532.0

COORDINAErs S 6188.0 E 179.0

YsrMoL S DESCRIPrIONS
0 GRAVEL SURFACE FILL

I-OTTLEO LIGHT ANO DARK BROWN SILTY CLAY WITH TRACE
CL SXND AND FINE GRAVEL; TRACE ORGANICS 530

ORDOVICIAN SYSTEK
_ ;; mQUOPl;A GROUP

5 F F onr ATKINSON FORMATION
al w LIIESTONE: LIGHT GRAY. WEATt RS to LIGHT I*OWNISH-

-161 ElljF IKE TO fOIwUM Cr. S.LLINE; THIN TO CIUM4 - 5Z5
n BEDDED: FOSSILIFEROUSt CCCASIOBIAL CLAYEY SHALE

PARTINGS. LESS THAN 0.03 FOOT THICK&I HIGHLY
I ~~WEAWIERED TO 3.8 FEET. THEN WNDRATELY WdEATWE'RED.

/0 0.5 FOOT SUBIERTICAL. OPEN FRACIIJTME FROM 6.e FEET
MODERAATELY WATHERED ALONG SHALE PARTINGS
GRADES SLIGHTLY WEATIEREO TO FRESH 520

87 c.5 FOOT SUSVERTICAL, CLOSC2 FRACTURE f'MI 10.9

_ 59) FEEt

J 5 SILTSIONCt LIGHT GREEK: THINLY LAMINATEC!'. OCCASIONAL
:-- sTFTONE STRINGERS ALD NODULESt TRACE PY11ItE:

4pTEfNERE0:UTEY 6%UPR13 OT 515
o _ k~~6' OPEts FRACTURE F^>"s IS. fOOT, t
_ _ CR ADES t0 SHALEY

SCALES FORPMATION
zo0- SH4AE; 'nEzi TO MC GRATY SILTY: THINLY LIAINATEDi

l - TC'. - WEATHERED in uPER s.C FOOT.T)EU FRESH;
TRAZZ PEITD*E veg",IbS(JS.

TI6 .51 OPEN ruCTrvEs FROP 19.7. 21.2. 2.,0 wr 21E - 510
J 1451 .. FEET

25 ~~0,7 MyO SullvERTCAL. OPEN FAACTURI FWES 2f.6 FEEl

.30 ~.5EVEAAL CLOSED p*ACUNA, 9RO.. 21.0 TO 15.j5 FEET 1

35- 12 RPLvCY SsiflY sWAI:g ISSITE 500 MLO

k Stoo) INTtRN!E'ncG sg.LISI3 AV 1 SOPE 1Is'CSTO AR; 4v4sis~h 9
4-I

- CASESFOSLILNIES490

144) *"~ GAID L.Ss VF&SfLfFERW Wltu tOICLELt T40.S 1`0I
45F STRUCTU'li AND N1j(I*v Oli TO N0 EAR: YUTICAL. OPEN

A- ND CLOSED FRAMTLRS. £N1 OCCASIONAL THIN CLACO

548

50 ~~GRAMS MORE VO&S9LfFEROIE 5V*IH OCCASIO"L LWMCITO
NODULES; LESS IFRACibRS; DistaRTED stwIWLcm
116- OPEN rRAtORT F101 SC.?. .. 5£.$4 4 0
57.k FEET US hl 8
0.2 Foot FOSSIL, scu, Fl 5l,2 FliT

.55 so

C.3 FOG? FOSSIL BED PROP 5SA Fa~t 475

co - GACS WINH LESS LINESTWN IWGUISIOW

45S3 OPEN FRICTILAES PROO £2.0, 67.8. 63.2. 63.7, 470
A"D 65.5 FEET

65to
GRADES CLAYEY PROM 67.5 1t0 68.2 FEET 4465

4 70 1
WRMINIG COWPLETED AT 70.5 FEET ON 3.26.76. 460

o ~CAZING USED TO A OEPTHOF 3.8 FEET.
GROUNDOWATER MFEL RECORDED OT 5.0 ftEE ONl 3.30.76.

75 PIEZOIEETER INSTALLED BETOSEN 18.0 AND A12.0 FEET
75 ON "~22-76.

LOG OF BORINGS

mamas* moons

I -

FIGURE 4.8



r I
BORB1IG B-10
sumcAcit ELEVAriviN 61O.4
COORDINArES 5 670.4 [ 109.1

0 GAVEL SURFACE FILL -530

5 SM LIGHT BROWN ISM- WITH SIlY FINE SAND ANTD TRA(CEA 2

AND SOME HIGHLY WEATHERED SANDSTONE GRAVELt ;

fleiSANDSTONEs LIGHT GRAY WITH OCCASIONAL gaRne STAININGs

/0 ~r7 KDIUt GAAIN[CIi THIN REEDOCO LOCALLY #.AM-S
0 BEDOEDIi I1DCRA7ELY WEAMHRED: OC.ASI0NVAL CRAY 520

SHiALE INTERSID; OCCASIONAL *LACI. CAADOO& PARTINGS&
TRACE PYRLITE.

POAOVICIAN SYSTEM

MATUOKETA GROUP
15 (70) FORT ATKINSO~N FORKATION 1

INTERSE"-.0 UKISTDOE tEDSAE IIESTONmE- LIGHT55
-- guyi tnr U ~IIIrffI- JE ME~ stALLINE,

LOCALLY ARZAILL.ACEOLISs TH4im 10 NED0OI' NEDOM~
FOSSILIFEROUSs S.. CK4LY WilTHEI.EO TO FICSEj MVICROUS
SMAL.L FARTIN41I. SHALE,; DARC G~tAi THINLY UAS'MATEDI

20ILTYg fOSSILIFEARff FLOCALL DSTORTlt SYRUCIT1~

INCLUSION S.& f P A U LI( T N
100 S14ALL GAADCS StIINTLY WEAI*Rtt'. I') FRESH4 AT 11.0
(7`31 FE.T

Z5 LIMESTONE; LIGHT ZRAV. FINE TO COAREI CIYSTALLIKI;
25 TMD TO MCICK 1CODEO; FRESH; V'CASPONAL PUNt 5054 1

tjCLAY 001RIIIIGI A'ID CLAY lILIES F ACT *ESa ThACC A.4
PYR IE IC IRLUG IONS5 OCCASIONAL S1YLGLIIZI.
o0 FOO SU1$vlATICAL, opiN rucT'oZ PRO IS.$ FEET

GRaY..j WlITH occA~iuosAI StIAwZottoTv. its-.o

30 GA 0. W.T.. IOIA pt up0IT IS 0.0: FWOT v1y $ no" 5
Iq I FELT

100. OPEN FAAC1SRC$ FRO 31.6 amA p3.1

t?01

1 
J35 4.95

0, FOOT %A.C m tcLA CA AlO 7.1 PIET

t791

4"HEALE FrASILI s4lICK 4I.* FEET

50- 480
QJDs WITlCuI VLr.1

Sig CLAY LINlED CDLII Fr ACtm w lue 53,4 tics
03) $A FOOT SuVtktlCAL. CLAY LIC*, CL=6E FARXTWE

5FrOam 5&.o FEET 475

SCALES FORKATIOX
SHALEt 'tO~lulk GRAky: SILTYm tINeLYr LANINATDI LOCALILV

*Tr YE'r: NODERAZL VAr4ERE TX OFF 0.2 FOOT.
THEN FRESH TO SLIGHTLY WEATHERED; SEVERAL WO TO

60 AtS' FRACTUNES. 4740
Oft I W COMPLETED Al Sa.G FEET ON N4-6-1.

CAT IVIA USED 713 A DPTM Of, G.O FE5fT.
GROUNDWATER LEVEL ItECOROEO AT 5.5 FCeT OU 4.11)6.

LO0FBOIG

=^a AM

I

I FIGURE 4.9



r I
BORING B-11
SU~rAcXt ILEVAflO# 530.4

COORVINATES , 704.2 E 126,6

0 UOS Ar1*XRIPrIOS 530
GRAVEL "UFACE Fit%.
VROWN CLAYEY. SAIO0Y SILT WITH ARACE SA40STONICM RAVELI %7I'F

SM 40TL-0LI0I4T SPLOWN 1110 LIGHT G~iA SILTY FIRE SAND0
s m ITH RACECLAIAND OK EATHEMEO SANDSTONE

5 GALIEas r.DcUK 0:115 525
4...-FP#Dt 70 DEqSs.

::.. , 14S,..VAN pA1 SYSTEoM
SPOON FOtP.ATION

96 SAtriOsfeNE: 1.~1rm 61' WIdTH4 UK~t $ROVI ST*IMIIIGI
1361 MWTO WCO'i14 APLAIKEDs SLIGHMYL FRIA&I.Es THIN

/0 SEDC0C'.0i HIGHLY WEXTHERE0 TO 4.6 FEET. TUHEN2
IN2CRA TELY WEA110EREV K44EbUS I-Albbit PA41TIUGS. 2

G 4SLESS VRI&111. WITH CALCl.REMU CECWNTA!IQil
O F O I of* 5 11 5 7 5 1'I

"M01I04LT PIR0L1P
100 FORT AKINION. FD*MATIOss

15 - ,N C B.iC S A E LI'CSIO EC: S HA Lt : DAIM GRAY0 /
S7V1iTUv~ CLLeR2x0j5,- fOSS-LIF.RO IS: SLIGHTLY

Ti.E"M l. TO IR1.11 EI'4ESTOiE LIGHT Vtk'i TIME
11 0, 0 1 rIty ~1&LL. 7 TUT' T ITT 1(7011t 111 00 0:)
ft'.$VL ffpo IS:. P14%' SII1Cr uS $.4ALE PARTINGS,

