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1 INTRODUCTION
1.1 General

This report has been prepared for the United States
Department of Energy’s (DOE) Weldon Spring Site Remedial Action
Project (WSSRAP) by the Project Management Contractor (PMC),
which is MK-Ferguson Company (MK-Ferguson) with Jacobs ‘
Engineering Group (JEG) as its designated subcontractor. The
Weldon Spring site (WSS) comprises the Weldon Spring quarry area
and the Weldon Spring chemical plant and raffinate pit areas.

This report presents the results of geotechnical
investigations conducted during 1989-1990 at the proposed Weldon
Spring quarry staging and water treatment facilities in the
quarry area. The facilities are intended for treatment of water
removed from the quarry area. An access road and a
decontamination pad will be necessary for handling and
transportation of bulk waste. Results of previous geotechnical
investigations performed by other geoscience and environmental
engineering firms in the quarry area, were reviewed, summarized
and incorporated into this report.

The location of the Weldon Spring quarry site and vicinity
is shown on Figure 1-1. The site comprises the abandoned Weldon
Spring quarry and the proposed quarry staging and water treatment
plant area The quarry site is located south of Highway 94,
near the town of Weldeon Spring, approximately 34 miles west of
St. Louis, Missouri. The site is approximately 2.5 miles south-
southwest of the Weldon Spring chemical plant site. The Femme
Osage Slough lies immediately south and southeast of the quarry
site. The Missouri River is located approximately 1 mile to the
southeast and, in the vicinity of the quarry, flows toward the
northeast. The quarry was excavated into a limestone bluff on
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the west edge of the Missouri River floodplain just north of the
Femme Osage Slough.

1.2 Purpose and Scope

The purpose of this report is to provide geotechnical data,
summarize findings) and propose recommendations for the design of
the proposed quarry staging and water treatment facilities. The
geotechnical program was planned and executed based on early 1989
preliminary design of the proposed facilities provided by the
PMC. The scope of the PMC field investigation program at the
quarry included reviewing and summarizing previous
investigations, overseeing drilling and piezometer installation,
preparing laboratory test programs, evaluating test results,
performing foundation analyses, preparing geotechnical
recommendations, and repocting on these items in this report.

Field investigations were performed between February and May
1989. Laboratory testing was conducted from May 1989 through
July 1990. Data were reviewed and analyses and recommendations
were made between February and November 1989, unless otherwise
indicated.

An additional slope stability analysis was performed in
April 1990 to evaluate the embankments of the equalization basin
and effluent ponds under the effect of a 100-year flood in the
Little Femme Osage Creek. This analysis is outside of original
scope but is included in Appendix C for reference.

5121ws.sl/sdg/jof 3
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1.3 Proposed Construction

The proposed temporary conétruction facilities will be
located in the quarry staging and water treatment plant area west
of the quarry as shown in Figure 1-2.

The staging area will consist of a support zone and a
contamination reduction zone. The support zone will include
contractor trailers, parking, portable chemical toilets, and
other personnel support facilities. The contamination reduction
zone will include the quarry access control gate, access control
trailers, a personnel decontamination trailer, subcontractor
trailers, a decontamination pad, and an underground utility water
supply line. An access road will be located along the west side
of the support zone.

The water treatment area will include two effluent ponds, an
equalization basin, a contaminated-water treatment plant and an
effluent discharge pipeline pump station.

1.4 Previous Site Investigations

The listory of the site and site investigations have been
summarized in detail in the Quarry Bulk Waste Removal, Remedxal
Investigations Report (MKF and JEG 1989).

Numerous investigations within the quarry site and adjacent
areas have been conducted by government agnncies and by va.ious
consultants under contract to the Department of Energy (DOE) and
its predecessor agencies, the Atomic Energy Commission (AEC) and
the Energy Research and Development Administration (ERDA). The
investigations have been conducted to characterize the soils,
hydrogeologic setting, and nature and extent of radiological and

5121ws.s1/sdg/jof 4
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chemical contamination within the quarry &nd its vicinity.
Previous investigation programs at the site and vicinity are
summarized in Table 1-1.

Site-specific tasks related to geotechnical investigation
for these studies have included field reconnaissance and mapping;
borehole drilling, sampling and logging; monitoring well
installation; groundwater level measurements; aquifer testing;
and borehole and surface sampling of soils, water, and wastes.

The techniques employed in geotechnical investigations
conducted at the quarry site since 1978 have included recording
blow counts from standard penetration tests (SPT) in boreholes,
field classifying soil types, measuring rock‘quality‘designation
(RQD) of bedrock cores, and surveying bedrock jointing (Huey
1978; BNI 1985, 1987; BGA 1984; Marutzky et al. 1988).
Generally, boreholes drilled for these investigations have been
intended for radiologic and chemical sampling of soils and bulk
wastes. Monitoring wells have been installed for sampling
groundwater and characterizing site hydrogeology.

5121ws.s1/sdg/4of 6
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2 SITE CONDITIONS
2.1 Surface Features

The Weldon Spring quarry, including the proposed quarry
staging and water treatment plant area, is located in eastern
Migsouri, near the Missouri River floodplain. The region
surrounding the site is part of the dissected upland of the
northern flank of the Salem Plateau physiographic area. This
area, with the exception of the Missouri River floodplain, is
characterized by rugged topography with heavily wooded hills and
ridges dissected by narrow, sinuous streams and steep, rocky
slopes (MSG 1977). Figure 2-1 includes a topographic map of the
area immediately surrounding the quarry site.

The Little Femme Osage Creek flows along the west side of
the proposed quarry staging and water treatment plant area
through a narrow floodplain towards its confluence with the Femme
Osage Creek, approximately (0.5 mile) to the southwest. The
Femme Osage Creek drains a rugged, heavily wooded area west of
the quarry site. The Femme Nsage Slough is the old channel of
the Femme Osage Creek. It is separated from the present creek
channel, and from the Missouri River, by dikes. The Missouri
River, located approximately 1 mile to the southeast, flows
towards its confluence with the Mississippi River some 40 miles
t» the northeast.

The quarry was excavated into a steep limestone bluff,
common along the banks of the Missouri River in the region. The
quarry site consists of approximately 9 acres. The abandoned
quarry floor covers approximately 2 acres. The original floor of
the quarry was excavated to a bottom elevation of approximately
446 feet above mean sea level (MSL) at its deepest point. On

5121ws.82 1
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average, the floor of the quarry is approximately 482 feet msl
(MKES 1988).

The southern rim of the quarry site rises to an elevation of
between 540 and 560 feet MSL and is highest along the south and
east sides. It forms a ridge or prominent bluff trending east-
northeast that is well defined by topographic contours as shown
on Figure 2-1. The west side of the quarry is lower, and the
higher adjacent ridges to the north (514 feet, MSL) and south
(551 feet, MSL) form a saddle shaped entrance to the quarry. The
bottom of this saddle has an elevation ox 492 feet MSL,
approximately equal to the present quarry floor. A 0.5 acre pond
has formed in the deepest part of the quarry. A pyramidal shaped
limestone hill located just northeast of the pond is a remnant of
the quarried rock. This hill has a maximum elevation of 518 feet
MSL, approximately equal to that of the quarry’s northern rim.
Overall, there is approximately 80 feet of relief between the
floor of the quarry and the top of the highest southern rim. The
quarry is enclosed by a chain link (cyclone) fence, with locked
gates at the two entrances. A wooden pier that extends into the
pond was used in the early 1960s when water from the pond was
pumped into the Little Femme Osage Slough (MKES 1988).

A rail spur line runs across the proposed quarry staging and
water treatment plant area and enters the lower level of the
quarry through its low western saddle. This railroad spur
extends approximately one-third of the quarry’s length. Another
spur branches off to the south of the proposed site area. The
spur lines have deteriorated and become overgrown with
vegetation. The Missouri-Kansas-Texas (MKT) railroad mainline
located south of the quarry site was recently dismantled and the
elevated railroad bed has been turned into a hiking trail called
the Katy Trail.

5121wn.82 3
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2.2 Flooding

Flooding by the Missouri River is most likely from April
through July of each year. Such flooding is usually caused by
prolonged spring and early summer rains coupled with maximum snow
melt. Flooding by the Femme Osage and Little Femme Osage Creeks
is most likely during May and June of each year. These creeks
are prone to flash floods, generally due to thunderstorms which
are common at that time of the year.

The 100-year water surface elevation is estimated to be 474
feet MSL near the quarry (MKES 1988). Most of the proposed
quarry staging and treatment area, except for small portions
along the Femme Osage Slough and Little Femme Osage Creek, are
above this elevation. Although flood data for the nearby streams
is not available, flooding caused by these streams is unlikely
(MKES 1988).

2.3 Geology

The following summary discussion of the geology in the
region is based primarily on reports by Berkeley Geosciences
Associates (BGA 1984) and by Morrison-Knudsen Environmental
Services (MKES 1988). The first section contains a brief
overview of the regional geology. It is followed by
stratigraphic descriptions and an overview of regional and site
 hydrogeology.

2.3.1 Regional Setting
The site is situated in low limestone bluffs near the west
bank of the Missouri River in St. Charles County, Missouri. The

surface of the region is almost entirely covered by

5121wn.sl 4
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unconsolidated Quaternary materials consisting of Holocene
alluvium, Pleistocene glacial drift, and residual soils developed
on highly weathered rock. Bedrock consists of Paleozoic
limestone; shale, sandstone, and dolomite. The uppermost bedrock
unit around much of the site is the Ordovician age Kimmswick
Limestone. The Kimmswick Limestone is underlain by other
Crdovician strata which include, in descending order, the Decorah
Group (shale and limestone), Plattin Limestone, Joachim Dolomite,
and St. Peter Sandstone. Strata overlying the Kimmswick
Limestone have generally been eroded from the vicinity of the

quarry.

In the Weldon Spring area, the bedrock has a regional strike
of N60°W and dips approximately 0.5° to the northeast. The
strata of the region have been uplifted by the Ozark doming,
resulting in a northeast dipping monoclinal structure (BNI 1987).
The Eureka/House Springs anticline is a minor structure located
about 1 mile southwest of the quarry site. The axis of this
anticline trends northwest (Kleeschulte and Emmett 1986). The
limestone strata beneath the quarry staging and water treatment
plant area are nearly flat, with a very slight (0.5°) dip to the
northeast. Two major joint sets have been identified. One
trends between N30°E and N72°E and the second trends between
N30°W and N65°W. Both joint sets are nearly vertical (Roberts
and Theis 1951).

2.3.2 Stratigraphy

Table 2-1 is a generalized description of the stratigraphy
beneath the quarry site. Bedrock beneath the proposed
construction areas is chiefly Ordovician limestone and dolomite
overlying sandstone and shale. The bedrock is overlain by as
much as 90 feet of Quaternary sediments. In upland areas, soil

5121ws.82 5



TABLE 2-1

Age

QUARRY AREA

Formation

Quaternary Alluvium and

Residual Soils

111690

GENERALIZED STRATIGRAPHIC COLUMN FOR THE WELDON SPRING

Thickness
(feet) Description
0-100 Predominantly silty clay,

Ordovician Kimmswick Limestone 70

Source:

5121ws.s2

Decorah Group

Plattin Limestone

(MKES 1988)

20-40

100-120

clayey silt, and highly
weathered bedrock.

Medium- to coarsely-
crystalline, fossiliferous,
massive bedded, white to
light gray limestone.
Contains large voids due to
solution effect along
vertical fractures.

Green to brown shales with
numerous, thin interbedded
limestone layers in lower
part. Grades upward into a
medium- to thinly-bedded
limestone coantaining thin
shale partings.

Gray to dark gray, fine- to
medium~-grained, thin-bedded
fossiliferous limestone.
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- cover may be 10 to 40 feet thick, although rock outcrops do
occur. In the Missouri River floodplain to the south of the
site, up to 100 feet of alluvial clays, silty clay, sand, and
gravels can be found (BGA 1984, MKES 1988). The generalized
descriptions that follow are of geologic units in the vicinity of
the Quarry site. Units described are those fouhd in the proposed
construction areas.

The oldest rocks encountered on the site are part of the
Champlainian Series of the Ordovician system. Geologic units
from this series that are found on the site are the Plattin
Limestone, Decorah Group, and Kimmswick Limestone (MKES 1988).

The Plattin Limestone is a buff to light gray, fine-to
medium-grained, moderately hard, moderately fractured,
fossiliferous limestone (BGA 1984, MKES 1988). Beneath the
quarry site it is 100 to 120 feet thick and was the deepest unit
encountered in the boreholes. In outcrop exposures, the Plattin
is reported to be dolomitic, yellowish brown, with a weathered,
pitted surface. Thin, fissile, light green to greenish gray
shales are present in the upper portion, and small amounts of
dark gray chert are present throughout the formation.