T0 T I. I VA 0-jO';CEASIOAL STY LflLTEI. 510

100 ~ . . f*A - E To C49R$C CPSTALLIIIE

I.'. 16~I '~ ~ IJP 6.k O,0 lC'A SIO'IA L. L 1'I1 GREEK C LAY 4

- r~af St-i.IsPIf1lt FRACz-1rn FROPM IL.~ FEET
t a. 'It sirpI tC.& 11 (LAP (At, 1114 N E1 #&O l' IS.2 FEET 5 0

I r y8 .1 r s1rw ' a '4: O V IT pl W C 11 C L A Y I

t4 5 495 '

M.~'I 1 E I '.LA V IC M~ -AL#,Y CLAV P11111 465 '

40- r490
l.T. ie, rOlf S'"' :* CIL, CLAV -~MEc CI.CUR rRAo

s1.5 CLEA LI1: #. IW FAACT l: FROM l1.3j Vg(T

45 485
*.2. fool CLUY FILLj0 LOs. lO.%TIL FRAETSPACS flO
1.1.1 Y.ET
ETACS III% p1NpolI? TO ;.C2 FOOT vj65
%5. 0p151 FRI:", FRO" 41.33 FMI

50- C.4 VOOT SUIVI(ATOCAV. CLIVY 011LUD VUCTIJEE ff011 480
SILT% O4Et GCSRISM.111ATf TRIMLY LAMMIAUO TO THIN

T, 1 : IR Q. h i t 'I S O * tS i lO D E WA TE LY
94W'AT'IER5D: t0a EI' Y CLAITET.

16 31 SCALES rOR1'TIVI
5DSHAL I KV.I fl TO rDi4 141'g TIMIILT LAMl WklED: SILITY 475

Mt0 AI Y CLAY-I TRACE FOSSrLIVLRUS1 SLICI4TLI

ELTH- O tEK FRTo IES F O 5L.8. 55.0, 55.5. $7.5 110

3C aK 4 WRCIE5 fO t' 5'.. . 54;.1 ftel $4.9 'U T

c0 470
MM'N% COMPLETED AT 58.43 FEET Om I.-6-7o.

CASING IJS~LD TO A OFIPK O. 1.5 -rfT
r.R0u?9r4~AI5R LIMYL RCCOID,I) iT ON? ET 1 1-8.7S.

0

LOG OF BORINGS

I FIGURE 4.10



BORING B-12
SURfACE CLEVATC ) 1296

COORPINATES S - E 86.

0_ GRAVEL SURFACE FILL
BROWN CLAYEY SIUT WITH FlNt SAND ANO TqACE FINE

C GRAVELg ST IFF.M LIGHT BROWN AYO GRAY SILTY FINE SAJD WITH TRACE
. AltUY o^N SOMt WZATHERCO SANDSTONS FRAWZENTSt 525

S- _M._ EDIUM DENSt TO DENSE52
PKNNSYLVAN.IAH SYSTTH

SPOON FORMATION
i SAN-ZIONEr LIGHT GRAY WITH BlOdN STAINIHtGs FIsIE

TO ToEDlUM GRAINEDI THIN BEDDX~s SLIGHTLY
r12) ? FRIAILEgi MODERATELY TO SLIGHTLY VEATHERED t

10 1 t.3 FOOT SUUVERTICAL. OP(N W.ATHTRED ?RACtURE -520
F7 ROM 7.2 FEET
GRADES WITH CLCAREOUS CEMENTATION

C0DOVICIAN SYSTEM
AMQUOXETi GROUP
FORT ATKINSON FORMATION _ 15

/ 5- . _ INTERIE0 D LIKPSTO E AN I SYAIII lHE: ONEI LLNT E/5
too r'.' iYIC EIOT:LLINUTRT'11E03EDI
V00 LOCLLLY ARG ILLACEOISs FOSSILIFEROUSg SLI.'TLY

7C WSATHERED TO FRESH. SHALEI mCOILIK 3ARIK AY-
SILTYi THINLY LAMIIAT UTRIGLNY FOSSILIFERPUS:
LOCALLY OISTOt EO STRUl'TImC MIDMATCLY lTO 510

20 0 SLIGHTLY WZ TtAm O o1.
1150 OPEN SL'EC!z'S$OEOD FRA'TURZ #1'14 15.6 FLE-

too
{7S1 w LIHESTONCi LIGHT GRAY: F4'1 TO COARSE CRYSTALLINE:

2 5 - - MNTIMTO THlC/. BEOVDE; IOCALLY SLIGHTLY AGILLCCEOUI _
F1 25 TRhAC PVRiTEg FRESH: OCrAS tONAL rCAEN :LAYEV
1 SHALE SUAMS *eo3 IAll-tNCSt OCCASIO4AL SUS143AIZOITL R
, . . NHMALED 'RARTU;ES. .

3.5 FOtT AiGILLACEOIIS '04E FROM 22.7 FEET k

:000

(1001 495 .

i _5

40- 4.90
"ROWN STINlED, SLIGHTLY V.ATHEAED CLAYtV SHAIX

10 PA RIING AT 42.) FEET
10 GRADES WITH 0 TO 1OS FINO INT TO 0.02 FOOt VUGS

45 - 0.07 FOOT CLAYEY SHALE SCAN T'OMi 115.9 FEET 485

o.L FOOT SURvENtiCAL. OPE% 7TRACTIIE FROM 1S.t FEET

50- .RAICS WI IT l T3 202 vws 480

9220 0.07 FOOT 'tAhYt SHALE SEAM rROM S3.9 FEET - 75
55-

SILTSTONE, LICHT SREE(N THINLY LAINIAT1O; CALCAIUCEO
_ iIuITLY wEAT1I:4D;CnLAT IN UJPPtl 0.5 FOO1 T)tW.
SLIGHTLY WEATH IG TO FRtSH.

SCALES FORMATION
60 S4ALEj MEDIUM OUR CRATI THINLY LAMINATED; FOSSILIFI£ 470

mSU.

EOXING COMPLETED AT 58.7 fEET ON 4.1tti7(.
CASING USED To A DEPTH 1r 1*.5 FEET.
GSOUNDWArTz LEVlt Rl.CORD)D AT 12.C FEET OR I1. 19-74.

0

LOG OF BORINGS

0AMS S

- - ur. -- * II
FIGURE 4 .11



r I
BORING 8- 13
SURPAC( ELEVArIOAN 531.4
COORDINAME S 722.9 C 200.3

s MSCMIP 17 OArS
0 - AV1t. lR A E F

ML81OWN CLYEV SILT WITH$ TIME $AND A4,0 FINE GRAVELa 530
a1D.,V 1e A61 SYST,14

: ATKItIS111% FOVIATION

I LIKSTOII~: LIGIOT GAY. We.Ar-.ERS TOOAGS-IMITT COAIS: CRYSTALLISI1a THIN TO CDIU~t M!OGEN 525
HI'H.Y TO .4ODERAICLY WEATHI O W17H CLAMZ SEOCING

/0 1 WITH O:cs1%O'fAL sAwtE CLAxEY sU-AL. PAATINGS

520

1
II C62)

4. 1 5 '4..I

20-s

1. rn.)r rxAfft:u Z'1"C PA.TIALLY INSALEO WITH

Z5 4V.5 CLAY Lu1etO 1FRICIU. Fit."q 27.0 FEE[10

- - ¶ L Y 1 O N ' ~ f~ q * I~ h ! L § I I3 I -' 4 L A IA NA 1 F 0 1
2 -TIM'C rI:)tO"Si SUSN~'.0 k.hAT9,N4O; IKAUA Y ..-A'CY.

30 tA L W.OIUH !ARA, fAV SL!Wg Tq4 *LY LA" IAT'O 500
w.O& '4:4rS10011 VAYt.M

CA¶1'11 s'sI.O I A I.PT4 10 I' L T
I *. 'IMC 0 O ALT 7.? -i~T W? t .i: ,

BORING 8-14
stvRPAcr (StvAToom 531.4
c V,#aDfArtS$ S 74L7 C 206.%

a UL!~~~*A .' SJ 'tC FIL IL~ S ~ A O II R IL 3

FOR4T lax'ims0I VORVATIOC4
LIVIC¶T0CI L~tw WYA. ICAUKS UMAMINSROWSS52

/0- -O-,PM

520
S l -.IDVE LI4K SfttENI CIAYCT: THINLY LJJI'qTSID I

-MMIFTt;EROMS mDEPATELY TO ,UGHTY WEAMUD.
SCALSS FORMATION

ECRALUY CLAIYEY tOCALLY FOSSILISEROUSI 100CRIT.LY 5/5 1
4J

TO SLISIMTT WEATHERED.
z.6 FoolI L&tTEY 9AAUTh'IE M TNZ P01 13.7 -U.T -

*20 WtrCOPOLETED AT 11.5 FEET DU 1:14-76.

rGR~fljmJ4'1- LVVL M OT.DE3 iT S-.6 FEET ON i..11-76. /

LOG OF BORINGS

Iwm-vw� � FIGURE 4.12



BORING B- 15
SURMMC (arym 530.3

COMRDMA=f5 S 692.9 E 108..

ew l a nFuRIlPTJONS
1. --

0

5

/0

/5-

20 -

14J
I'.

k-

0Q

25-

30-

35-

_

2
E

gw
W
W
=;

TR
=

=
T n
IE |

2
=

zTF
_

F
X
X
S
Xb
w
=-
s

;ama
;3"

e

Lr

ORWVICtRN SYSTEM
KAOUOKETA GROUP
FORT ATKINSON FOMATION

INTIRSEDDED LIMESTONE AND SHALts LIMESTONEs LIGHT
cxrAtI Tyi mtunIqIwftILIdrr-c, ARGILLACEOUS

FOSSILIFE£ROUS, IN TO KMDIUM JEDEOD SLIGHTLY
hEATmENED To FRESH NUMEROUS SHALE PARTINGS. SKA' EL
MEDIUM DARK GRAYS SILTY9 THINLY LAMINATEDs LUMT
DISTORTED STRUCTUREt FOSSILIrFEOUSS SLIGHTLY
WEATHERED: LOCALLY CLAYEY.

LIMESTONE, LIGHT GRAY: FINE TO COARSE CRYSTALLINE,
iumTr sEOiOD; FRESHI OCcaSIONAL GREEN CLAYCf SHALE
PARTINGS.
1.5 FOOT tNTERSEOED LIMESTONE AND GREEN CLAYCY
SHALE FROM. 22.5 FE~
t.0 FOOT GREEN CLA; SHLEt PARTIs FROM 27.DF rFe

SIIALE LIGHT GREEN; CtA fI TRACE LAMINATIONS% 10AR$
CCASIQEKAL L1MESTONE *CLUSION: OCCASIONAL DARK

GRAT ShALE ULMINATIONS.

GRADES WlTH MORE GRAY SHALE LAMINATIONS

LIMESTONE; LICHT CRAY; FINE 10 COARSE CRYSTALLINCS
T TD THICK BEDOEDi TACt PYRITEs OCCASIONAL

G*REN CLAYrr SHALE PARTINGS AND FRACTURE FILLINGS.
GRADES to% VucGS
DEDDING PLANES AT 30°

SILTSTON!: LIGHT GREENISH-GRAY, LOCALLY CLAVEYS THINLY
LAMNAWEDI LOCALLY FOSSIL fLROUIS LOCALLY DIStORTED
STRUCTIIE: H)OEP.ATELY TO SLIGHTLY WEATHERED.

SCALES FORMAT ION
SHALE: MEDIUM DARK GRAY, SILTYs tHINLY LAMINATED,

WCALLY DIS2RTED STRUCTURE; NUMEROUS TIGHT FRACTURES,
SLIGHTLY WEATNER1D TO FRlSH.

DORING COMPLETED AT 57.9 FCC? ON 4.16-76.
CASING USED TO A DEPTH Of 1.5 FEET.

GROUNOWATER LEVEL RECORDED AT 11.6 FEET ON I_21-76.

iGRAVEL SURFACE FILL
OROWN CLAYEY SILT WITH SOKE SAND AND SOME FINE

ML TO COARSE CROVEL
-I LIGHT 6ROWNISh-GRAY SILTY FINE SNOD WITH TRACE

CLAY AND TRACE SANDSTONE FRAGMENTS

PENNSYLVANIAN SYSTEM
SPOON FORMATION

SANDSTONE: LIGHT GRAY WITH $&OWN STAININGI FINE TO
HLIOV GRAINEDI MODERATELY TO SLIGHTLY WEATHERED. I

530

-525

-520

- 5/5

- 5/0

- 505 to

- 500 * k
IC-

- 4,95 k,

- 490

485

480

475

- 470

40 -

45-

50 -

55 -

95_

I^1

60 -

0
I

0
0

0

LOG OF BORINGS

D-mEs S 14011

FIGURE 4. 13



BORING B- 16
SURFACE ELEVATrON 530.0

C0o0oINr1TES S 706.1 E 105.3

14%

to

I'I.-

q..

0-

5-

/0

20

25

30

35

40

45

50-

55-

60-

GRAVEL SURFACE FILL
BROWN CLAYEY SIL' WITH TRACE FINE TO COARSE SAND

L D GRAVEL: STIFF
MOTTLED LIGHT BROWN AND CRAY SILTY FINE SAND WITH

TRACE CLAY AND SOME SANDSTONE FRAGMENTSs MEDIUM
DENSE TO DENSE

iSYLVANIAN SYSTEM
POON FOAMATION
SANDSTONE, MEDIUM LIGHT GRAYS FINE TO M4EDIUM GRAINEDt

MgtKETELY WEATHERED.

OVICIAN SYSTEM
31OKETA GROUP
OAT ATKINSON FORMATION

INTEtREDDED LIKESTONE D SILEz LIMESTONE: LICI
CKIrTI wKL ;u 9WIUM LwbALEII'tEx- R ARGILLACEOS
SLIGHTLY WEAT4EXED TO FRESH. SHALE: MEDIUM DOAK GRAY
SILTY: FDSSILIFEROUSI HDOERATLITY SLIGHTLY
WEATHERED.

LIMESTONE: LIGHT CRAY: FINE TO COARSE CRYSTALLINE.

GRACDES wITP VAR# "AY ShALE PARTINGS FRON 27.0 TO
29.0 FEET

SHAEt, LIGHT ?tEEN: CLATEYs LOCALLY DISTOITED
3TRUCTUREi NUMEROUJS LIiMSTONE INTERSDSA LIGHT GRYTS
FINE TO MEDIUm CRtY VlzttI RlIICI FRlttI.
BIDDING A If,' T 3T

GRACES KWIC DISTORTED ST MTURE
GRADES WITH REDDING Or 30 TO RUPI LnS LIMSTONE
INCLUSIOS

GRADES GREENISH-CiAY WITH SRECCIATED AM PARTIALLY
HEALED STRUCTURE

LIMESTONES LIGNIT RAY: FINE TO COARSE CYS*TALtLt:
EUTM 5EDDED: %IESN, OCCASIONAL PEEF MS GRAY

CLAVEY SMILE PARTINGS AWr SEA-6; TRACE "RITE
INcLLSIoNs.

520

515

510

*505

*500

-4390

* 4e5

4t
tu

S.

I-

it
14I

530

90
too,

47
(tlo

95
(601

475

0

0
0
0

I-

LOG OF BORINGS
SHEET I OF 2
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BORING B-16 CONT.
SWAff is5tA 510.0
coompAmris 7 0.1 t 105.3

cAMES WITH tK5OMs OPEN FRCTaftsI WM1 Guy
PILLINGS1 OCASIONAL PA*TIALLY HEALED FURIS

AaDES WITH TMCF PINPIK1T VUS AN D S L uSS .CTRINQ

SILTSTOIIEs LIGHT SlECL tSW-Gl-fi $8A111 ISTOOATD
SNT IUREP EtUS PECCIAl LIP13TON! *KLU5Ila
SEVYtAL FRACnTIRC.

SCALE$ F1WTION
SHALE, NMIUMI VAX OYf tHIbLY IAINATEfl LOCALLT

UYE.Y; UKLtCYL vO31PLtIfVm SLI U4IL Wth?"Wo
'to tl~ttl
W SLICWID 0M FRACTUhE 7AM 7,.0 fL(T

sOXING COHPKI.t £1 A L? FLU 0m 419-3.
GAZINGC USID To a D1M or 7.0 i7O5T
PTwi1DaTER LtWtEL RU W II ;S.1 raT a 4236.

- 470

- 465
14.

Ws.

-40 ;,

- 4 L

450

-J5L

PC

0

a0
0
4.

0

LOG OF BORINGS
SHEET 2 OF 2

SaimE a _OUll
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BORING B-17
SUWACEf fLE'ANON 530.1
CCGDINAT-7S 5 702.1 . 111.t4

C S mOScRnpr#O$S
0

5

15-

20-

25-

ioIN tUeYEY SiL; t iTH SOtNE SAND AMID FINE GRAVEL:
STIFF

LGHT L AHiWISH-GRAY SILTY FINE UND WITH TRACE
CLAY AMC SON'4 SANDSTONE FWIIZNTS; MWEDIU DENSE

PUCES WITH WEATHERED SANDSTDOY FRAGitNtS
PEiNSYLVANIAM SYSTEH

S POON FORMATION"
SAMOSION-i LICNT 8*OWNISH-CRAY% FINE TO MEDIUM

31WTNlM SLIGHTLY SILT: DODERAIELY tO SLIGHTLY
WEAT1 T£. ED.

0.WoVICIAJ SYSTEM
M401DKLTA GRftem

FORT ATKINSOl FORMNATIO
INT1ERSEDOCO LMSOE I SHLcs I1INISTORE: uLYf

VV;~I~ W SiiqLT~IZILII--TTfIWV7012uhDIUK
CWOCDO LOCALLY 1RGILUCCOIS; SLIGHTLY WEATHRtED
TO FRESH. SHALi P10W' OUK C*AYI THINLY
LAMINATZD: rUTLIFrLOI'T: SLIGHTLY WEATHERED.

-530

-525

- 520

515

-510

LIM:STONE: LIGHT COAYI FIN! To COARSE CTSSTALLINW!

SUALE: I tHT GREENi; tLUY3't; THINLY IWYAIED 10 THIN
*_ODD:i OCASIONIAL LoME Tom6 lNCL'SIONa SME CN-£

LILIStONzi INTVIDIDS1 LOCALLY DISTORTED 'RUCTUR.

I.-

'..,

Ii-

Ca

30-

35 -

40-
17

1632

45-

GRAOtS WIT'4 LIMESTONE FROM 31.r TD 11 S FE7t

GRARDS WITH SttTSTONE INTER5DDIlG O OCCASICAIL

SAMS7Oft: INTFRI D

tr:qALLVY lic To 0P anGLI Of StDOSINC,YVAIA8Lf

CRAOES WItH DISTOIIT:D ,TRLJCTIA£

LIMESTONEt LISHT GRT FINE TO COARSE CIYSTALLINE:
pkaIU libol TRACE fPCITwE Fl 1WTm WITH
aC' "v-A'. TILTED OCKS, FRACMTUS AMC PAXTINOS
W11'4 GREEN CLAY FlttLNG I COWEfIET LIPE.