The Decorah Group is a light gray, thin-bedded, argillaceous
limestone. It is fossiliferous in its upper portion with
numerous shale and non-calcareous to calcareous silt and clay
partings. The Decorah Group is 20 to 40 feet thick at the quarry
site. Part of the western half of the lower quarry area is
excavated into the upper 15 feet of this bedrock unit (BGA 1984,
MKES 1988).

The Kimmswick Limestone, uppermost of the Ordovician
formations on the site, unconformably overlies the Decorah Group.

5121ws.82 7
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The Kimmswick is the chief rock unit that was quarried in the
former quarry, where it is approximately 70 feet thick. This
unit is a light gray to buftf or tan limestone. It is medium to
coursely crystalline, moderately weathered, moderately hard,
fossiliferous, and medium to massively bedded. The unit contains
chert nodules scattered along bedding planes. Macrofossils are
common. Where exposed in outcrop, the Kimmswick Limestone shows
a rough, pitted weathered surface. The Kimmswick Limestone
contains numerous voids and exhibits solution features assoc1ated
with the intersections of vertical joints and bedding planes
(Huey 1978). Clay fillings are present in many of the joints.

The Quaternary units in the vicinity of the quarry site are
chiefly alluvial sediments deposited along the Missouri River and
its tributaries and glacial deposits in upland areas. An older
weathering surface forms the base of the soil sequence (MKES
1988).

The fill in the quarry area is quite variable in

- composition. It ranges from quarry rubble and weathered bedrock
to silt and clay. Typical sources are quarry spoils and on-site
or off-site soils residuum which may have been excavated,
transported, and recompacted (e.g., railroad bed aggregate and
soil).

2.3.3 Hydrogeology
The summary of regional and site hydrogeology presented here
has been abstracted from investigations in the adjacent quarry

area (MKES 1988) and earlier studies (BGA 1984, Kleeschulte and
Emmett 1986).

5121ws. a2 8
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There are two distinct aquifers and one leaky confining
layer in the shallow subsurface groundwater regime of the quarry
site and vicinity. Ground water occurs in the upper portion of
what has beer. referred to as the deep bedrock aquifer of St.
Charles County (Kleeschulte and Emmett 1986). The aquifer
extends completely through the bedrock sequence to the bottom of
the (Cambrian) Potosi Dolomite. The upper section is a thinner
(400 feet) less permeable part of the aquifer and acts generally
as a leaky confining layer. On the site, this confining layer is
water bedring and is comprised of the Kimmswick Limestone,
Decorah Group, Platt.in Limestone, and Joachim Dolomite. The
thicker (1,000 foot) more permeable sequence underlying this
confining layer is found throughout the county where the older
formations have not been eroded (MKES 1988). Overlying this
bedrock aquifer is an alluvial aquifer existing primarily in the
Missouri River valley.

The fracture patterns observed in the quarry walls have been
found to extend through the Decorah Group and probably into the
Plattin Limestone (BGA 1984). Thus, the three bedrock formations
(Kimmswick Limestone, Decorah Group, Plattin Limestone) ’
encountered at the quarry site (together with the soil units) may
be considered as one hydrogeologic unit, although the Decorah
Group, which contains a large number of shale beds, is considered
regionally to be a leaky confining layer (Kleeschulte and Emmett
1986). Groundwater flow most likely has formed the enlarged
solution cavities found in the top of the Kimmswick Limestone.
Recharge of the aquifer is through the expocsed weathered
limestone around the quarry rim; through fractures and joints
exposed to the overlying silts, sands, and gravel; and through
the quarry pond itself. Hydraulic connections between the
overlying alluvial aquifer and the underlying bedrock aquifer are
very likely in the quarry staging and treatment plant area.

5121we.82 9
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‘ An unconfined alluvial aquifer at the quarry staging and
water treatment plant area occurs in the deposits overlying the
limestone bedrock. Near the Little Femme Osage Creek and the
Femme Osage Slough the aquifer is contained chiefly in alluvium
of the Missouri River floodplain. The vadose zone in this
aquifer occurs generally in the upper 10 feet of silt and, where
it is exposed, the upper weathered portion of the Kimmswick
Limestone. Generally, the water table elevation lies within 10
- feet of the surface and exhibits seasonal fluctuations. The
aquifer is readily recharged by precipitation, flood water, or
both, and by infiltration through the soil or fractures and
joints in the bedrock.

2.4 GEOTECHNICAL INVESTIGATION
2.4.1 General

A geotechnical exploration program for the quarry staging
and water treatment plant area was performed in 1989 under the
Weldon Spring Site Phase II Geotechnical Investigations Program.
The purpose of this drilling program was primarily to provide
geotechnical design parameters for the foundation of the proposed
water treatment plant and for the embankments of the equalization
basin and effluent ponds. Additionally, piezometers were
installed in some of the boreholes to obtain groundwater levels.

Figure 2-1 shows the locations of the GTQ (GeoTechnical
Quarry) series boreholes in the immediate area of the proposed
construction. These boreholes, numbered GTQ-1 through GTQ-11,
were drilled from February to May in 1989 by Hannibal Testing
Laboratories (HTL) of Hannibal, Missouri, using a CME Model 55
truck-mounted drill rig. The PMC provided project direction and
field geologists who logged samples, documented field operations,

5121ws.82 \ 10
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and supervised drilling. To document the field work, the PMC
geologists kept daily written records of allidrilling activities
in a bound log book. In soil, the drilling was generally
advanced using continuous flight hecllow stem augers with a 6-7/8
inch outside diameter (0.D.) by 3-1/4 inch inside diameter "
(I.D.). 1In borehole GTQ-11, 7-1/4 inch 0.D. by 4-1/4 inch I.D.
augers were used. Coring in bedrock was achieved by using an N(
wireline core barrel (see Appendix A).

Soil sampling was performed at. 2.5 foot intervals.
Disturbed soil sawples were obtained using a 2.0-inch 0.D., 1.5-
inch I.D. Standard Penetration Test (SPT) sampler. Relatively
undisturbed samples were obtained using a California split-barrel
sampler having an O0.D. of 3.0 inches and I.D. of 2.5 inches.
Both the SPT and California samplers were driven a depth of 18
inches, using a 140-pound hammer free-falling 30 inches. The
number of blows required to drive each 6-inch interval was
recorded. Undisturbed samples were obtained by hydraulically
pushing 3.0-inch diameter, 36 inch long Shelby tubes to a depth
of 30 inches. Table 2-2 summarizes the GTQ borehole data found
in Appendix A. Appendix A also contains the borehole logs,
piezometer data, and a brief drilling report by the field
geologists. The drilling report describes the procedures for the
exploration program, including soil sampling, bedrock coring,
sample chain-of-custody form, and constant head field
permeability testing. The report also contains summary data
tables, and health and safety precautions taken during the field
program.

Piezometers were installed for measuring water levels in all
the boreholes, except GTQ-1 and GTQ-10. Piezometers GTQ-3, GTQ-
6, GTQ-7 and GTQ-8 were abandoned when the exploration program
was completed. The abandonment consisted of removing each

5121ws. 82 11
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TABLE 2-2 Geotechnical Borehole and Piezometer Summary

Borehole/ Total Screened
Piezometer Date Depth Interval
‘ Number Completed (feet) (feet) Comments
GTQ-~1 3/16/89 95.7 N/A No Piezometer
GTQ-2 4/3/89 98.0 11.5 to 31.5
GTQ-3 2/24/%9 88.0 10.0 to 29.0 Abandoned?
' 4/19/89
GTQ-4 3/13/89 77.0 17.5 to 36.5
GTQ-5 4/27/89 110.0 95.0 to 104.0 Redrilled.
Screened
| into bedrock.?
GTQ-6 2/28/89 58.5 38.5 to 57.5 Abandoned?
4/20/89
GTQ~"7 2/10/89 56.5 25.5 to 55.0 Abandoned?
4/18/89
GTQ~8 2/17/89 76.0 17.5 to 36.5 Abandoned?®
4/24/89
GTQ-9 4/13/89 76.2 12,0 to 32.0
GTQ-10 4/6/89 109.5 N/A No piezometer
GTQ-11 5/3/89 80.0 60.0 to 79.0

5121ws.n2

Piezometers GTQ-3, 6, 7 and B were abandoned by first drilling"
out the hole to total depth and backfilling with Volclay

grout.

GTQ-5 wae first completed on 3/8/89, the original screened
This borehole was redrilled to
place a plezometer screen in the bedrock rather than the

interval 15.0 - 34.0

alluvium.
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piezometer, redrilling the hole, and sealing with Volclay grout.
The original piezometer in GTQ-5 was replaced with a new
piezometer, with screen placed 10 feet into the limestone
bedrock. Piezometer GTQ-11 was constructed 20 feet away and
screened within the overlying sediments. Groundwater elevatipn
data from this piezometer couple should help determine the degree
of hydraulic separation between the bedrock aquifer and the
overlying alluvial sediments.

Groundwater elevation data are shown in the cross sections
and summarized in Table 2-3. Water levels in backfilled
boreholes (GTQ-1, GTQ-10) were taken after the groundwater level
had stabilized for a few days. Groundwater elevations monitored
on a regular basis in the remaining active piezometers in the
quarry staging and water treatment plant area after the initial
exploration program are included in Table 2-4.

2.4.2 Geotechnical Cross-Sections

Geotechnical cross secti... shown on Figures 2-2 through 2-5
were developed to provide site subsurface information to assist
design. The cross sectional data were derived from the recent
WSS Phase II Geotechnical Investigations boreholes (GTQ-1 through
GTQ-11) and existing wells and boreholes. Units shown are major
correlatable soils and lithologies that were traced across the
site. Less areally extensive but significant units (e.g., quarry
rubble fill) are also shown. The lateral extents of the units
are inferred and approximate only. Queries indicate areas where
unit continuity or thickness is inferred. The soil units shown
were subdivided according to their distinguishable geologic and
geo.echnical properties (color, grain size distribution, water
content, etc.) and classified using the Unified Soil
Classification System (USCS).

5121ws.s2 13
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TABLE 2-3 Groundwater Elevations Measured in Wells
(April-May 1989)

Well Groundwater Date
Well or Elevation Elevation Meessured

Piezometer (feet) (Leet) Comments
uar taging and wWater Treatment Plant area
GTQ-1 474.38 451.38 3/16/69 No well. Groundwater

elevation measured in
borehole prior to

grouting.

GTQ-2 475.26 455.02 5/04/89

GTQ-3 460.86 454.76 4/07/89 Grouted 4/13/89.

GTQ-4 476.12 454.79 5/04/89

GTQ-5 477.22 453.79 5/04/89

GTQ-6 508.30 460.40 4/07/89 Grouted 4/20/89

GTQ-7 480.62 456.52 4/17/89 Grouted 4/18/89

GTQ-8 477.62 457.32 4/20/89 Grouted 4/24/89

GTQ-9 478.02 457.58 5/04/89

GTQ-10 485.97 453.87 4/07/89 No well. Groundwater
elevation measured in
borehgle prior to
grouting.

GTQ-11 477.17 453.17 5/04/89

MW-1026 481.50 454.92 5/13-14/89

Mw-1027 485.53 457.78 5/13-14/89

MW-1028 467.77 - 450.50 5/13-14/89

Abandoned Quarry Area

MW-1002 557.11 466.30 5/13-14/89

(TW-7)

BOTES: Groundwater elevations are taken from Appendix A.

MW - series is re-designation of wells installed for
earlier investigations by others.

5121ws.82 14
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SUMMARY OF GROUNDWATER ELEVATIONS IN ACTIVE

PIEZOMETERS

Active - Water Level Elevations (feet, msl)
Piezometer 5/4/89 7/5/89 10/30/89
GTQ-2 455.12 452.36 451.06

GTQ-4 454.57 454.15 453.07

GTQ-5 453.36 452.79 452.64

GTQ-9 457.25 456.24 455,12
GTQ-11 453.15 452.35 452.06

NOTES:

5121ws.82

Piezometer GTQ-5 screened in bedrock; all other
piezometers screened in soil
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The highly weathered bedrock residuum indicated on the cross
sections is usually the zone where coarse gravel with sand or
clay was described in a boring log just above the bedrock. This
material was interpreted as having been weathered from the
underlying bedrock because of the high percentage of limestone
and chert rock fragments in the gravel. The top of the bedrock
was defined as the depth where auger drilling could not be
advanced further, labeled "refusal" on the drill logs.

2.5 SUBSURFACE CONDITIONS
2.5.1 Soils

The soils at the quarry staging and water treatment plant
area are primarily the products of alluviation in the floodplain
of the Missouri River and its tributaries. The principal
surficial deposit on the major upland flats and narrow summits
consists of silty clay.

Thinner silty clay deposits overlie the highly weathered
limestone bedrock on hill tops and valley side slopes. The
surface soils on the narrow valley floodplains of the Little
Femme Osage Creek and other tributary streams to the Femme Osage
Creek and Missouri River are moderately thick to thin lenses of
gravelly to silty loams and chert gravels deposited from erosion
of the valley sides. Most of these gravels are very close to
their source and show very few signs of down-valley erosional
transport. Alluvium dominates the lowest elevations in the
quarry and vicinity to the south and southwest of the quarry
staging and treatment plant area (MKES 1988).

Subsurface soil units usually consist of silty clays and
clayey silts. In general, some sands and gravels were

5121we .82 20
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encountered in the lowest units and in the western half of the quarry
staging and water treatment plant area. The thickest soil '
accumulations (up to 90 feet) occur around boreholes GTQ-11, GTQ-5 and
GTQ-1 (near the intersection of cross-sections A-A’, B-B' and D-D').

The most extensive or significant materials that comprise the
alluvium in the subsurface are described in Table 2-5. Descriptions
are based on soil geotechnical properties and are keyed to numbers in
the appropriate cross sections (Figures 2-2 through 2-5).

2.5.2 Bedrock

Bedrock at the quarry site includes the Kimmswick Limestone, the
Decorah Group, and the Plattin Limestone (Table 2-1). These rock
units comprise, in turn, the uppermost bedrock units beneath tle
subsurface of the site. The Kimmswick Limestone itself was quarried
for use as crushed stone aggregate (MKES 1988). The Kimmswick
Limestone is most extensive around the quarry area and forms the
-cliffs and bluffs of the quarry rim. West of the fence line
separating the quarry from the quarry staging and water treatment
plant area, the Kimmswick Limestone and the underlying Decorah Group
have been eroded away. Thus the Plattin Limestone is the chief
bedrock unit in the subsurface of the quarry staging and water
treatment plant area, except for the south-gouthwest trending ridge
where boreholes GTQ-6 and MW-1028 are located (see west half of cross
section B-B’, and all other cross sections).

Figure 2-6 shows the tdp-of-bedrock elevations beneath the
quarry site. The map is based on all available depth-to-bedrock data
from the boreholes and wells listed in Table 1-2, as well as on the
geotechnical boreholes drilled for this investigation. The tcp-of-
bedrock surface is defined as the depth below the ground surface where
drilling by hollow stem auger was no longer possible. Since different
drill rigs and varying diameter augers were used for drilling the
boreholes used in compiling the map, the top-of-bedrock contact is not
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sharp but gradational, indicating the transition from clayey gravel
and the decomposed bedrock rubble to relatively unweathered rock.

The lowest bedrock elevations (381 feet MSL) are found near the
far western boundary of the proposed quarry staging and water
treatment plant area (borehole GTQ-1). The bedrock suiface rises from
this low area to an elevation of 400 feet in the northern half of the
site and to its highest elevation of 530 feet along State Route 94,
just north of the center of the quarry.

One of the prominent features of the top-of-bedrock surface
beneath the site is the bedrock slope extending from boreholes MW-1027
and QB~11 soﬁth-southwest to boreholes GTQ-6 and MW-1028 (see Figure
?2-6). Southwest of GTQ-6 this slope drops a total of 74 feet in two
steps, with a middle bench most prominent in the subsurface between
boreholes GTQ-10 and GTQ-6. To the north and west of this bedrock
slope the underlying Plattin Limestone forms the bedrock surface
beneath the site.

A narrow depression cuts across this slope just east of
monitoring well MW-1028. This depression, interpreted as a buried
stream channel, bears north and slightly northeast along the base of
an elevated bédrock plateau centered roughly on the quarry area. It
is likely that this channel was cut by an ancestral Femme Osage Creek
or tributary as it flowed across the western half of the site. The
source of the former stream was most likely to the northwest, as shown
by a rise in bedrock surface topography to the northwest and north of
State Route 94. This rise continues to the northwest, off the edge of
the map (Figures 2-1 and 2-6).

2.5.3 Alluvial Aquifer Properties
The hydrogeologic investigations at the quarry staging and water

treatment plant area were conducted to determine alluvial aquifer
properties. Accordingly, the program included in situ testing of soil
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to determine the hydraulic conductivity (permeability), and
installation of monitoring wells to obtain groundwatu:r elevation data
and determine groundwater flow and vertical gradients. Soil
permeability values are summarized in Table 2-6, groundwater
elevations in Tables 2-3 and 2-4, and the‘piezometric surface beneath
the site on Figure 2-7. All values are summarized from data presented
in Appendix A.

Field constant-head permeability tests were performed according
to the following procedure. After augering to the desired depth and
clearing the borehole, a sampling rod or instrument was lowered to the
bottom of the temporary casing formed by the auger and/or NQ hollow-
stem drilling rods. The sampling rods were pushed into the test
formation approximately 4 to 6 inches to ensure a good contact with
the formation. The temporary casing (auger and/or NQ rod) was then
filled with water until the water level was maintained even with the
top of the rods. Water was added as needed to maintain the water
level at the top of the rods for a period of 10 minutes. The volume of
water needed to keep the rods full was measured and recorded. This
procedure was repeated twice more for a maximum test interval of 30
minutes (USBR 1970). ‘

Constant head permeability test results are summarized in Table
2-6. Results showed permeabilities in the range of 10 to 10~° cm/sec
for most soils. Average permeabilities for clays and silty clays (CH
and CL) were often below the test detection limit (approximately 10-®
cm/sec). Average permeabilities for silts and clayey silts (ML) and
some silty/clayey sands (SM/SC) ranged between 10-® and 10-° cm/sec.
No tests were performed in gravels or gravelly layers. One test (GTQ-
10) in a material that appearad most likely to be rubble fill yielded
a permeability value of greather than 3.3 x 102 cm/sec.

Groundwater elevation data for all geotechnical boreholes (GTQ-1
through GTQ-11) from late April to early May 1989 are summarized in
Table 2-3 and shown on the geotechnical cross sections (Figures 2-2
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TABLE 2-6 Summary of In Situ Soil Permeability Values

Bore- Test
hole Depth Calculated Permeability Soil Type
No. (feet) (cm/sec)
GTQ-1 10.0 6.72x10°° ML
15.0 3.50x10°® CL
20.0 7.96x10°® CL
GTQ~2 12.5 NO FLOW* CH
17.5 NO FLOW* CH
22.5 5.0 x10°° ML
GTQ-3 11.5 1.36x108"° ML
17.5 NO FLOW* CH
22.5 2.05x10°° CH
GTQR-4 12.5 6.50x10° CL
17.5 2.44x10% CL
22.5 2.80x10" ML-CL
GTQ-5 12.5 NO FLOW* CH
17.5 4.87x10¢ CH
22.5 3.51x10°° ML
32.5 3.16x10°° ML
GTQ-9 12.5 1.30x10°* CL
17.5 NO FLOW* CH
22.5 6.84x10"5 SM
GTQ-10 12.5 >3.33x10"? CL (fill)
17.5 NO FLOW* CH-CL
22.5 NO FLOwW* CH
46.5 1.04x10°® CH
51.5 1.11x10°® CH

* No water added in 10 minutes.
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through 2-5). Groundwater elevation data for the remaining
active piezometers (GTQ-2,-4,-5,-9,-11) measured on a regular
basis from May through October 1989 are listed in Table 2-4. The
water table in the alluvial aquifer is relatively flat, ranging
between 450 and 460 feet in elevation (20 to 30 feet below the
surface) for most of the proposed quarry staging and water
treatment plant area, with a general flow to the south. This
reflects flow direction measured in the bedrock aquifer at the
quarry site and vicinity (MKES 1988). The piezometric surface
based on all boreholes mimics topographic highs and lows in the
bedrock surface (Figure 2-7).

The map on Figure 2-7 shows two groundwater divides that
are centered on a high portion of the bedrock beneath boreholes
GTQ-8 and GTQ-9 and a southwest trending ridge extending from
boreholes GTQ-6 through GTQ-2 and OB-2. Inferred flow directions
closely coincide with the locations of the bedrock depressions
discussed earlier. Groundwater flow over the larger southern
ridge is inferred to be channeled east of MW-1028, the location
of the postulated local buried stream channel. A broader
channel-like pattern directs groundwater to the west, along the
postulated channel.
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3 GEOTECHNICAL LABORATORY TESTING

Laboratory tests were performed to provide a basis for
foundation design, recommendations for embankment design,
settlement evaluation, and slope stability analyses.
Representative samples from the borings were tested to determine
their physical properties, compressibility, permeability, and
shear strength. Geotechnology Inc. (GSI) was awarded the
contract for laboratory testing in 1989 and 1990. A summary of
laboratory testing results is presented in Table B-1l. A brief
description of the laboratory tests procedures, significance, and
applicability is presented in this chapter.

3.1 Test Methods and Procedures

The gradation test, or particle-size analysis, determines
the distribution of the various particle sizes in soil. Standard
sieves are used to separate the particles for all sizes except
silts and clays, for which a hydrometer analysis is used.
Particle size distribution is used to classify soils, estimate
permeability (using empirical correlations), and analyze particle
migration potential at the interface of two scils. These tests
were carried out in accordance with ASTM Test Method D422 and
D1140.

The specific gravity test is used to determine the unit
weight of the solid particles of a soil with respect to the unit
weight of water. Specific gravity is used in equations
expressing relationships of air, water, and soil solids. The
standard test procedure is ASTM D854.

Plasticity characteristics of the clayey soils are provided
from Atterberg limits. They include liquid limit, plastic limit,

5121ws.83 1
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and plasticity index. These properties are used in classifying
soils and estimating relative consistency and activity. These
index properties are also used in correlations with
compreseibility, permeability, compactability, shrink-swell, and
shear-strength characteristics. Tests were performed in
accordance with ASTM D4318.

Moisture content and dry density tests were performed on
selected undisturbed samples to help assign foundation design
parameters. The moisture content, which is the pore water
content of a soil, is used to determine soil index properties and
soil consistency. It is used in most equations expressing
relationships among air, water, and solids in a soil. 1In situ
dry density is used to determine the in situ unit weight of a
soil. It is the basis for determining overburden stresses for
settlement calculations. It can also be used as an indicator of
past stresses and loadings on the soil. These tests were
performed in accordance with ASTM procedures D2216 and D2%37.

Compaction tests were carried out on composite samples
considered to be representative of the soils that are to be used
in embankments. The compaction test develops moisture-density
characteristics for a given soil. A series of tests at varying
moisture contents will yield a compaction curve from which the
maximum dry density and the optimum moisture content can be
determined. Standard procedure used in compaction tests is U.S.
Army Corps of Engineers, EM 1110-2-1906.

The settlement characteristics of the in situ clayey soils
were evaluated from results of one-dimensional consolidation
tests under the proposed design loading conditions. A sample is
axially loaded and allowed to drain while being restrained
laterally. The decrease in void ratio is measured as a function

5121ws.83 2
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of loading and time. The consolidation characteristics obtained
are used to estimate both the rate and magnitude of consolidation
under actual loading. They are also used to estimate the
permeability of the soil. These tests were carried out in
accordance with ASTM test method D2435.

Shear strength of the on site soils was evaluated by
conducting consolidated, undrained triaxial compression tests (Cu
or R) and unconsolidated, undrained triaxial compression (UU or
Q) tests. The CU triaxial compression determines total and
effective shear strength parameters and stresséstrain
characteristics of a soil. The test simulates long-term
conditions by allowing consolidation of the soil sample prior to
applying the uniaxial loading. The UU triaxial compression test
determines the total shear c:rength parameters and stress-strain
characteristics of a soil. The test simulates short-term or end-
of-construction conditions by not allowing excess pore pressures
resulting from confining and axial stresses to dissipate. All
triaxial testing was conducted according to procedures outlined
in U.S. Army Corps of Engineers EM 1110-2-1906.

The permeability characteristics of the on-site fine-grained
s80ils were eviluated using constant head permeability tests in
the triaxial cells under confining pressures of 1 and 3 ksf for
code specimen. The hydraulic conductivity data obtained from the
test are used to determine seepage and flow rates, and as a
measure of relative imperviousness., Test procedures U. S. Army
Corps of Engineers EM 1110-2-1906 were followed tc conduct the
permeability tests.