*. N14, ILtrDz0 s"IN nItln IkMCTU3e AMD
CLAY rILUD LIMESTONE tONES.

COWPEENT Lt"M mE FPO" 59.1 TO 61.3 FitT

3A1 FOOT D STORTED CLAY MM SILTLIT fE SEW uITH
TRACE LIMESTONO' INCUSIONS FOM 51.3 FEET

FRADES OCCASIONAL OEDS Of COWETIET LISTaME
INT36EDDED WITH HIGHLY FPACTVREO D .tAT FILLED
PISCES OF LIMESTONE

- 505

I..

,Ii

4-95 t
1%1

-4.90

- 485

480

475

I

50-

55-

T7
Q ')

1-47060-

too
(651

65-

0

01
01
0

I.-

-465

- 46070- 93
( 15

75-

LOG OF BORINGS
SHEET I OF 2
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BORING B-I? CONT.
SUNFAC ELL7off 550.1
COOMO1.YArtS S 701.1 } t1.1

kSLS oRO~tWSS

312 FOOT "SeCIA w0 mEALh UWE or CLAT MD
SILnsm FRW SS.O FErT

SCALES FWA1A1IOV
SHLE U1M DAAW CUTS SILY1i ININLY LANINATIEO

USS I LIFEROSLI S LY WQAMT VEDl OCCAS IAL
LIMESTONE iLNWSIOi SUEV L Il TAL VtURts.
%h5 SLICKSIOED FRACUE ROHM %0.7 FEET

SWuIN COVLCttl AT 93.0 FEET ON 4.2176.
CtSING IEtSO TO A pEPrh or 6.0 FEET.
GAO MWITER MEEL RECORDED AT 5.0 FEET OX 16-33-76$,

-455

-450

'.5

440

435

14.

-W

144

'.I

'4.[

'ao

0
I

a
0
It
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LOG OF BORINGS
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BORING 8-16
SURFACE ELEVATION 530.3

COOROlAATES S 695.o E 123.0

@_, e nFeraI1OeYs
.1ITWVWL4

0

5

'O

t5-

20-

:k

~k
QI.'

25-

30 -

[

I �

E

JLIGHT inRONN.GPAy SAND, AJIO SILT WITH SOHE CLAY AND
SANSTOWE FGittENTS CTEST PIT FILL)

s.'

fl.NSVLVANIAN SYSt10
SPOOR FOXMAT SOK

Su.OSTONE1 .LIGHT G.AT FINE TO HWIUI GRAINED%
11TCr~OI; THIN TO "MIOIJ BEOCED1 SLIGHTLY WEATHMREO

OCCASIONAL CARBONACEOUS PARTINGS.
ORCOVICtIA SYSDTI

FAVWKETA GRoup
FORT ATKCINSON FORMATISON

INTEREfOEOD LIIIEST04E AND SHALE4 LIIESTOlIE; LIGHT
CMA; FIIL III LUAASL L~.I~E~

ARGILLACEMUSt THIN JIMED9 FRESH: NUIMEROUS SHALE
PARTINGS. SALEt llEDtIUM OOK GRAYI SILTYS THINLY
LANINATLOI TVTLIFIXOMSI LOLLV DISTORTED
STRIOTIUREs SLIGHTLY WEATHEPED TO FRESH.

LIMESTON:-t LIGHT CRAYs FiNt TO COARSr CRYSTALLINEs
U11tr 10 RICK SEDtD; Flt SHI OCCA$SlONAL GREEN
CLAY PARTINGS AICO FRACTI*1E fILLINCS.
I.5 FOOT iN41TRSEDOZD GRAZE SHALE ZONE FROM 22.0 FET
0<1. FOOT Gogtl CLAY SEAM 71DM 1I..S tEtT

2 I FOOT GlREO CLAY SEAM 'wITH WJF LIMESTOtE FILCES
ANO DISTOATZO STRUCTUIE FROM 3S.6 fEnT

FSACT'RED t1lmNTOE tVIT GREEN CLAY FILLINGS
FRO7 . .2.O TO 163.2 FEET
2.2 FOOT G£R:r. CLAY FILLING FINC di3.2 FEET

35-

-530

-525

- 520

F 515

97
1T41

-5I0

164:-505 I4

t

-$0 t

495 'J

4.90

455

480

47.5

470

40-

4S5-

50-

55-

100
t681

too
0391

I
I
I
I

9

i

iaI
i

I

iI

no

SILTSTIOJE LIGRT GDH T THINLY LASINATED;
-T p~ossi1,r:R9Us LOCALLY CLAYET; SLIGHTLY

1TWATRt:0 TO FRZISN SEVERAL FAMUMES IN UFPDN 1.0
FO7..

-.:ALES For"lATIO$%
SmALE: M-0lmn 5AaR 'tRAY: SILTY2 THINLY LANINATEDI

TOCALLT FOSSILIF"O'S: LOCALLT CLAUYT; FrES tn
OCEAsIONAL SILTY LIMESTONE AND SILTSM~I INCUI'L"
OCCASICIAL SLIMCLSIDEGD FRACTMS AYT 3' ALONG

SEDOIXG PLt IE

60- gORICG COfLETED AT SS.O FEET oN %-23-76.

CAS1Nr ISZp TO A DEPT1I Of 7.0 FEET.
G EAlt'>rlTER LEVEL NOT RECORDED.

40

LOG OF BORINGS

_alilm l a

FIGURE 4.16



BORING 0-I
SVflAXVFACLEV0WWl 530
COOMMArMS 2735 CEWO

BORING D-2
SawE REFANW. 530
coMAWaras 1 m70 C %

sn~wi f-to s3vms
0- 0-

OVERIIUDIL VW I CLAICV SILT kWS 3000
CRAY SILTY FINE SAID. OAEL URFACE
WILL

Ovas~os CIA, MII CLAYCT SILT AM SWI
amV SILl! FINE $SAI. $RAVEL. SUWFACE

i ILL
1FORT ATKIWM PIRUI ION

LIM5TM; L101 GRAI. HWIU.34 TO COARSELY
*.TKULuE~ TwinI TO THICK 1110I)D

iChSISiat mhix SMHAL F1ATIx SLIGHTLY
TO HIBLY WEATHERED. OCCAS IONAL ?V.CJ*ES

4!?-
GRO~VICIAN MM1W

FORT ATKINOU FORMIIOM
M~~{~C'

4 THNI To THICK umm
CCCASII3AL TH4IN IaLl MARTINGS SLMWITL
in HigILY WEATHOCO. OCCAS IWIAL VraCott

IV-

30-
I..

:k5.olv
40-

50- 50-

60-

SCALES FORHAION
SHALM 901SIW60ARK VWT, THINLY LAMINATED.

'LUAU.T CLAWET fOSSILMMO. SLISHILY
WwwatHOC To AFlES, OCCASIONAL LINEISTOU
INTENIEOS, LOCALLY CALCAREMU. OCCASIONAL
FAAETMAS TIMX4MOJOU.

SCa~ ralmal
Oull-ow*a 41MA. tH1ULv LAivaTED.
CUYflT icel"ILIfn0g SLISHTL

A IN D 10 15. OCCASMOIIM tImETONE
grTElgMD, LOAhXCALO LAAM OCCCAS SOSAL

FUr.ftIs THIoANNIST.
a-

70- MN caurwel AT GSA FUT Od 6.3.73.
CMJ9 moa 10 a OEMW OF $.0 rut

pimg ilsKim Po"4 sp.o -m 41.0 FEET

60-

BORING D-3
SWAM (fl1ViTO 530
commwst s no t toS

III
km1

flo-

Ao-
r--
0

.1-

VEMULVANINM TIXU

SM glSjg 10 0*. FINE TO *WIP' GRAINED.

.KATHEME O WOM~ ALOM SEWING FLINES A-d
aOInT. tWACALL CROSS ULOOCO. OCCASMOAL

ORpMWICMM SYTEMII
P1101:0JEA GRO
FM~ aT&ImSW FORMTION

0!1 GPIUOT ClAT. $01IO1 TO COARSLY
CNYsTALu.IAC THIN 10 TRICK limeoE0
OCCASHIOAL 1rMt 514A1* PMTJNGS SLIGHTLY
.0 Iatom AMMEOUID OCCASIONA FlIJUTU3LS.0-

3'tIT:LIGIT cm rINELY CAYITALLINE.
.M1heIDTHICK abbli. acCASIORAL iw

TOOOOAMTEM WIG. OCCASIONAL VIEW
CLXV OAATIMES PTIITE Mi CUMU WNLMkttN.
amIS tONAL Fikfill1 VWMXM ffa.

Av-

*0-

I
I
I

NO.EWeLIED Al NO.1 FELT on 4.3.7g.
EASI%& USED 1D a MMfl or 1.0 FE"T.
PiEZOSETER INSTALLED $ErVMa 31.5 ANDO 10.0 FEET
as 6.1.76.

1/-

/90-
SMlIN, cowlX.E Al 186.0 FEET 0. .21.76.
CASIjug USED A OEMT OF 3.0 7FETC.
PIEZORMTA INSdTALL IEThECN 118.0 hub 186.0
FEET Did 6.23.7G.