5121ws.83 3
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3.2 Geotechnical TEsting Results

The results of laboratory tests are summarized in Appendix

Laboratory sieve analyses indicate that subsurface soils
usually consist of silts and clays with source sands and gravels
encountered in the lowest units. The percent of fines (passing
No. 200 sieve) ranges from 68% to 100% for silts and clayskand
is about 15% for silty sands.

The natural moisture content ranges from 22% to 50% and the
dry unit weight from 71 to 106 pcf. The more plastic, clayey
soils have liquid limits and plasticity indexes ranging from 30%
to 81% and 10% to 55%, respecti#ely. Atterberg limits for silty
soils are between 24% and 36% (liquid limit) and 2% to 5%
(plasticity index).

Triaxial shear tests performed on undisturbed samples under
undrained, unconsolidated conditions show an undrained shear
strength ranging from 400 to 3000 psf. The total and effective
cohesion and angle of internal friction were determined from
triaxial tests and undistrubed samples under undrained
consolidated conditions. Effective cohesion in between 50 to 800
psf. Effective angie of friction ranges from 12°to 35°.

Laboratory consolidation tests and field standard
penetration tests indicate that the on-site clayey soils are
slightly to moderately over consolidated, with an over
consolidation ratio of approximately 3 to 8. Peremability
testing under confining pressures of 1,000 and 3,000 psf indicate
that the clayey soils have coefficients of permeability ranging
from 5 x 107 to 6 x 10-° cm/sec.

5121wa.83 4
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that the clayey soils have coefficients of permeability ranging
from 5 x 1077 to 6 x 10-° cm/sec.

5121ws.83 ‘ 5
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4 CONCLUSIONS AND RECOMMENDATIONS
4.1 General

The results of field investigations and geotechnical
1aboratory testing indicate that. the proposed construction at the
site is geotechnically feasible provided that the recommendations
presented in this report are incorporated into the final design
and construction.

The on-site saturated cohesionless soils have a high
potential to liquefy during a strong earthquake capable of
inducing a ground acceleration of about 0.2g. However, the
effect of liquefaction on the ground surface is expected to be
limited due to the bridging and capping actions of the upper 20
feet of stiff clayey soils overlying the cohesionless soils.

The proposed sldpes (2:1 to 3:1, horizontal to vertical,
H:V) for fill and cut embankments for the equalization basin and
effluent ponds will be stable under the design seismic and static
loading conditions. Ground settlements resulting from embankment
congtruction are estimated to occur primarily during construction
and decrease to negligible amounts soon after the completion of
construction. Both time-dependent and post-construction
settlement are anticipated to be insignificant.

4.2 Site Preparation and Earth Work
4.2.1. General

The preliminary project grading plan shows that minimal
grading will be required to construct level pads for the support

of the proposed decontamination pad, parking and roadway areas,

5121ws.84 ‘ 1
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and the site drainage. Cuts and fills to abuﬁt 22 feet and 14
feet in height, respectively, are planned for the proposed
effluent ponds and equalization basin and the surrounding
embankments. Earthwork can be performed by using conventional
equipment including bulldozer, scraper, front-end loader, and
vibratory sheepsfoot compactor.

4.2.2 Topsoil Stripping and SCaiifying

| Areas to be graded should be cleared and‘stripped of all
vegetation, debris, loose fill, and any other organic materials
present on the surface at the time of grading. Final stripping
depths should be determined in the field by the construction
engineer at the time of grading. In no case should the stripped
material be reused as engineered fill. However, this stripped
material may be used for landscaping as topSoil.

The exposed surface should be scarified to a minimum depth
of 12 inches. The scarified material should be properly
moisture-conditioned to near optimum moisture content and be
compacted to at least 95% of maximum dry density as determined by
the American Society of Testing Materials (ASTM) D698 test
method. 1If significant pumping or yielding, or both, occur
during scarification or recompaction, it will be necessary to
stabilize the exposed subgrade. The actual stabilization method
used will depend on exposed conditions and suitability should be
judged by a geotechnical engineer.

4.2.3 Fill Materials and Placement
The existing on-site soils can be used as compacted fill,
provided that all vegetation and deleterious materials are

cleared. Imported granular fill materials should have a low
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expansion potential (Plasticity Index less than 15), be free of
organic material and rocks-greater'than 4 inches in size, have no
more than 15% silt and clay particles, and be approved by the
geotechnical engineer prior to importation. It is recommended
‘that the upper 2 feet of the subgrade soils lying within 3 feet
beyond the foundation lines should be selected granular material
with low expansion characteristics. Fill should be placed in |
thin lifts (normally 6 to 8 inches, depending on compaction
equipment), moisture conditioned to near optimum moisture
content, and compacted to not less than 95% of maximum dry
density based on test method ASTM D698. Observation and soil
density tests should be carried out during grading to ascertain
that the construction subcontractor has obtained the required
degree of compaction and the proper moisture content.

4.2.4 Excavation Conditions

Conventional equipment such as bulldozers or backhoes can be
used for site grading and trench excavation. Unusual difficulty
is not expected in excavating the on-site soils. However, in
some localized areas, special effort may be required to remove
large rock particles or boulders. Construction dewatering may
not be necessary provided that excavation does not extend below
the water table at elevation of 460 feet. In all cases where
excavation dewatering is required, all proper health and safety
precautions should be taken to avoid contamination of personnel
and equipment.

4.2.5 Permanent Cut and Fill Slopes
Generally, 2:1 (H:V) slopes may be used for cuts are not
greater than 20 feet in height and 3:1 (H:V) slopes for heights

up to 30 feet. Slopes greater than 30 feet high should be
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provided with intermediate benches at least 8 feet wide and
spaced every 20 and 30 vertical feet for 2:1 and 3:1 cut slopes,
2respectively. Both inside and outside fill slopes on the
embankments of the effluent ponds and equalization basin should
be no steeper than 2:1 (H:V). These slopes should be over-filled
prior to cut-back to expose a firm and compacted surface.
Alternatively, the slope surface can be track rolled to at least
90% maximum dry density within the upper 1 foot of the surface
and 95% maximum dry density below 1 foot from the surface, as
determined by ASTM D698 test method.

4.2.6 Temporary Construction Slopes

Temporary construction slopes and excavations should be
stabilized as follows: In excavations less than 5 feet deep, a
vertical cut slope may be used with minimal shoring system for
short construction periods. 1In excavations deeper than 5 feet,
either shoring or cuts sldped 0.75 to 1 (H:V) may be used.
Flatter slopes may be required in localized areas due to soil
strength variation. If temporary cut slopes for the construction
of the effluent ponds and equalization basin, are no steeper than
1:1 (H:V), they are expected to be generally stable.

4.2.7 Trench Backfill

For the purpose of this section of the report, backfill is
defined as material placed in a trench starting at the pipe
spring line and bedding is defined as all materials placed in a
trench below the spring line.

Unless concrete bedding is required around utility pipes,
bedding material should be well graded crushed rock, gravel or

free draining sand meeting the gradation requirements of sizes
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ranging from 0.75 inch to the No. 40 sieve. The bedding material
ghould be placed to achieve an in-place density equivalent to at
least 98% of the maximum dry density based on ASTM D698 test
method. Due to the low permeability of the on-site clayey soils,
jetting or ponding of sand bedding to aid in achieving the
desired relative compaction will not be permitted.

The on-site inorganic soil may be used as trench backfill.
The backfill material should be compacted to at least 90% beneath
unpaved areas and paved areas deeper than 3 feet from the
subgrade. It should be compacted to 95% of the maximum dry
density within 3 feet of the subgrade in the paved area. All
maximum dry density should be based on the ASTM D698 test method.
The backfill material should be free of deleterious material and
rocks greater than 4 inches in size, placed in thin lifts, and
moisture conditioned prior to compaction.

4.3 Liquefaction

Liquefaction is a phenomenon in which saturated,
cohesionless soils are subject to a temporary loss of shear
strength under the reversing cyclic shear stresses associated
with earthquakes. Field sampling, standard penetration-test blow
counts ard laboratory grain size analyses indicate that the loose
fine silty sand encountered from 25 to 45 feet beneath the
proposed effluent ponds and equalization basin has a high
potential to liquefy. Liquefaction analysis was conducted using
Seed’s methods (Seed and Idriss 1971; Seed et al. 1984). The
results suggest that these silty sands may liquify during an
earthquake that induces a ground acceleration of about 0.2g at
the site. Such an acceleration has an annual probability of
being exceeded lower than 0.0006 (Nuttli and Hermann 1981).
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Interpretation of boring logs reveals that the loose silty sands
are localized strata interlayered within layers of clayey silts,
sandy silts and silty clays. Also, there is no evidence of
interconnection of the sand strata in a continucus manner between
boreholes. The proposed facilities in the quarry staging and
water treatment plant area are temporary; and the probability of
an earthquake occurring with ground acceleration greater than
0.2g within a ten year period is low. |

If such an earthquake should occur and the loose silty sand
strata liquifies, the upper 20 feet of clayey soils would bridge
the localized, liquefied sands. The bridging effects would
prevent ground subsidence and minimize differential settlement at
the ground surface. It is expected that the total and
differential settlement at the ground surface due to liquefaction
would be small. Consequently, the effect of sand liquefaction at
the site is not to be a problem, and the proposed water treatment
facilities can be constructed at the site.

4.4. Slope Stability Analyses for Equalization Basin and
Effluent Pcnds

4.4.1 General

Slope stability analyses of the proposed cuts and
embankments surrounding the equalization basin and effluent ponds
were performed in 1989 using the STABR slope stability computer
program developed at the University of California, Berleley.
These analyses incorporated a limit equ’librium method of
analysis based on the Modified Bishop Method. 1Input parameters
for the model were surface topography, soil strata boundaries,
boundaries of vertical slices, soil material properties (friction
angle, cohesion, unit weight), pore pressure data, and surcharge
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load. Three cross sections, X-X’, Y-Y’, and Z-2' were analyzed.
Thes' cross sections are located in the areas of the equaiization
basin, effluent pond No. 2 and effluent pond No. 1, respectively
(Figure 1-2). These sections are considered to be the most
critical section for each facility. Soil properties used in the
analyses were established from a review of laboratory index and
physical properties and shear test results. A circular failure
surface mode was assumed in all slope stability analyses. This
assumption was made because no shallow weak continuous foundation
layer was observed from available data.

4.4.2 Methodology and Soil Parameters

In evaluating embankment stability, different potential
failure mechanics and failure surfaces were first considered.
Initially, several general locations of possible failure were
examined in each section to determine the most critical failure
circles. These included locations through the toe of the
embankment and through the foundation materials (toe and base
failures, respectively). Data for the long-term case with
seismic coefficient, which is expected to be the most critical
case, were used in these initial searches. After determining the
general location of the critical circle, minimum factors of
safety were determined for these other cases: long-term static
case, short-term seiemic case, and short-term static case.
Additionelly, a rapid drawdown analysis was performed for the
short- and long-term seismic conditions at section 2-%Z' of Pond
l. A pseudo-static seismic coefficient of 0.1g was utilized for
the short-term and long-term seismic cases. 1In the STABR
program, the seismic coefficient was applied at the bottoms
rather than at the middles of the slices, this being the more
conservative assumption.
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Soil strength parameters used for computation of embankment
stability were primarily based on laboratory shear strength
tests, field standard penetration tests, and experience with the
characteristics of soils that are similar to the on-site soils.
Table 4-1 presents the strength data used for stability analyses.
For long-term static conditions, effective stress parameters were
used. For short-term seismic cases (seismic and static
conditions), undrained shear strength (s,) was used in the
calculation.

4.4.3 Stability Analyses Results

Stability analyses of the proposed embankments for the
equalization basin and effluent ponds indicate that the minimum
calculated factor of safety for each section analyzed is greater
than the minimum required safety factors of 1.1, 1.3, and 1.5 for
long-term and short-term seismic, short-term static, and long-
term static conditions, respectively (COE 1970). The calculated
factors of safety are presented in Table 4-2. These results
indicate that the proposed cut and fill slopes, which range from
2:1 to 3:1 (H:V) will be stable under the short-term and long-
term conditions with seismic, static, and maximum design flooding
conditions. However, the proposed cut slopes located in the east
and south of effluent pond No. 2 should not be steeper than 3:1
(H:V) nor higher than 30 feet.

4.5 Additional Slope Stability Analyses for Flood Conditions

In April 1990, a slope stability analysis was performed on
the embankment slopes of the equalization basin and effluent
ponds under a 100-year flood condition on the Little Femme Osage
Creek. This analysis was performed specifically to address
permitting needs and is not within the original scope of this
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report. The findings show that the slopes will be stable under
flood conditions. For completeness, a detailed document of this
study is included in Appndix C.

4.6 Foundations

The 1989 design plans indicate that a slab-on-grade (thin
mat) foundation is best suited to support the decontamination pad
and the water treatment plant, with design loads of about 50 and
500 pounds per square foot (psf), respectively. The preliminary
grading plan shows that a proposed fill up to about 5 feet will
be constructed to create a pad for the water treatment plant and
a fill of about 1 to 2 feet for the decontamination pad.

It is recommended that the upper 2 feet of these fills
consist of non expansive granular soils with a plasticity index
of less than 15. Provided that the aforementioned
recommendations are followed, an allowable bearing capacity of
1,000 psf may be used for the static condition, and a bearing
capacity of 1,300 psf may be used for the seismic or wind loading
condition. A friction coefficient of 0.35 can be used for
lateral load design.

4.7 Settlement

Settlement analyses were performed at the proposed sites for
the water treatment plant and in the vicinity of the highest
embankment fill at the southwest corner of effluent pond No. 1.
Approximately 14 feet of fill is proposed at this pond.
Approximately 5 feet of fill placement is planned to create a
level pad for the water treatment plant.
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Laboratory consolidation tests and field standard
penetration tests conducted on the on-site clayey soils indicate
that these soils are slightly to moderately overconsolidated,
with an overconsolidation ratio (OCR) of approximately 3 to 8.
The expected load increases that the proposed structures will
create on those soils that have compressible characteristics are
much less than the corresponding preconsolidation preésures on
the soils. Consequently, most of the expected settlement will be
elastic and should occur upon load application during
construction. Time-dependent (consolidation) settlement will be
minor.

Post-construction settlement at the proposed facilities was
estimated to range from approximately 0.25 to 0.75 inch. This is
considered to be insignificant and should take place within about
six months following completion of construction.

4.8 Lateral Earth Pressures

Basement walls for underground sumps and pump stations
should be designed to resist lateral earth pressures equivalent
to a fluid weighing 60 pounds per cubic foot (pcf). This
pressure is essentially the at-rest pressure for a leveled
backslope and is appropriate for walls restrained at their top by
the ground level slab. In addition to the earth pressure, the
walls should be designed to resist a surcharge pressure of one-
third of the design floor load or any other surcharge loads such
as those exerted by heavy vehicles, or both. These design
lateral pressures were derived assuming that a backdrain
consisting of 18-inch wide drainage material is installed and
that no hydrostatic pressure will develop behind the walls by
entrapped water.
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4.9 Site Drainage

Surface drainage gradients should be planned to prevent
ponding and to direct surface water away from foundations, slabs
and edges of pavements and toward suitable collection and
discharge facilities.

4.10 Erosion Coneideration

Areas adjacent to the top of the proposed 3:1 (H:V) cut
slope in the eastern side of effludent pond No. 2 should be
smoothly graded to direct surface runoff away from the slope and
prevent it from flowing over the slope. Immediately after
grading, slopes should be planted with vegetation to minimize
erosion. Landscape water demand should be kept to a minimum by
using native flora.

$5121ws.84 11



TABLE 4-1 Soil Strength Parameters

Section X-X
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Elevation (o] ] c e Su
Material (ft) (psf) (degree) (psf) (degree) (psf)
Engineered
Fill 480-468 260 17 250 21 1200
Alluvium 468-450 260 17 250 21 700
Alluvium 450-435 260 17 250 21 1000

Section Y-Y

Elevation C e c e ~Su

Material (ft) (pef) (degree) (psf) (degree) (psf)
- Engineered
Fill 508-468 260 17 250 21 850
Alluvium 468-450 260 17 250 21 1100
Alluvium 450-435 260 17 250 21 1200
Section Z-2

Elevation C e c e Su
Material (ft) (psf) (degree) (psf) (degree) (psf)
Engineered
Fill 480-468 320 20 300 23 1100
Alluvium 468-450 320 20 300 23 1100
Alluvium 450-435 320 20 300 23 1200
Notes:
C, o = Total Stress Parameter
c, ¢ = Effective Stress Parameter
Su = Undrained Shear Strength
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TABLE 4-2 Summary of Calculated Factor of Safety

Casas & Equalization Basin Effluent Pond 1 Effluent Pond 2 Required Minimum
Conditions 8ection X-X' 8ection 2.2’ 8ection Y-Y' Factor of 8afety
Lonyg Term Seismic 1.39 1.50 1.14 1.1

Long Term Static 2.26 2.40 1.7 1.5

8hort Term Seilsmic 1.33 2.40 1.71 1.5

8hort Term 8tatic 2.1% 3.10 1.79 1.3
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— MKE_DOCUMENT NO.
5121-Q:EN-R-05-1209-00

GEOTECHNICAL INVESTIGATIONS PHASE 11
QUARRY STAGING AREA

INTRODUCTION

The Phase II geotechnical 1nyest1gation program performed at the Neldon Spring
Remedial Action Project (WSSRAP) consisted of several tasks. These included
drilling at the Weldon Spring Quarry (WSQ) staging area; driliing at the
temporary storage and disposal cell areas of the Weldon Spring Site (WSS):
installation of piezometers at WSS and WSQ; and test pit excavation for clay

borrow sources located near the WSS. This report presenfs the procedures used

for characterizing the subsurface conditions at the quarry staging area.
Included with this report are drill logs, well completion drawings, boring
1ocafion plan, photographs, borehole summary table and borehole constant head
permeability measurements.

LOCATION

The quarry staging area is located approximately 2.5 miles southeast of the

WSS (3.6 miles v1a‘H1ghuay 94) and s bounded to the north by Highway 94, on
the east by Weldon Spring quarry, on the south by Femme Osage Siough and on
the west by Little Femme Osage Creek. The area is heavily' forested and
displays approximately 40 feet of topographic relief. Topographic highs are
mounds of soil and rock spoil removed as overburden from the adjacent
limestone quarry.

PURPQSE

The subsurface {nvestigation was performed to provide geotechnical design
parameters for a water treatment plant. This plant, consisting of several
holding ponds will treat contaminated water pumped from the adjacent quarry.
The 1investigation {ncluded drilling, soil sampling, coring, f{n-situ
permeability’ testing, piezometer construction and development, and hole
abandonment.

BROJECT PERSONNEL

Subcontract WP117 was awarded to Hannibal Testing Laboratories (HTL),
Hannibal, Missouri for drilling. HTL ‘subcontracted drill pad locations and
access clearing to Bleigh Construction, also of Hannibal, Missouri. HTL
employees Tom Clay and Terry Hemme performed as driller and drillers helper,
respectively. Nick McNew operated the D-6 caterpiliar dozer for Bleigh
CC05\89.1



Construction.  MX-Environmental Services geologists Alan Benfer, Marfie
Schauer, Ray Parsons, Mark Cantrell and Paul Patchin, alternated for logging,
documentation and supervision of the drilling and site activities. Charles
Payton, WSSRAP geologist provided project direction.

MEALTH/SAFETY AND DECONTAMINATION

Because the quarry staging area is outside of the contaminated quarry,
personal protective equipment was not required for site personnel. TLD badges
and entrance/exit urine samples were not required. Hard hats and sturdy work
boots were required and worn by all workers.

Scanning of sampies for radioactivity was not required except for the first
hole drilled, GTQ-7. An {initial 1/2-hour safety meeting was presented and
attended by all project personnel. The driller, Tom Clay was required to
attend a weekly, one-hour subcontractor safety meeting.

The drill rig and all tools. were decontaminated by steam cleaning upon arrival
at the site and were decontaminatod between borings and prior to demobilizing
the site. :

R N PLIN

Eight borings, GTQ-1 through GTQ-8 were originally scheduled for the quarry
staging area. During the project, three optional holes, GYQ-9, 10 and 11 were
added. Figure 1 shows the boring locations. The GTQ designation for borings
imply geotechnical quarry.

The quarry staging area investigation was performed between February 7 and May
4, 1989. Piezometer development occurred between June 9 and June 15, 1989.
Drilling was accomplished using a CME Mode) 55 truck mounted drill rig.
Continuous flight hollov stem augers with a 6-7/8 inch outside diameter (0.D.)
by 3-1/4 inch ins‘de diameter (I.D.) were used to dril) the overburden to the
top of bedrock. s with a 7-1/4 inch (0.D.) by 4-1/4 inch (1.D.) were
used to modify piezometer GTQ-5 and to drill GTQ-11). Upon reaching bedrock,
borings GTQ-2, 3, 5, 6, 7, and 10 were cored 20 feet using a NQ wireline core
barrel. GTQ-1 was cored 2.7 feet, then abandoned due to a lost core barrel.
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SOIL SAMPLING

Soil sampling was performed on 2-1/2 foot centers through the overburden.
Disturbed soil samples were obtained using a 2.0-inch 0.D., 1.5-inch 1I.D.
Standard Penetration (SPT) sampler. SPT samples were placed in capped plastic
Jars.  Relatively undisturbed samples were obtained using a California
spl\t-barrel sampier having an 0.D. of 3.0 inches and I.D. of 2.5 inches.
Four, 6-inch long, 2.5-inch 1I.D. brass 1liners were placed inside the
California sampler. Each retained 6-inch liner was capped and taped. Both
the SPT and California samplers were driven a depth of 18 inches beyond the
Tead auger using a 140-pound safety hammer free-falling 30 inches. The number
of blows required to drive each 6-inch interval was recorded and the final two
6-inch drives were summed and expressed as blows per foot. Undisturbed
samples were obtained by hydraulically pushing 3.0-inch diameter, 36-inch long
steel Shelby tubes to a depth of 30 inches. Upon retrieval, both ends of the
tube were sealed with molten bee's wax, capped, and taped. Care was taken to
maintain the tubes in a vertical position at all times.

Soils encountered were described in accordance with the Unified Soil
Classification System. Soil colors were described according to Munsell soil
color charts. SPT and other selected camples were photographed. These
photos, as well as the boring'logs. accompany this report.

All samples were labeled and chain-of-custody forms were completed showing
samples collected. A1l soil samples were stored in WSS building 404 in a
heated roon to prevent sample freezing. A daily field diary was maintained
documenting all drilling activities. A dally record of work progress was
submitted to Charles Payton dally as well as a weekly summary of pay ftems.
Copies of field logs were sent weekly to Edward Tom, geotechnical engineer,
MK-Environmental Services, San Francisco.

PERMEABILITY TESTING

Constant head permeability testing was performed in al) borings except GTQ-6,
7 and 8. Testing and calculations f;1lowed the procedures outlined in the
U.S. Bureau of Reclamation Earth Manual, appendix E-18 (open-end gravity flow
tests). Individual tests were typic»)ly performed at depths of 12.5, 17.5,
and 22.5 feet. In general, the 12.5 and 22.5 foot
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intervals were within the unsaturated zone above the water table. Tests were
performed in GTQ-11 at saturated depths of 42.0, 46.5 and 51.5 feet.

The permeability testing procedures consisted of lovering' threaded NQ
(2.375-1nch, I1.D.) drill rods through the hollow stem augers to the hole
bottom. In all cases, testing followed the retrieval of a Shelby tube
sample. The rods were pushed into undisturbed soil approximately 4-inches to
provide a seal. Clear water was used to completely fill the inside of the
rods and a full level was maintained by adding water as the water Jlevel
dropped. The volume of water added after initial filling was recorded for the
testing period of typically 10 minutes. Table 2 presents a summary of test
results.

ROCK CORING |

Soil sampling was continued to auger refusal at the top of bedrock. The
hollow-stem augers were left in the hole to serve as casing and the boring was
continued using a 10-foot NQ wireline core barrel having a 2.98-inch diameter
diamond impregnated bit, providing 1.875-inch diameter core. A split
inner-tube was wused within the core barre1‘ to maintair core integrity.
Borings GTQ-2, 3, 5, 6, 7 and 10 were cored 20-feet and GTQ-1 cored 2.7 feet.
Borings GTQ-4, B, 9 and 1) were not cored (Table 1). Clear water only was
used and was trénsported from the St. Charles County Water Plant using a
750-gallon water truck.

The core was striped red and btue to maintain orientation and the footage was
marked on the core. Selective portions of *he core were photographed.
Discontinuities were graphically recorded on the 1log &nd described.
Penetration rate, water return, recovery, and RQD were recorded. Kooden
blocks, marking core runs and estimated loss zones were placed within the core
as it was boxed. Photographs taken of the boxed core and selective portions
of the core accompany this report. Core logs are also enclosed.