MOAN" S 1 OOSS

FIGURE 4.17



BORING D-4
S$/*rACt Lr~fM7I0N Sal
cRbW9&7Fs S 790 E 117

E OLS
0-

t4*

'4*

6

Or

-

MWIVROUWDE DARK ur CLUTLY $11.1 AM W
CRAY $ILIT F WE SAM. GAVL ~3AC[
FILL.

FORT ATKINSON FDR1OTIOK
LIMESTONE; LICG4T CRAY. MiumI~ la co~mSEI

0"TITLLINE, THis To THitK 114OED
OCCASIONAL THIN% SHALE PARTING. SLIGHTLY
TO NIGHL1 WEATH4ERED. OCCASIOUAt. FRACTUNES

ISCLES FOKI4ATION
WNL~t POKJ65OUK GAAV, TmILv UIIINATED.

WacamL CLAVEY FOSS ILI'LOtd* 5Llp1T...V
WET"A TO I4$., OCCASIORSL Ll"BrTJUE

INrTEXIMS. LOCALLY CALriARMtS. OCCASIONASL
FrownTies Tmtz~t~ .

BORING W-PLUM S T S5.c rcrT ON .R 6
C.',3%G LIED 70 A aDlPN of S.c r~cty
02*10CE'ff IN$TZUO CT14EE 31.0 i" 55.V 'UIT
ON'.4'

50-

60-

BORING D-5
5Li*f1 C Afravr 530
C00~JPV.AS I "I C 1

10 -

ec-
1.-

'430-

I'tI

$. 0-

I-
0

0

I.- r

0

*iL Wk0Oct OiN% cLATcY SILT kws .m
IAST SILTY I'llu SAM. GRAIL SURFACE

FILL
FORT ATKIN&AN 5Or*MT IC

LYPETONEt LWIhT VATI. PMtU T toLS(SLV
?IYTIZI.Lvu. two% T1I TIC(1 I9OG
OECR&IONAL Twill SaLLE PAATBMI. SLICaEtis
T" klMt-sLT wEATHEM0X OCCASIONAL FEICWIWS
Tlwommi~l.

SCALES FORMATIOls
SHAtt; VEOIIWq.RMK GXAY. THINLY LAMINATED.

M~A-..Y CLAYC't. FOSS ILFEOIJS. SLIGHTLY
WE TO11 "RESH. OCCASIONAL LIMESTONE

*mNTOSBES LOCALLY CALCD.AEOUS, OCCASIONAL
fEACTIMES THROICHMT.

70-

SCRIN CO0LtEEo At 70.0 FEET Om J-2t-76.
CASIW. USED TO A DEPTH Or 1.0 FEET.
PfIZO"ETCP INSTALLED IIETWEEN 163.0 AND 70.0 FEET
0IL 16411-76.

mDau s __o

FIGURE 4.18



- -

v- -SOUT HWEST
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_
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-SUTHWEST

*1
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NORTHEASTW
+36 + 35

I I ...
+4 +446 444 +42 +40 +38

I 1 I 1 1 I

530

I
I-
146

IV-

-524 a

Qa

5,4 :,

us
iK

-SZA

- 5l

WALL

NORTHEAST

* - stt uItX ORtGANC CLAY AND %ILT WITH
- rOllSTRTUTlO KAITI S1L.

TIlsm OlAD CX01w 4WD SR* ISMhYTttoL SILTY
7;. - IA'l 1ATUIX; WllH 40OX AOUNDE GRAVEL$;

- -;t CSLCURCuS. POCALY SORTW; OCCASIONAL
-w-4vU 4 ALW SU$.O.AILAR SANIDSTONE St~tS.

SAvDStW4Ct LICHI GRAY WITH YELLOWISH-RED
1WZIONS, FPINt to ASEDIUM CRAINEO; THII
$M0CC t hlACLOUSI FPESH TO VOEXATELY
WAE~tU1IU ICLINV E&ODDJNC SW FAoC
4l000ilT VICIN SIT or IMVLT.

& 1,O ' rt, '4. EH LIGHT (AAYlI$H.3lt
31131'r1646. _ gim NtiuLAR FAAGWENTS

LIMCS1OUC UP TO I FOIX j VERY CALCAREOUSs
POORLY' SOR0T POORLY fSADSDI OCCASIONAL
WLATIAtD, C1sal famj#INs.

11t0'L. LGlCRtAY. COARtE CRYSTALLINE I
- v_ 7O ¶NSC.Z 1(W)s WEATHIAS YELLOVI

ato- T aAI wtCY 1 1cD AND OCCASION
CU A llttD ALE. UDING PLANtS JOINTS
AfACI OCtI fDiNLrlRO~I OCCASINCL CAl

CRT LS CONT JAINS I SU loCsO.

C ,tUi. iLEATfNECE3 LIMEITONE FRAGCNETSi
FoU WITHIN VFACTUALS AND ALONG LIHLSTC
tEVING PLAIESi WEATH" 'VELOWISH.B*ON

f Jam~

LOOR PLAN
1. TRENCH PR'IL.S UAEL SHOWN frXI SHE SAME

DIRECTION, LOOKM NOPTHWEST.

2. SnT rFRATl.tRS SEN OlN "OFILES OF TRENC141
aPTE osCuWrD ow FLOW AN DO FOST AkppAR.

I. ODTA SNO# 1(2.W TRENCH FLOOR IS INTPRIE'
01ASE ON 1WING DATA AND YVIUAL INSPECTICI
of IRECWLS.

NORTHEAST,

+48 +46 +44 +42 4-40 438 436 +35

I 1 I I I I I
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2 0 2 A
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BT - 1

SHEE7 1 OF 2
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TRENCH FLOOR PLAN
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4+1E +6 +4 +2

I I I

NORTHEAST
0+00 3N

-1° 5

r/ 55t

- 530

I'k

r.1

- 514

EXPLANATIONt

* FILL: BLACK ORGANIC CUY AND SILT WITH
~, *; DONSTRUCTION MATERIAL.

TILLt DARK BROWN AND BROWNISH-YELLOW SIL
Goeo '. -- LAY MATRIX; WITH OX ROUNDED GRAVELS;

. CALCAREOUSt POORLY SORTEDi OCCASIONAL
'° ANGCULAR AND SUB-ANGULAR SANDSTONE SLAB'

SANDSTONE. LIGHT GRAY WITH YELLOWISH-RED
LAUINATIONS; fINE TO MEDIUM GRAINED; Ti
BEDDED; MICACEOUS1 FRESH TO IODERATELY

z ~ WEATHERED: INCLINED BEDDING SW FROM
II9EDIATE VICINITY OF FAULT.

LI4ESTONE CLOY &AUBBLE': LIGHT GRAYISH-li
-Sit-T CLAY JTnr WVH SINGULAR FRAGMEN

LIMESTONE UP TO I FOOT: VERY CALCAREOU
POORLY SORTED, POORLY GRADED; OCCASIOHj
WEATHERED CHERT FRAGMENTS.

LIMESTONE: LIGHT GRAR& COARSE CRYSTALLIN,
zill TO THICK IEDDED: WEATHERS YELLOt
BROWN3 IODERIATELY WEATHERED AND OCCAS II
CLAY-FILLED ALONG BEDDING PLANES. JOIN
FRACTUSIESt FOSLFRU OCCASION AL Ct
CRYSTALS ALONG JOINT SURFACES.

.- ;-' IMtESTONE: I4fGHLY WEATHERED

- 1zz

N ORTHEAST3.~ :'14 £R fEEMI4N.GRAYlsU~rr CL .LLY CONTAINS INCLUSIONS OF
EXTREMELY WEATHERED LIMESTONE FRAGMENT!

.I FOUND WITHIN FRACTURES AND ALONG, LIMES'
BEDDING PLANES: WEATHERS YELLDWISIH-.ROI+10 46 +6 +4 +2 0400

/45-

JOINT

DIP hAD DIRECTION OF BEDDING PLANE

NORTHEAST,

-I-1t +6 +4~ *1 0+00

- hi

- 530

6-

1q4
L $s

l,.

bOTlS

1. TRt11CH #tOVILES ARE SHCA f1I0H THE SAME
OIRECTION, LoOIbr. NORTHWEST.

2. SOUE fREATIMS SEEN ON PRDFI:.CS OF TRENCHES
UE DOSCURED O# FLOO AND 00 '(Al APPEAR.

J. DATA SO* BELOW tIEICH FLOOR IS INTERPRETt
SASED ON WRONG DATA AND VISUAL INSPECIION
OF TRENCHES.

F CIET
2 O 2 4

MO VERTICAL EXAGGCRAlION

TRENCH CROSS-SECTIO
BT - 1

SHEET 2 OF 2

DAX111 a 1

I
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$26-

L O.;. OF .TN-

FLOOR OF TRENCH
524-

5ZZ-

0

0

0

EXPLANATION:

to
0s
aI I

TILLs DARK BROWN AND BROWNISH-YELLOW SILTY CLAY MATRIX;
WITH 40Z ROUNDtD GRAVELI CALCAREOUS; POORLY %O7TEDj

OCCASIONAL ANGULAR AND SUB.ANGULAR SANDSTONE SLABS:
GRADES WITH NUMEROUS '.NDSTONC SLABS IN BASAt SUrt3x4

SANOSTONE, CRAY WITH YELLOWISH-RED LAMINATIONSt FINL TO
MOTU1R GRAINED; THIN BEDDEDt HICACEOUS; FRESH TO

ODERATELY WEATHEREDI FROM nIoo TO 424 CrADES FROM
HIGHLY WEATHEtRLO TO SLIGHTLY WEATHERED WITII DEPTlt.
IN IRREGULAR CONTACT WITH TILL ABOVE.