PIEZOMETER INSTALLATION

Piezometers were installed to measure water levels in each boring except GTQ-)
and GTQ-10. Piezometers were constructed of 2-inch (I1.D.), flush-threaded PVC
pipe. Screen lengths varied from 10 to 30-feet and were 2-inch PVC having
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TABLE 2
CONSTANT HEAD PERMEABILITY TESTS

‘ Calculated
Test Water Soil Permeability
Boring Depths Level Class Take _(cm/sec)
GTQ-) 10.0 22.8 ML 1.0 0z./10 min, 6.72 x 10-6
15.0 ML, CL 7.0 02./10 min. 3.50 x 10-5
20.0 SC 2.0 02./10 min. 7.96 x 106
GTQ-2 12.5 17.5% CH 0/14 min. 0.0
17.5 CH 0/11 min. \ 0.0
22.5 ML 1.5 02./15 min, 5.0 x 106
GTQ-3 11.5 12.3 ML 128 02./6-1/3 min. 1.36 x 10-3
17.5 CH 0/10 min. 0.0
22.5 CH 3.0 02./10 min. 2.05 x 10-5
GTQ-4 12.5 23 ML 1.0 02./10 min. 6.50 x 10-6
17.5 CH 0.5 0z./10 min. 2.44 x 10-6
22.5 ML 2.0 02./10 min.. 2.80 x 10-¢
GTQ-5 12.5 25.3 CL 0/10 min. 0.0
17.% ML 1.0 02./10 min. 4.87 x 106
22.5 ML 9.0 02./710 min. 3.51 x 10-5
32.5 9.0 0z2./10 min. 3.16 x 10-5
G7Q-9 12.5 20.3 CL 2.0 02.710 min. 1.30 x 105
17.5 CL 0/10 min. 0.0
22.5 SM 16 02./10 min. 6.84 x 10-5
GTQ-10 12.5 32.1 CL (Fi11)  Could Not Fill 3.33 x 102
17.5 CH 0/10 min. 0.0
22.5 CH 0/10 min. 0.0
GTQ-1 42.0 25.0 CH 0.05 02./10 min. 1.74 x 106
46.5 CH 3.0 02.710 win. 1.04 x 105
51.5 CH 3.20z2./770 min. " 1.11 x 10-5

CC05\89.6
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0.010-inch slots. Meramec MWarrior brand silica sand having WB-30 or WB-40
gradation served as a filter pack. Volclay grout provided a seal above the
sand pack and to the ground surface. Piezometer completion drawings accompany
this report.

Because hole depths avéraged about 80 feet and water levels to be monitored
averaged only about 20 feet, the initial four piezometers, GTQ-3, 6, 7 and 8
were constructed by filling the drill holes with sand to the bottom of the
piezometer. Later 1s was decided that the sand-filled holes provided a
conduit for wvertical migration of potential contaminants. These four
piezometers were therefore abandoned by drilling out the hole to total depth,
removing the PVC pipe and backfilling with Volclay grout.

GTQ-5 was modified to place a 10-foot screen within the limestone to determine
if a separate bedrock aguifer existed. GTQ-11 was placed 20-feet away and
screened within the alluvial sediments. Volclay grout seals were placed in
GTQ-5 and 11 by the tremie method.

P TER AN REH ABANDONMENT

Piezometers GTQ-3, 6, 7, 8 and borings GTQ-1 and GTQ-10 were abandoned by
plugging with Volclay grout manufactured by American Colloid Company. Volclay
consists of a high-solids bentonite clay powder with a 4% added initiator
which causes the grout to set up to a plastic consistency. Each 50-pound bag
of Volclay was mixed with 23 gallons of clear water. The Volclay powder was
Jetted through a hopper into a tub and thoroughly mixed by circulating through
the rig mud pump. Two pounds of initiator were added per 50-pound bag of
Volclay. Once mixed, the grout slurry was pumped through the hollow stem
augers, the augers were retrieved, and the hole topped off.

T NT
Active piezometers GTQ-2, 4, 5, 9 and 11 were developed by purging water to
remove sediment and to promote aquifer flow. Initially, all piezometers were
bajled to remove the muddiest water. Subseguently, additional water was
pumped using a Triloc 1.7-inch PVC hand pump. In addition, GTQ-5 and GTQ-N
were pumped with a nitrogen-charged bladder pump. Development occurred
between June 9 and June 16, 1989 and was performed by HTL

CCo5\89.7



and supervised by Alan Benfer. A1l pumps and ballers were decontaminated
prior to placing in a piezometer.

Project specifications required the purging of ten casing volumes of water for
development. Even though greater than ten volumes were removed, the water in
all piezometers remained somewhat turbid. The lack of clear water is probably
due to sand filters being too coarse to trap the fine-grained alluvial
materials. Initially, the piezometers were designed for water level.
monitoring only and were later developed in order to serve as water quality
monitoring wells.

Table 3 presents a summary of the casing volumes and water purged from each of
the active piezometers,

TABLE 3
Casing Volume ' Volume
Piezometer (Mater Column=Gal.) Removed
6TQ-2 10.4' = 1.7 gal. 146 gal.
GTQ-4 15.8' « 2.58 gal. 118 gal.
GTQ-5 81.3' = 13.2 gal. 212 gal,
GTQ-9 11.8' = 1.9 gal. 150 gal.
GTQ-1 55.4' =« 9.0 gal. 185 gal.

NOTE: 2.0-inch I.D. casing has a volume of 16.3 gallons per
100 feet of casing

CC05\89.8
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WELDON SPRING REMEDIAL ACTION PROJECT

Sw4‘u7

‘ Progect Number,
BOREHOLE LOG MKE S121
Hole Number :
GTQ-10
Project: Locaton: ‘ ‘
Geotechnical Investigation Phase II Quarry Staging Area
SAMPLE e AATION SO& DESCRIPTION
. Tes7 : .
§ 8| g e g mesuLTy § Name, Gradation or Plasticity, Particle Size Distribution,
x| = wd | 8 | ee=4- | § [Color, Moisture Content, Relative Density or Consistency,
g SzS | £ |82 | © ] £ |Soil Structure, Mineralogy, USCS Group Symbol
©loem | z2 |E2 | ¥ "3 ‘
85 [85.0(Ss 0.8 TR d N _ .
—86.5] 22 (10" 14 2{,5, CLAYEY GRAVEL, medium to high plasticity, dark .
in K| 9reenish gray (5G 4/1) to dark bluish gray (58 4/1)
QB matrix with tan (7.5YR 7/4) and white (N8) gravel,
— D, wet, medium dense, fine to coarse, anqular chert =
B oﬁﬁ gravel, maximum size 1%", a little fine to medium
o 89.5 A | sand, GC. 89.57
B Auger refusal at 89.5'. o
Switched to NQ wireline core N
] *Constant Head Permeability Tests l
NQ Wireline rods 2.375" 1.D. -
i 12.5', couldn't fill hole with 40 gal/10 min. |
] @17.5', take 0 o0z./ 10 min. -
7 ©22.5', take 0 0z./ 10 min. .
-1 -~
— —




GEOTECHNICAL BORING LOG LEGEND

SS
SB

- SYMBOLIC LOG

// CLAY " GRAVELLY CLAY
SILT CLAYEY GRAVEL

: SAND SANDY CLAY

:a"o XXX

ooq’ i::; ‘

=1 GRAVEL TOPSOIL

2?;/ SILTY CLAY ==4  SHALE

136 ‘ﬁj;

.«r le

l CLAYEY SILT TH  CHERTY LIMESTONE

SAMPLER DESIGNATIONS

STANDARD PENETRATION SAMPLER (2.0" SPLIT SPOON)
CALIFORNIA SAMPLER (3.0" SPLIT BARREL)

¥ = LINERS COLLECTED

ST

30" SHELBY TUBE

F.Pz POCKET PENETROMETER ,UNCONFINED COMPRESSIVE STRENGTH (Tons/Sq.Ft.)

65,6/9 2

29, 6/16 X

GROUNDWATER MEASUREMENTS
DEPTH 8 DATE OF INITIAL WATER LEVEL MEASUREMENT

DEPTH 8 DATE OF STABILIZED WATER LEVEL MEASUREMENT

COLORS

SOiL 8 ROCK COLORS FROM MUNSELL SOIL AND GSA ROCK COLOR CHARTS



WELDON SPRING REMEDIAL ACTION PROJECT oot 1 o 6
| "Contract WP 117
ontrac
BOREHOLE LOG -
GTQ-1
Project: JOn. . :
~ Geotechnical Investigation - Phase ]I buarry staging area adjacent to RR tracks
Coordinates: _ Oriting Contracior:
N.7343,09, E.12734.8] Hannibal Testing Labs
Dril Make and ModeY, Depth Top of Rocic Depth Casing & Size: | Hole Sizs:
CME 55, Hollow Stem Auger, 6-7/8", 3" ~ 7050.0' Augers to 80' 6-7/8" / 2.98"
Elevation: Angle from Vert. and Beanng: Depth Botiom of Hole: i
474,38 g.s. Vertica) 95,7 ;
Water Lovel: Fud & Additves: Date Start: Date Fiush: Logger. )]
~ 23' 3/10/89 | clear water 3/14/89 3/16/89 A. Benfer |
SAMPLE sTpoumo SO DESCRIPTION W Cantrel] |
' TESY
E| wl g | | Fjomune Name, Gradation or Plasticity, Particle Size Distribution,
5| z3 2| sk g | s 3 Color, Moisture Content, Relative Density or Consistency,
Wiasg E gg s ™ 22 [Soil Structure, Mineralogy, USCS Group Symbol |
Wi oown 3 & -4 0 i
4 XXX 1S0i1 fi11 over %" angular 1imestone grave) |
- o4 i1 d ballast), -
e (Railroad ba ) | P
- et ————
LS 4.7-8 SILT, nonplastic, 1ight brownish gray (10YR 6/2) with’
5— s5.5(01 12" | 15 strong brown (7.5YR 5/8), very moist to wet, stiff —
B (1.25) ML. Micaceous. .
4 7 5lsT as above, pale brown (10YR 6/3), moist, very stiff _
02 |32" (2.75) i
10 ey 10.0 | _
* “110.0[5sS 6-7-7 as above, light brownish gray (2.5Y 6/2), with FeOx,
J11.5{03 (12" | 14 strong brown (7.5YR 4/4), med. stiff to stiff (1.0) -
11
] 13.0]
IR T Tnternixed SILT to SILTY CLAY, nonplastic to fom
-1 yﬁ,phsticity. light brownish gray ?Z,SY ?{2; with FeOx,
5 15.0 strong brn. (7.5YR 4/4), mo¥st, stiff (1.78)ML, cL
* 1150 55 1-3-3 SILTY CLAY, Tow to med. plasticity, brown (10YR 57 )
4.0 " ith d ni Ox, Bt brow ,Ségs,mo
e L N 7 R G A R R e S
- 17,5187 -
06 | 29" g% _ 19,9
20—y 20.0 7 .
+ 1 20.0[ 53 7.2 '/ |SAND, fine to medium, clayey F30%), dark yellowish —
451 5] 07 g" 4 /’ brown (10YR 4/4), moist med. stiff (0.75), SC _
. ".4/'
A JSILTY CLAY, hed. plesticity, mottled gray (10¥R £71)
3/16/& P IS ij yeilowish brown (10YR 5/6)-FeOx, moi t, med, stiff
Z i 08 | 33y" (f‘.7€% CL. Minor nnox, 1" san% lens asoa OVE.PSCZ 2L4.O
25.0 }1 Interbedded s1ightly SILTY FINE SAND (10% silt), 7
— WL (cont'd) —