NOTES,

I. IRticHtl PRO

7. bATA TIlA l
AND VISIIALJOINT
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+443 +50 +52
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tj4 + 2t 4 30 + 4Z 3 34 4 36 +38

I 1 I I I I
440 + 42 +44 +46

5S

-52

L2

SOUTH WALL
FEET

Z 0 2 4

YO vERIIAL EXGG<ERAT IO

PROFILES ARC SHOWN FROM THE SAME DIRECTION, LOOKING NO4rTHEST.

: BEL3W lRENCH FLOOR IS INTERPRETED BASED ON BORING DATA
*,J, INSPECTION OF TRENCHES.

TRENCH CROSS-SI
BT - 3

Im ama am
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NORTNEAST

.
i1. .30 +41 +34 +36

I 1 1 1
+30 +40 + 42 +44

I 1 I I
- $53*

-530

NORTH WALL

*EXPLANATIONt

| N:A FILLe SLACX ORGANIC CLAY AND
&- - CONSTRUCTION VATERIAL

TILLs DPARK 1SOWN 116 BROWNIS1

-54 -_ ELLIN SILTY CLAY ATIRIXI 1
-St a1 1 407C OLFIDE GRAVELS; CAL5A

POOLY SORTED; OCCASI ONAL
AMl SUII-AltCLWJ SAIIDSlME

SANDSTONEr GRAYt FIVE TO IED
- ',T :ir!-W - 'I^1N ; THIN SEDDED; MICA

Sze FRESH TO MOERATELY WEATHE
- _ IlCLINI SEEDItNG SW FRWM

. IhHEDIATE VICINITY OF FAUL
IRREGULAR CONTACT WITH TIL

L2STONE CLAY *RUIBSLE's L1
° NA7TJSH-SRU"- 51U Cl: Id
WITH ANGULAR FLAGIIENTS D3F
STONE U TO I FOOT VV.X C

iOUSs POORLY S0MTED OCCAS
WEATWERED CHEAT FRAGIHJITSI
OCCASIONAL GRADATIONAL UNI
NUMEROUS LIIE4TONE FRACQE4

LiKESTOHE: LIGHT GRAYI COARS
ULLINEr HEOIUKt TO THI

WEATHERS Y ELLOWISH-SROWt4
ATELY WEATHERED AtD OCCASI

.__*__._. CLAY.FILL-D ALONG EEDDING
JOINTS AtD FRACTlMESt FOS'OCCASIONAL C:ALCITE CRYSTAI
JOINT SWIFAES.

SILTY CLAY: GAECIOSH-OGAVt
5 5 scM13uW I.LY CONttAIHS ICIC

ErTREMELY WIATHCREO LINES
MINTS; P01U10 WITH IN FRACTI

ALONG LIMESTONE BEDOING P
WEATHERS YELLONISI4-UROW.

t JOINT

DIP AtO DIRECTION OF REDDING
A30-

Zs +2E +SO 432

1 I I
+ 34 +36

I 1
I

^-s'l'1f's* ' * 'L*.-'TJ..-.

* *P I1 * I I T T r II
* *-".1 1 9 II1 1 f ff I *I I

*a * - *Aaa1
-LI rT 1 r T* f
_ s .1 . wT^

N~

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

n I I I I * I I I I I I I I I I I TII1

* _ I

IRENCH FLOOR PLAN NOT ES

+Zb +28 +30

I I 1

432 +34 +36 436

I 1 I I
+40 442 +44

I 1 1

NORTHEAST

446

. ri-Si

t. TREINCH "OFILES ARE SHOW FRON Ti
DIRICTION. LOOKING NORTHWEST.

2. S4ME FREATUtES SEEt ON PROFILES (
ARE OBSCURED ON FLOOR AND DO NOT

3. DATA SW" SELW TRENCH FLOOR IS
VASED ON 10 AIt DATA Alt VISUAL
Of TEINCHES.

t

"A10, i%.- __ - --- ---- i - .;O. '.
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2 0 2

bC VERTICAL EXAGCERATION
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CT - 1
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NORTHEAST
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LOOR TRENCH

EXPLANATION:

FILL: UBLAC O° AAIC CLAY AND SILT WITH CONSTRUCTION MI
rtOH *15 7I .25 ON SO4UTH WALL. FILL CONSISTS OF DISI
FORT ATKINSON BLDCKS.

: ;-Z SAIDSTONEs LIGHT GRAYt FINE TO MEDIUM GIRAINEDS THINLY
,s1'~5 a" -- *WE : MICACEOUSI FRESH TO OOCUATELY WEATHERED;

z ^ ;. INCLINED BEDDING SW FROM II9EDIATE VICINITY OF FAUL7

LIESTONE CUY ItJLE.s LIGHT GRAYISH-BROWN SILTY CU
PAIRIA WISH AIULA FmmENTS OF LIMESTONE up TO I I
VERY CALCARPOUS1 POORLY SORTED. POORLY GRADED: iXCA!

. WEATHERED CHERT FRAGNEWTS1 OCCASIONAL GRADATIONAL 21
NUMEROUS LIMESTONE FRAGWMETS.

LIMESTONEr LIGHT CRAY; COARSE CAYtSTALLINE: MEDIUM TO
30t; WEATHERS YELLOWISH-UROWNi MODERATELY WEATHEI

AND OLCASIOiALLY CLAN-FILLED ALONG BEDDING PLANES.
AtD FRACTIRES: FOSSILIFEROUS.

. LIMESTONEi HIGHLY WEATHERED

SILTY CULE CREENISH4GAAYg OCCASIONALLY CONTAINS INOU
Ol gF EXI tY W#EATHERED LIMESTONE FRAGMENTSi FOUND W
FRACJTtES AND ALO LIMESTONE MEDOING PLANESz WEATH
YELLOW ISHBR4t .

f
-2S

Jo 1l4T

DIP AND DIRECTION OF BEDDING PLANE

+26 $21 430 +32

I I I I
A*34 +34

I I

OLD CONSTAUCTION . ~
J1OAD FILIY-~

* - . .77 77-7J.1

NORTHEAST

431

I-

I - 30

;c,..A. -$0

ha

t. ev: -5

C.5
hi

z524

t52

NOTESI

I. TRDICH PROFILES ARC SHOWN FROM THE SAME DIRECTION. LOOKING NOR

2. SOME FEATURES SEEN ON PRtOFILES OF TRENCHES ARE DlSCURED ON FLO
AND 00 NOT IPREAR.

3. DATA SHNN BELOW TRENCH FLOOR IS INTERPRETED BASED ON llORING 0
ANt VISUAL INSPECTION OF TRENCHES.

F{EV
2 0 2 4

NO VERTICAL EXAGGERATION

TRINCH CROSS-SEC
CT - 2

WALL
laimos a il

FIGURE
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NORTEAt

424 +2t +261 4-30 +'32
I I I I I

-. 7J&

-550

I.,

-te

hI

5-%Li2

EXPLAXATION:

I. -

T1 ;~

FILL: $LACK ORGANIC CLAY ALW SILT WYTH CONSTlLCTIOl
RATERIAL.

TILL: SROW SAttDY SILT WITH SOmE CLAY AtD CRAV*ti; NUKE
TARGE INTACT T7RIMNLY 1ECZED SANDSTONE FRAGtENTS; OCCASI
IOTTLIISG.

TILL: P SAltOY CLAY WI.TH SOWE GRAVEL; OCCASIONAL
QTTLING.

TILL: DARK RODWM AND tlROIStlSYELLOW SILTY CLAY 14ATRIX:
11TH IO0 ROUNDED GRAVELS; CALCAREDOS: POORLY SOTIED;
OCCASIONAL ANGULAR AD SUB-AIG$UW S&tDSTOIME SLAUS.

SA41STYOM1 GRAtY WITH TELOLOISII.RED ULRIIATA1DS; FINE TO
IUIET4 iRAIMED; THIN BoDDED: PtICACEcIIS; roR To pool]
WEATHERED. OR IRREGULAR CONTACT WITH 'ILL AV£E AND
LIMESTONE RUBBLE BELOW.

LQMESTONEB C AY ftUUBIIE LIGHT CRATISI4.AROWA4 SILTY CLAY
IAI I ML i-RH E1 rR OF LINESTONE UP TO I FO(
VERY CALCXREOUSt POORLY SORTE£. POORLY GADEDO; OCCASI 1
WEATHERED CHERT RAGPMETS.

LIMESTONE: LIGHT GAOTY COARSE CRYSTALLINE; MEDIUML TO TM
*mu i: WEATHERS YELLOitSH-IRM; PODERATELY SATNERE)
OCCASIONALLY CLAY-FILLED ALONG BEDDING PLANE% JOINTS
FRACTUtES FgOSSILIFEROtISI OCCASIONAL CA.CItTEU YSTAtS
JOINtT WSURACES.

LIMESTONE: HIGHLY WEATHERED.

SILTY CLAY: GAESMISH-RAAYt OCCASIONALLY CONTAINS INCLUS
0UT£EMMLr WEATHERED LIttESO1t FRAGMENTS, POU.D WIT
FRACTUl£5S AND ALONG LItESTONE SEDDING PLANES: WEATHER
YE£LOWISH.SIRO.

JO AtlOT

DIP AND DIRECTION OF BEDDINIG PL.11E

+z2 424 426 +26 430 I32

I I .I I I

ito

AN

NOTES$

1. TmENCH MDWILES ARE Stm FROM THE SAlE DIRECTION. LOO~uN I; R

2. SOME FCATUIES SEEM ON PROFILES OF TRENCHES ARE OBSCURED ON FLO,
AOD D0 iOT ApREA.

3. DATA SHIIN SELOw TIIECH FLOOR IS INTERPRETED BDSED On IORIMiG D
SOID VISUAL INSPECTION OF TRENCHES.

NORTHEAST

42 +Z4 4+26 +2. 430 432

'S.-

r 33e

FEtt
2 0 a 4

NO VERTICAL EXAGGERAT ION

to.