WELDON SPRING REMEDIAL ACTION PROJECT Shoet 2 6
‘ of
Project Number:
BOREHOLE LOG Contract Wp 117
b Hole Number
GTQ-1
Project: Location:
Geotechnical Investigation - Phase 1] Quarry Staging Area
SAMPLE ’3::::& SON DESCRIPTION
2 > | s '
o wil g « S ‘g’ Name, Gradation or Plasticity, Particle Size Distribution,
a ;gg é ] g o-¢-6* | @ |Color, Moisture Content, Relative Density or Consistency,
b %ﬁ% E 2% ;u—; ™) gg Soll Structure, Mineralogy, USCS Group Symbol
5 .00 ss 1773 PpYVISILT and SILTY CLAY, medium plasticity, dark gray
26,5109 |15 S V7 A(2.5Y 4/0), stiff (1.25), moist, SP/SM, ML/CL/CH, -
- ,('./25.0-26.5, mostly SP/SM, minor CL/CH, pp-0.75 ]
J77 iT 330 j’ | CLAYEY SANDY SILT, sand very fine (15%) low plasticit)
- 0 V{14 dark gray (2.5Y74/0), moist, ML.
3/14/84 30,0 e 7
3/15/84 30.0( 5§ 376 11l Very fine SANDY SILT, 25% sand, nonplastic, minor —
315 11 | 16" 13 {'t1| organics, dark gray (5Y 4/1), wet, stiff (1.5), ML. _|
35 ! —]
35,01 ST
- 12 |0 j/ i
32,5 / .
—37.5] SS 2-3-8 / CLAY, highly plastic, dark gray (5Y 4/1), moist, . N
39,0/ 13 |.14"| 11 / stiff (1.75), CH. light gray claystone in shoe
40 40.0] SS 2-4-5 / CLAY, highly plastic, dark gray (5Y 4/1), moist,
~141.5{ 14 | 18" 9 1 stiff (1.75). CH, very thin lenses of silt every few_
a inches,
| |/4‘1 7]
~p —
i i) )
45 e . —
45.0] ST CLAYEY SILT, low plastic, very dark gray (5Y 3/1),
- 15 | 33" /'// moist to wet, (2.0) stiff, ML. Noted fine gr. sand .|
. . f .
447 5 v b .s1ough in top of tube i
- ﬂ/ | _
50 ) A_Y_J
50.0] SS 2-2-6 ! | Interbedded SILT, SILTY SAND (very fine)& SILTY CLAT:
<51.5{ 6 | 14"| 8 ;|-)|... very dark gray (5Y 3/1), moist, stiff (1.25) ML,SM,cl
tli.
— 1\ / _
- At o R
A -
55 —| gl _
[ ]




WELDON SPRING REMEDIAL ACTION PROJECT Sheol __ 3 o 6
Project Number:
N ‘ Contract Wp 117
o BOREHOLE LOG o]
GTQ-1
Prosect: ‘ Location:
Geotechnical Investigation - Phase Il Quarry Staging Area
SAMPLE &:‘;‘% SO DESCRIPTION
8 .8l 3 g | E [oeun 3 |Name, Gradation or Plasticiy, Particle Size Distribution,
= ‘%& g |o¥ § s8¢ | 8 |Color, Moisture Content, Relative Density or Consistency,
é Ea‘:% g g% 2 ™ £ [Soil Structure, Mineralogy, USCS Group Symbo
Wl oown = < & ]
55 55.0} SS .| 2-6-8 [A Y ASILT, SILTY CLAY, (Medium to high plastic) no sand,
—156.51 17 [ 12" [ 14 Amoist, stiff (1.75), ML, CL/CH -
- | j | .
60 60.0[ SB 5-5-1 MSILT, SILTY CLAY, (medium to high plastic), very dark |
g1 5| 18 | 12"| 15 gray (5Y 3/1), moist, stiff to very stiff (2.0), ML, -
__ I 'CL/CH. Contains organics. N
- /P/Orgam'c, CH -
A S 3-6-9 //a 65.5
T66.5] 19 | 18" 15 LA 34 SANDY CLAY, fine-coarse grain,=30% sand, moist -~
n 4/ A very stiff, (2.25), organics, trace fine gravel, _
/ angular, (1 oks like glacial till). Clay is CH, veryl
- / dark gray, (5Y 3/1), ~
L VLN S -TETY /% ith 1 ]
' .O " 57 ) ~»// Same as above with 1 inch clean sand layer 71.0
71.5]2 20| SANDY GRAVEL, up to 1", chert, 1ight gray to dk gray,
7 o. .0 wet, med. dense, GW .
75 — Hard drilling, probable weathered —
- ‘ bedrock -
- -1
80 80.0(NQ-1 Predominantly angular chert fragments with minor
- 3" Timestone and gray clay -
8%
3//578 830 T
3,16/8¢ Auger drilled from 83.0' to 93.0', hard, relatively
~ smooth drilling -
85 — | _



a

WELDON SPRING REMEDIAL ACTION PROJECT Shoot 8 o 6
Prgyact-Nmnber. 7
BOREHOLE LOG ontract WP 11
Hole Number
GTQ-1
Location:
Geotechnical Investigation - Phase 11 Quarry Staging Area
_SAMPLE | Stanoamo SON DESCRIPTION
TESY .
& w § | e | & D1 QS Name, Gradation or Plasticity, Particle Size Distribution,
E TE | & | S8 g ¢4 | @ |Color, Moisture Content, Relative Density or Consistency,
a7 | ¥ |asZ N) F 2 | Soil Structure, Mineralogy, USCS Group Symbol
d{dsa| z |&2 | ¥ %S
85 '
'“ Appears to be weathered bedrock as opposed to gravel -
SJ— —
b -1
~ Auger refusal 93.0' 9:15 3/16/89 -
P> — Switched to NQ core, pages 5-6 7
7] *Constant Head Permeability Tests ]
- NQ wireline rods: 2.375" 1.D. -
h @10.0' take 1.0 0z/10 min. n
_ @15.0' take 7.0 0z/10 min. ]
- : @20.0' take 2.0 0z/10 min. -
- | -
L 21



WELDON SPRING REMEDIAL ACTION PROJECT

Shet_5_ ot _6,
Tontract WP 117
ontrac
BOREHOLE LOG - f
GTQ-1
Reotechnical Investigation - Phase 1J Quarry Staging Area
COMMENTS 5 LSCONTINUITIES LITHOLOGY
- 4
TESTS/MONITORING g g @, DESCR® MINERALOGY CEMENTATION
INSTRUMENTATION E* § TIGHTNESS CLASS! HARDNESS
x | CORING RATE AND zW (S 8| PLANARITY COLOR WEATHERED
“MOOTHNESS ¢ z & SMOOTHNESS GRAIN SIZE STTE
§ CL.-'NG FLUID LOSS g § § & ALUNG, STAINING ALTERATION
CON AMINATION Y¥[ORI8 &l oRIENTTION
86- Begin core 80.0
" [3 mins/ft NQ-1f  11j0% Recovered ~2" of
chert, gravel and ~1."
4752 water %__8_5_ o:ahltr:}%:tone and minor
return ' gray Y-
B
3L mins/ft. 8%
82
3 mins/ft
75% return .
- 83.0
7 Note numbering sequence
Augured 83.0-93.0
N See soil log
b
93 93.0 Moist joints spuf
3% mins/ft |no-2 |1 Rough, open -~ 93.0-95.7 Limestone, pale
& .7 ! " 1 yell~ish brown (10YF 6/2) t:
1752 water ' 8 2.7 |5 . Min dark yellowish brown (10YR 4,
N i r fine grained, fossiliferous.
return 2.7x 26% . " reB Generg1?y s1ight weathering.
iy Minor, thin coating on joint:
T3 mins/ft 66% p=.7 Rough, open %" slight weathering.
3 94.3 - stylolites
78% return Spen, rough L _J94.7% - closed weathered (1/f
. > < —— deep) tracture
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WELDON SPRING REMEDIAL ACTION PROJECT Shoat __6 o 6
| Number.
Contract WP 117
BOREHOLE LOG ot
GTQ-1
Project: Locaton: ‘
Geotechnical Investigation - Phase I! Quarry Staging Area
COMMENTS - DISCONTINUITIES UTHOLOGY
TESTS/MONITORING gé ) DESCRIPTION § MINERALOGY CEMENTATION
INSTRUMENTATION § § 5| NGHTNESS CLASSIFICATION HARDNESS
CORING RATE AND E¥IS 58 PLANARITY COLOR WEATHERED
SMOOTHNESS 2 g,‘ L| SMOOTHNESS GRAIN SIZE SWIE
CORING FLUID LOSS g § 22| ALLNG, STANING ALTERATION
CONTAMINATION Y¥BR8 &¥| omenmnon
> > < ooen rough (4) [
| > < 4 wil
95.6 stylolites
T.D. 85.7"
96 1:45 3/16/89
Core barrel cut off. Hole
b grouted with Volclay.
-1




WELDON SPRING REMEDIAL ‘ACTION PROJECT pon 1 o .
‘ Project Number:
BOREHOLE LOG _ Contract WP 117
Tz

Project

Geotechnical Investigation - Phase Il

Location: .
Quarry Staging Area

Coordinetes:
N.7238.57. E.12871.34

Hanniba? Testing Labs

4/3/89 |«

Drid Make and Mode!: Depth Top of Rock: Depth Casing & Size: Hole Size:
CM5-55, H.S. Auger 6-7/8", 34" 78.0" 78.0';6-7/8"Au94r 2.980" I
Eleution: from Vert. and Bearing: Boriorn :
TOC 478.76; 475.26 g.s. A o o na Depn Botom of o o ]
Water Lovet: 4/3/89 Fluid & Additives: Oate San: Dat Finsh: Logger:
17.5' b.g.s. water 9:30 3/23/89 3/24/89 N aopcantrell/
SAMPLE T AT SOIL DESCRIPTION !
TEST
§ w| 2 c | & [Mean | g Name, Gradation or Plasticity, Particle Size Distribution,
EgE g Eg g 688 § Color, Moisture Content, Relative Density or Consistency, [
5 gga E t; g ™) gg SoalStructure.Mmeraiogy.USCSGmpSmbol ’
XXX |
- Split spoon caught on rock, pushed rock causing no _[
ZESS T (73 recovery. Area is fill near the surface, from 0-4/ |
4.0 01 5 -J
> 5.0l ST j SILT, low plasticity, olive brown (2.5Y4/4) moist “-"\
— 02 25 to wet, med. stiff-stiff (1.0) micaceous ML. d
~ 7.5 - ]
T T ‘ SILTY CLAY, med. plasticitygrayish brown (2.5Y §/2) ]
I 16" |° ~°7 with Fe Ox, strong brown (7.5YR 5/6), moist, stiff -
3.0} 03 8 (1.5) CL/CH. (contains organics) i
10 10.01 ST / CLAY, high plasticity, dark gray (2.5Y 4/2) with —
04 | 33v / Fe Ox, dark brown (7.5YR 4/4) moist, stiff (1.75) CH
-112.5 / -
*
13.0} SS 11-3-3 / CLAY, highly plastic, =ame as above, pp=1.25 stiff =
qua.5] 05 [ 18] 6 / CH -
15 S—
15.0( ST o as above, with increasing Fe Ox, moist
] 06 | 2 / pp=1.25, CH -
J17.5 g -
18.0f SS | g | 1-1-1 V as above, with increasing silt content N
-119.5| 07 2 pp= .75 med. stiff CL u
20 q — .
20.0| ST SILT, med. plasticity, very dark gray (5Y 3/1) moist]
m 30" pp= .75 med stiff, ML -
08
. 22.5 -
23.0) S 17" 1-2-3 as above, with minor fine sand, ML 7
T24-5] 09 5 pp= .75 .
125 — - —




WELDON SPRING REMEDIAL ACTION PROJECT Shoet 2 7
of
Project Number:
BOREHOLE LOG Contract WP 117
. Hols Number
67Q-2
Location:
Geotechnical Investigation - Phase 1] Quarry Staging Area
SAMPLE poTANDARD ‘ SOIL DESCRIPTION
YEST
§ wl g o | E [SEA O IName, Gradation or Plasticity, Particle Size Distribution,
g X2 E - g -3 | § |Color, Moisture Content, Relative Density or Consistency,
8os W | gz O N 29 | Soil Structure, Mineralogy, USCS Group Symbol
B|883 | £ [r2| & %9
25 25.0| <7 " .125.0-27.4 SAND, gray (2.5Y 4/0), wet, fine to medium
. 30" rain,‘““'pg=1.25, stiff, SW. -
10 on-127.4-27.5 CLAY, dark gra% (2.5Y 5/0), highly
27.5 . -pTastic, medium stiff, CH. : -
-27.5] SS g {1-3-3 727.5-28.6 CLAY, as above, pp=0.5
29.0] 11 {187 | 6 /“—‘“‘_ 28.6]
”/ AGRAVELLY CLAY, highly plastic with coarse sand, -
30 %dark gray (7.5YR 4/0), moist, medium stiff —
30.0 SS 16" 1-2-3 0/5(0.75)a CH. ' 31'0
131.5] 12 5
. l SILT, low plasticity, very dark gray (5Y 3/1), wet,
l soft, ML.
= 4 —
35 / . . _
35.0] SS L 14-7-9 CLAY, highly plastic, dark gray (7.5YR 4/0)
436.5| 13 {14 16 ro‘/wet, soft to med. stiff (0.5), CH. 36. 4
- ' %36.4-36.5 GRAVELLY CLAY, GC. -
3/2389 / | . o ]
3/ 24589} 40 U 0TS 67V ACLAY, medium plasticity, contains minor gravel and —
Jdars| 14 ] 9" | 13 "Atine sand,dark gray (5Y 4/1), wet, stiff (1.25),
%CL-CH.
/45 0-45.5 as above }