504

s14 TRENCH CROSS-S
CT - 3

SHEET 1 OF 2

_ . I
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NORTHEAST

55 +56 +56 +40 4-62 +6

-5,2

-530 A.
- ok

I. i

L 526t

524

EXPLANA ION g

FILL: BLACK ORGANIC CLAY AND SILT WITH CONSTRUCTION
:-ATERIAL.

TILLY BROWN SANDY SILT WITH SOME CLAY AND GRAVEL: NUMEROUS
*LARGE INTACT 1Y41l f BEDDED SANDSTONE FRAGMENTS; OCCASIONAL

leTTLING.

TILL. BROWN SANDY CLAY WITH SOME GRAVEL: OCCASIONAL

aO6 Or TILL. DARK BROWN AND BAOWNISHYELLLOW SILTY CLAY IATRIXK
ThVJTH 40X ROUNDED RhA',LS CALCAREOUS; PORLY SOR'ED;

- ^ OtCXASICNAL AftrULR AND SUE.ANCULAR SANDSTONE SLAB,.

SAN'OSTONC GRAY WITH YELLOWISH-RED LAMINATIONS: FINE TO
_EATmEE AllEDI HIN BEDo. NICAClEOUS: FRESH 10 CLDERATELI

,WETHERED. IN IRREGULAR CONTACT WITH TILL ASMVE AND
LI4ESTONE RUBBLE BERnW.

's41 r LIMESTONE CLAY UR9B1LE:t LIGHT GRAY 15H-BROWN SILTY CUf
<9MC T rVTTWIT nURFRAttS'NTS o1F LIMESTONE UP TO I Fo`'T.

6L VERY CALCAOEOUS; POCcLY SORTED. PODRLY GRADED: OCCASIONAL
WEATHERED CHEAT FRAGMENTS.

LIMESTONE: LIGHT CRAY: COARSE CRYSTALLINE; MEDIUM TO THICK
1 _EII: fATHEPS YELLOWISHM.ROWN, MOUERATCLY WEATHERED AND
OCCASIONALLY CLAY-FiLLED ALONG BEDDING PLANES, JOINTS AND
FRACTURES- FOSSILIFEROUS: OCCASIONAL CALCITE CRYSTALS ALONC
JOINT sIwJfuCCs.

* ' * LIMESTONEt HIGHLY WEATHERED.

SILTY CLAY t GREENISH§AY. t. ASIDNALLY CONTAINS INrLUSIONS
_ FFTREnELY WEr IHERED LIME TONE FRAGMENTS: UNoD WITHIN

FRACTURES AND ALONG LIMESTOIM BEDDING PLANES, WEATHERS
YELLOWISH-BROWN.

54

I1

JOINT

DIP AND DIRECTION OF BEDDING PLANE
-j20-

NOTESs

I. TRENCH PROFILES ARE SHOWN FROM THE SAME DIRECTION, LOOKING NORTHWEST.

2. SOME FEATURES SEEN ON PgoF ILCS OF TCENCHES ARE OBTSCURED ON FLOOR
AND DO NOT APPRtAR.

3. DA1A SHWNt BELOW TRENCH FLOOP IS INTERPRETED BASID ON BORINC DATA
ANn VI"'AL INSPECTION OF TRENLCHE;.

NORTHEAST
6.2

+ E2

I
4 54 +56 +58 * .

I I I I
-532

-530 4wI
ow

U.
a'

526 Eu

FET

2 C 2 4

NO VERTICAL EXAGCURATION

- 524

TRENCH CROSS-SECTIO
CT - 3
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NORTHEAST
* o

+24 4 26 4 28 +30

1 1 I I
-532

-530

k

- 5M0
kI
Ill

-526 n

5

-5;4

L-ff'2Z

titPLiAAT ION:

FILL- BLACK CLAY. SLOCVY.

CONCRETE, POURED APOUD UTILI1. CONDUIT.

SUNOSTONLt LIGHT CRAY dITH VELLOWISN-RED LAMINATIONS;
Tlr 10 MLOIUM SPAINCO, t INLY BEDDED: MICACEOUS: FRESH
TO I4COEPATLLY WEAINITHrE *NCLINED BEDDING SW FPOM
II*ICDILTC 1ICINITY OF FAULT,

tIMLSTDNE (IAY Rt.8EIE LIGHT CRAYISH.PPODWi SILTY CLAY
-rTrwr-x bwguT , rrn fRAGCI'.Ts or OF LIrSTOUE UP TO I FOOT-

X .. , VERY CALCAPCLUS. POOPLY SC"ILD. POORLY GRADED: OCCISIDNAt
.,ATEPED CHEiRT FrAAGCITS: OCCSIONAL CPADATIONAL ZONES O0
NUrERDU¶ LIMESTONE FRAGMENTS.

LIM£TOhC: LIGHT CRAV; £OAP.: CRYSTALLINE: MtDIUM TO THICK
, etuurD WEATI4:#S YELLOWISH-t'OdN: rO3ERATLt WEATWERED AND

. * . OCAS IONAL.Y LL VitLt.D ALONiC StCOING PLANES. JOI'ITS AND
*.... . . FOCT ,; rufSSIL EOUU: lC;ASIONAL CALVTI( CRYSTAL ALONG

JOINT .'LUPAC. ANZ FPACTL'PZS.

,i' I Lir:tTONE: kf.MLY PEAIl-PLC.

.24 426

1 1

.8.-.N- :t

.. I _ .. . .
. t . .i : [; X
i I al

N

f ',0lTI

-j3. DIP AND OF' TIO' 5r tE DINf PLAN::

:. TIENChI PP3rILE APE :HOwh FF A3 T-. SArE DIPECTI'lu i. tQ.Iflr. ,tWtEST.

2. SCML: rFCtIJLRs.S: ')I PAFr IIC Of rt -"ifrs APE Qg;UPo CE? rL, Q
AhO DO hOT APPRLAD.

.. DATA SitOk. D.LO% Tr..N4( rFLnfl IS It.- c- ;:t Gf.ftD ON BTR INC ATA
AND VISUAL IN;PLCTIC'I OF lt£iC.tS.NORTH EAST.

424 +26 +28 +30 +32

1 I I I _
- 532l

- 550

- 52sl

- 5i'6 Z

-J

FEET
2 0 2 4

hi; jiRTILAI 1JAINtt.TI1%

- 524

- 522? TRENCH CROSS-SECTI
CT - 4
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EXPLANATIONs

TOPSOIL (FILL), DARK BROWN CLAYI BLOCKY.

T ILLl DARK BRQWH AND BROWNISH-YELLOW SILTY CLAY MATRIBF
,wqe- WITH 1OX ROUNDED GRAVELSI POORLY SORTED. OCCASIQoAL
ig3. M ll ANGULAR AND SUBSANULAR SANDSTONE SLABS.

SANDSTONEz LIGHT CRAY WITH YCLLOWISH-REO LAUINIT ubS; FINE

:9t T 10 HEUIUM GRAINED IHINLY BEDDED- M1CACEVUSI FRESH 7O
MODERATELY WEATHERED: INCLINED BEDDING SW FROM IMILDIATI
VICINITY OF FAULT.

TRENC

I-

0

0

(0

LIMESTONE CLAY 'RUBBLEli LIGHT GRAYISH-BROWN SILTY CLAY
MATRtTITTWlInTAWL FRAGmENTS OF LIMESTONE UP T0 I FOOT,
VIERY CALCAREDUSI POORLY SORTED, POORLY GRADED; OCCASIONAL
WEATHERED CHERT FRAGMENTS.

LIhLSTDNE, LIGHT CRAY: COARSE CRYSTALLINE; MEDIUM TO TilICI
.1.MtO. WEATHERS YELLOWISH-BROWN1 :'DERATELY WEATHERED

' ' . AHo OCCASIONALLY CLAY-FILLED ALONG BEDDING PLANES, JOINTS
AND FRACTURES: FOSSILIFEROUS.

;I , LMESTONEi HIGHL' WEATHERED

SILTY CLAY. GREENs.H.GRAY; OCCASIONALLY CONTAINS iNrulsIONS
i _ DF-E!YEhELY WEATHERfD LINESTDNE FRAC.MENTSt FOUND WITHIN

FRACtURES. AND ALONG LIHESlONE BEDDINU PLANESI WEATHERS
YELLOWIS,-BRUOWN.

NII ,

t JOINT I . '.1 NP I ,AI I K i *' I. 11

ANII 110 fit1' AP'M'ItA"l

-- . DIP AND DIRECTION OF BEODINr PLANE / * ltD.IA .l' J l It IUW lA k
Ali'. ',I.UAI IN~rLtrIO0
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EXPLANAl ION:

, . ~~, '

r t.,

TILL, DARN9 BROWN Allt ROwISHi-YELLOw SILTY CLAY WPMIX:
VITH NO. ROUNDED GRAVLIS- POORLY SORTED; OCCASIONAL
ANGULAR AND UB-ANCULAR %ANOSIONEL SLASS.

SOUS;.TONE GRAY- FINE Tj H.OIUII GRAINED. THINLY BLOOLLO:
HTICKLOUS: F'.., . MOOERAILtY WEA1HLREO. UrPrLR 3 TO I
FELT WEAIHERED TO IAOTTLED GRAYISH-BROWN: FROM 7,10 TO
2,50 tPIGHLY WEATHERED.

LIPSTONC CLAY URIUILE': LIGI T GRAVISH-BROWN SILTY CLAY
T rTWIYVM-r R G FRIAGHENTS or LIMESOTNE UP 10 1 roflTI
VERY CALCARLOiS: POORLY SORTED, POORLY CRADED; OCCASI.#.AL
WEATHERED CHERT FRAGMcENTS.

LIMESTONF: LICHI CRAY. COARSL CRYSTALLINL, 1L0'.I'i TO THICK
UMCMD WIEATIILRS YELLDWISI-BROWN: MODERATELY WEATHERLD AND
OCCASIONALLY CLAY.FILLLO ALOIIG BEDING PLANE.. JINT', AND
rRACtufRV;; IQSslLlrEROlj'.

. Is- DIP AND DIRrETION OF OLDVI'INl PLANE

NOTES;

I. TRENCtH PROI It" AP, lrIFq111i rw III. .A'1 PIlRIIN lon. 10(MIlf Wl 1.
NORTHWESl.

Z. usrA 'sHl7 l e,1io it' ' I l1 P' I. 11.l t'I.PIi IIA'.1D ON .IN. .lA1
AHNO V I',I)L I IV r.# I r . rI .

-
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LXPLANATION-

FILLs SlYCY. LL.'Y. PLOVtf.

0rdA.rrtAe TILL, DARr. BROWNt A'1I SROIJI:"- :LLLO SlLTY CtAY MATRIl,
f" ' .I ' L nl tnL ROL'U, rN.IAVUt.L &'1 tY *?rt01 h, thCA'IIlhAL
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ALMr JO IPI *IAIPs Ar L ,

FEET
II 0

, , *r~ I 7 . t --

** ..N F 9, 1- -: - I I
*. . -- .'. I% . * 1..'. ."

sI r I . . .
1.1.1..

,p,r, .I

I 111-r~l431 - : lill Alltv votfl ffl .

SILTY rLAY- ,RI&tIdi II.t.wAY. * CCP l tOT. IT I U All: L.,, I l'..lIr.
'-drTFTTbLI.L W f 'lI a' - I 

M
L' IOth I FPuML0I ', . I I( NID wIIItIP

flt.r liii.) Irill Al£, lt Llt'P'. I XI I:, l I NL f, 'lANt '., W. AIIIN .

1 LL I i l I

-A,$, | If rI t. I - I . ' I ' 1". -" %'



NORTHEA

426 +20 +30 +32 434 +36 +35 +40 +42 +44 +46 +46 +50 + 52 +54

1 I1.1 I I I I I I I1 .1I I I
R-GFtAVEL FILL

.*1 . ' _ * .

<' '' "' '*' .. ,

.- EOOlC N PLAhE Tlrats

OF TRENCH

T WALL

FEET
2 4

sa-t (XI:.GIRkTICN

-,. rLoJR IS INTERPRETED BASED ON BlORIlG D&T&
loll ;F A,(*;Ci.ES,

TRENCH CROSS-S
CT - 7

FIGURE



1674 -099 -07

SOUTH
- oNORTH

424 +22 +20 418 416 +t4 +12 410 +8 +6 44 42 0400

1 1 I I '1
- 830

530 -

'..
lu

'4'

I..I
k&
i3.

5Zn -

856 -

| -' ; f O;.', JO--MTIO.J: . /

F R OF 'RE:fl

FLLOOR OF tRENCH

- /ZO IB
I'

:t
-525 §

- tZr k,I_ '.4

5It'Z
5Z4 -

3zz -

LPLINAt ION,

EAST WALL SANDSTONE GRAY; FINE TO EDIUM GtRAINED: THINLY
- w- MuICACEOUS: MODERATELY WEAThatEO IN
UPPER 2.S FEET OISTURBED DEDOING IN UPtPER
2.5 FEET IS DOi TO GLACIAL ACTION.:s t .,

FEET

2 0 2

No VEPTICAL ExGGCEAAtION
2,? Jo IIN

DIP AND DIPECTION OF BEDEING PLANES

-4
fYI
z
n
x

NOTE,

DLTA S4OW tBttLOW TRENEN FLOOR IS INTERPRETED BASED ONe BORING DATA

Ml If ISUAL INSPECTION or TRENCHES.
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I

EXPLANAT ION

STRUCTURE CONTOURS ON TOP
OF THE GALENA GROUP

x ,. . CONTOUR INTERVAL 100 rEET;
DATUM SEA LEVEL

Eli MAQUOKETA ABSENT, TOP OF
GALENA ERODED

FAULT, DOYNTHROWN SIDE
IND ICATED

APPROXIMATE BOUNDARY OF THE
LA SALLE ANTICl.NAL BELT

R-FERENCE: MODIFIED FROM

BRISTOL, H.-M. AND BUSCHBACH, T.C
1973, ORDOVICIAN GALENA GROUP
(TRENTON) OF ILLINOIS-STRUCTURE
AND OIL FIELDS; ILLINOIS STATE
GEOLOGICAL SURVEY, ILL. PET. 99,
PLATE 1.

REGIONAL STRUCTURE I

#a usaIM .L .=
M ILES

'm



UPLAAWT14OM

topp Ri~ liLt

. e _- _ lt} ZTILL

0-7 ElI orSANDSTONE

_ . |m SHALE

SUzilARD g 8 ISLIMESTON

A-OILLAGEOU ANDH SIIY
3 ~4LE nTER THIN

- I DOLOMITE

ATI
ANOT!

THE MALDEN TILL MEMBtE OF THE
wit ON FORUiT0oN OCCURS A5
ISOZATED NODIES OVERLYINS 6TH
SPl, IRAL AND. FORT ATKINSON,
£D SCALES FOATION. THE
SPOON FERMATION ALSO OCCUMS
41 ISOLA ED WCTCILS A40 WAS

S t_ SSCRVED 'f g...~CtCNASLY
:;3 0~~OSEtvE1 l£ eEfT tt:Q$EK1 It 'MC FOXY A¶KII3SO%

FORMATIS. IK GvYR. IIX AREAS
£RIOUJ'O tp.E IP-4EOlAtE SITE THE

3 SPOS PAY ALSO URCONr 4-ASLY
tt 2 OVTRIL THE BRAINARD NJ SCALtS
F FORMAT IONS.
o
Iii

X SOLUTION WItEt JOINTS W1T
A553ClATED CLAYEY SILT. SILTY

_ CLAY. FINE GAID SAOS tONE
_. AND SILTSIOE FILL MIATtRlIL

AtR VOUND IN 1F£ tORT ATKINSON
FORMAT ION.

THE1 SOth FOLAT ONll HAS PREVIOUSLY
TEEN CALM THE PDTTSYILLE SATOSTOIt.
THE FORT ATKILsO% LISTONE HAS
PREVIOUSLY BEEN CALLEU THE OIVIN!
LIMESTONE. TH£ PollSYILLE SANDSTONE

-ANOD DII K LESTORE ARC 1,O LONGER
RCt Io A 4 S ACCEPTASLE USACC BY
THE ILLINOIS STATE GEOLOGICAL
SURVEY.

SITE STRATIGRAPHIC COLUMN

I.-

FMAWkF 7
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3 IT I a A LOCIT/ow OfI TEST USW ICt.T F DOSS AULT
i .--. OM?-D---- ' t--i j cO AT I. 1517

LOC IOW OF TEST MAINSCVS. DRILED II

oi

II, '. i ,LOCATION Or TStS -IC DElliEO L;N ESTAUDTI O MMONTOAT SAES S MSOI ,17
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_EPORT DATEO OCTOlER 1, I174.

* .. LOCATION OF TREN19ES, EXCiVATED 1976, THIS
_ .II. NVESTIGATIOW

* --i tLOCATION CF. TRENHES, fXCAVATED 1977. THIS

_i' .l .

* .

7 -'

AT14 -7 -

r, _- . >\ t.

' AT4 . t T s*

n-it

. ._ - - -BS AT-A4IO
. -- .

__ * : * * _ * * - 7 - /\A -\
-_ 4&. j, - -

. r -. ; }r \

. q.,, a' -_, .,, / .\

- : . - ;.~ tz\

s-* ,U o7*.;-_*_ * ./

- .
4

rNT 1 - *- *. - . - w\

<:- 22rt ts< -' -t=sw*-su>9/
,t- ,/~S --* *-*t

-nar .nlttV riZ:5 7 -x- ,£ '--*'' -* ;

±c:; ., ,_-

;~~~ ST, +t ME.A._, J

flI---,_S,.,CgliA. \wS

_._ ~ ~ ~ ~ OAS _:.,;3 * 5577~--.,-_,ps

STRUCTUlE CONTOURS TOP OF SCALES SHALE1
S
T CCVoNI ImTEAVAL Ii 1 FT.

FAULT TRAC. LOCATION IS EASED ON FJE O DATA.
INFORMATION ON ACTUAL FAULT LOCATION EXISTS

FRON WRINGS AND TROCH EXPOSURES. IT IS
POSSISLL THAT THE FAULT TRACE BETWEEN WRINGS
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NOTESt. .:
1. STRUCTURE IN TIS AEU IS WED ON DATA 90 lEts

sm NFIVAE 9.
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U.S. DEPT. oF AGICULTURE, lasOO0j PaTn NO. 174.93
DATED SEPTO11R 23.197A.
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AERIAL PHOTOGRAPH - SITE Al
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EXPLANATION

) LINEAMMITS INTERPRETED TO RE SURFICIAL EXPRESSION
OF DEOK SITERU R DE.
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