45 / :

45.01 S [, [336-9 A 45 . §—
746.5] 15 | ) /,145.5-46.2 CLAYEY SILT, medium plasticity, very -
- A1 {{dark gray (5Y 3/1), stiff to very stiff (2.0), wet,

A |minor organics, ML.
7 //46.2—46.5 CLAY, highly plastic, dark gray (2.5Y 4/0)
- pp=1.5 stiff, wet, CH. -
0%

50 50.0 s | 3-12-15] '] [ACLAYEY SILT, Tow plasticity, very dark gray (5Y 3/1)5
<515 16 |10" 27 A [stiff to very stiff (2.0), wet, minor organics, i
| A , ML. ]

o
/ —
- ) A
= 55 — dl -



WELDON SPRING REMEDIAL ACTION PROJECT

Sheet 3 a7

Progect Number
BOREHOLE LOG Contract WP 117
. Hole Number
GTQ-2
Project: :
Geotechnical Investigation - Phase II Quarry Staging Area
SAMPLE ’:::mr’:g. SOIL DESCRIPTION
TesY
g ¥l g o | E |- 1 Q IName Gradation or Plasticity, Particle Size Distribution,
£ z2z| = | 28 g PRy § Color, Moisture Content, Relative Density or Consistency,
5 ggé § Eg § ™ ;g Soil Structure, Mineralogy, USCS Group Symboi
55 [95-0f SS ygu [3-5-7 as above, pp=1.75
156.5| 17 12 { -1
— / —
i 58.(
60 // —
60.0 SS | gu [4-5-8 CLAY, highly plastic, dark gray (7.5YR 4/0),
61.5] 18 13 "/|stiff to very stiff (2.0), wet, CH -
= % -
65 65.0f SS . 14-5-8 // CLAY, as above, bottom 6" contains minor sand and —1
—66.5] 19 18 11 M AAsilt, pp=1.75, stiff, soft white specks possibly .
e ./ / 4weathered limestone frag., CH
— g 68.2
70 /GRAVELLY CLAY, medium to high plasticity, very dk ]
__70'0 55 g" ¢ /-8 /gray (5Y 3/1), very stiff (2.5), wet, angular
71.5] 20 13 /chert and limestone gravel, maximum size 1%", CH ]
75 75 0l SS 16-12-102. 7485 above, with increasing gravel and coarse sand —
- '5 ’1 7" 27 M~ 3072 some clay is (5G 4/1) (rock color chart)
6. , "4 pp=1.5, stiff '
324/ 8%
N 78.0' auger refusal 3/24/89
Switched to NQ core 7
80 — *Constant Head Permeability Tests ]
_ NQ wireline rods: 2.375" 1.p. -
— @lz.5' take 0 0z/10 min. —
- @l7.5' take 0 0z/11 min. .
- 022.5' take 1.5 0z/15 min. -




WELDON SPRING REMEDIAL ACTION PROJECT shoot o 7
a MKE 5121
BCREHOLE LOG ——
‘ GTQ-2
Promct. B o Location: A
Geotechnical Invesiigation Phase 11 Quarry Staging Area
COMMENTS " \‘./""; DISCONTINUITIES | UTHOLOGY
TESTSMONTORING . | B 5 | |8 @ § MINERALOGY CEMENTATION
ol BEE g ol Ry e
E | “SMOOTHNESS ggw EU- SMOOTHNESS GRAIN SIZE SWIE
Q CORING FLUID LOSS gg EEIN § é‘f FILUNG, STAINING ALTERATON
CONTAMINATION & |8R|8 & omE
76
] i
7% -
78 78.0]7 Started coring at 78.0'
Runl average 4.0/p|113.4
4 6% min/ft 5.5 5.5 Core loss 78.0-79.5' 4
100% fluid return}
white (N8) to 73% 62%
70l light gray (N7) ]
LP
- 1.4'13 Irreg., roug L~ LIMESTONE, buff (7.5YR 8/4) t
N I Chert noggie 1 1ight gray (N7), fine grained%
5 géﬁ » Smootn, crystalline, fossiliferous
86 > Opén,irreg,rgh, 1 (crinoids), large calcite _
4" s1t. solution crystals, moderately hard,
Open, irreg,rgh (1 fresh. with large blebs and
. 2 | _trace MnOx wavy stringers and bands of |
Tight,irreg, L) white (N8) chert and tan -
rgh,trace MnOx (7.5YR 7/4) hard clay.
8% Thinly bedded. Closely —
to med'ium)fractured (spacing
, . 25" to 2'), occasionally
Tight,irreg, o~ © 2 :
- 2 rough, MnOx gldily‘if;actured (spacing -
Tight, irreg,
82 rgh,trace MnOx | Possibly -]
PLATTIN FM
- 0 -
22




WELDON SPRING REMEDIAL ACTION PROJECT ot 5 o
’ Project Number.
MKE 512
BOREHOLE LOG -
GTQ-2
eotechnical Investigation Phase 1] Guarry Staging Area
COMMENTS - DISCONTINUITIES LITHOLOGY
TESTS/MONITORING ggg &3 DESCRIPTION § MINERALOGY CEMENTATION
ggaTrN%Mrfmmo EE‘ - g nmms~§ COLOR WEATHEPSED
£ | TSMOOTHNESS g w SMOOTHNESS GRAIN SIZE SWIE
§ CORING FLUID LOSS E§ 55" § €| RLUING, STAINING ALTERATION
CONTAMINATION ¥ [OR|8 £ oRIENTTION L
1
Tight, irreg., LIMESTONE, as above
83.5 » | rah, abund b1k ﬁ
Run2 average Runzl 11 1q 7 MnOx, solution
8 5 min/ft 100 0-01 I1ignt, irreg,
100% fluid 975 [ rah
return, white 100% Lp
4 (N8) to light = 1
gray (N7) 3 8
Tight, irreg,
85 5 rgh, MnOx, sol'n
>
4" Tight, irreg, ay
o 1 [ rgh, MnOx
Tight, irreg,
1 2 | rgh
Open, irreg, L
83 rgh, MnOx
. 0
88 -
0
50% fluid
5 return &?2;3
] 11 Tight, irreg, | |
rgh, abund, blk
an MO X




oy, W

WELDON SPRING REMEDIAL ACTION PROJECT shot . 6w 7
Project Number:
MKE 5121
BOREHOLE LOG o
GTQ-2
Pvrx o . ) Location: ‘
eotechnical Investigation Phase Il Quarry Staging Area
COMMENTS 3‘ DISCONTINUITIES LITHOLOGY
TESTS/MONITORING . ] ‘ NTANON
INSTRUMENTATION ég’g g E5! MGHTNESS CASSHCATON HANDNESS
CORING RATE AND ER= 12 88 PLANARITY COLOR WEATHEPRED
B ool (MERERX o Bf mesmies %) G e
CONTAMINATION ¢ [OR(& § B4 Do
0 2 LIMESTONE, as above
- 0 -
PL ~
4 0 4
D 2- ]
. 0 .
D3 -
93,5
Run 3 average Run3 JERIk Tighﬁ, ;rreg, |
' un rgh, MnOx
6 min/ft 4.5 4.5 J
D4 N -
75% ﬂuz‘d )return, ° 96%
white (N8) to 1004
4 light gray (N7) LP 1y -
1.9
D 5- 5 -]
> ‘ o )
] ar |, | Tight, irreg., | 195.45-98.0 Numerous stylo-
373789 rgh, blac‘; lites with black (N2) MnOx 1
MnOx, sol'n, and dark gray (N4) hard clay
9 stylolitic (get fractures along). Also
less blebs and wavy stringers™]
and bands.
i 1 Tight, rough, ' N
MnOx, sol'n,
stylolitic,
P/ dark clav




WELDON SPRING REMEDIAL ACTION PROJECT

Sheet ./ o7

Geotechnical Investigation Phase 11

COMMENTS

TESTS/MONITORING
INSTRUMENTATION
CORING RATE AND
SMOOTHNESS
CORING FLUID LOSS
CONTAMINATION

‘ MKE 5121
BOREHOLE LOG o~
(TQ-2
Location: ‘
}7 Quarry Staging Area
DISCONTINUITIES UTHOLOGY
0, MINERALOGY CEMENTATION
NGHTNESS CLASSIFICATION HARDNESS

B oauL T
§ E%ﬁyGAnmume ALTERATION

RECOVERY (%)

CORE LOSS
ZONE

1
i

~y DEPTH

98.0

™ | BOX NUMBER

Tight, irreg,
rgh, black MnOx,
sol'n, stylo-
litic, thin dk

Pt e <oy

LIMESTONE, as above

T.D. @ 98.0' 4/3/89
Installed piezometer - see
attached completion record




WELDON SPRING SITE REMEDIAL ACTION PROJECT
WELL COMPLETION RECORD

(Piezometer)

WELL NUMBER GTQ-2 DATE INSTALLED 4/3/89

PMC REPRESENTATIVE _M: Schaver DRILLER __Hannibal - Tom Clay

TOP OF

PROTECTIVE CASING __N/A
’ SAS! Elev. 478.76" |

TOP OF CASING M — LOCKED-DATE N/A

SURF 3/8" Bentonige

T e A s L
SURFACE __Elev. 475, :

FACE i | TE-778TZ.98¢"
TOP OF /, | [*—— BOREHOLE DIAMETER __@ 78.8'
GROUT G.S. [ .

, -t CASING TYPE _TriLoc PVC
BOTTOM OF " /, n DIAMETER 2.0" 1.0., 2-3/8" o]0
’ . Ues - B
PROTECTIVE CASING ar | SREauTe AT —FTmsh
L | jointed, threaded
: !
n 1
| l'T——OUTER CASING TYPE _N/A___
BOTTOM OF | | | DIAMETER
OUTER CASING N/A i | .
TOP OF SEAL G.S. 4o———— GROUT TYPE 3/8" Bentonite Pellefs
TOP OF 0.0
FILTER PACK ' ls——— SEAL TYPE 3/8" Bentonite Pellets
TOP
OF SCREEN _(slots) 12.0' _
SCREEN TYPE [riloc PVC
CENTRALIZER VA DIAMETER 2.0'ID, 2-3/8"0D
DEPTHS / - :
SLOT size 0.010" machine-cut
. Schedule 40, flush-
BOTTOM : . , Jointed, threaded
OF SCREEN (slots) 31.0' -4s—— FILTER PACK TYPE _MB-30
Meramec
TOTAL DEPTH 98.0' - Warrior brand

silica sand

COMMENTS _All depths are below ground surface.
Top of screened pipe 11.5', bottom of screened pipe 31.5', bottom of

pointed tip 32.0°',

Borehole grouted with Volclay grout from 98.0' (T.D.)
caved 78.0' to 37.0', bentonite pellets 37.0" %5 3
D

ack.
PMC REPRESENTATIVE SIGNATURE%:/?A/W/’W ATE  4/3/89
arie Schauer |

to 78.0', hole

A3 0 ¥hon cand Filtoer
SeVy wilerr =GOV T3 UCT




WELDON SPRING REMEDIAL ACTION PROJECT

BOREHOLE LOG

Shot 1 o _6

Project Number.
Contract WP 117

Hole Number
G7Q-3

Project .
Geotechnical Investigation - Phase 11

Location: \
Quarry Staging Area

Coordingies:
h.7077.21, E.12758.67

Contractor.
Hannibal Testing Labs

Drilt Maks and Model:

Depth Top of Rock: & Size: Hole Size:
CME-55, H.S. Auger, 6-7/8", 35" 1.D. 88,0 /8 Tauger 88 [958, , g
il " |AnGle from Vert. and Bearing: Botiom of Hole:
460.86 g.s. vertical Doeen 88.0"
Water Level: 2/24 /89 [Fuid & Additives: Oaw Start: [0:20 Date Finsh: 11,00 r
12,3';2/23/89:¥23.p' clear water 2/22/89 2/24/89 A. Benfer .
' | SAMPLE STAXOARD SOIL DESCRIPTION
. TEST
‘ § ¥l | .« g | reun § Nama, Gradation or Plasticity, Particle Size Distribution,
g E?.E »5 z!‘;r' g PP g gomfétmwre Content, RalativeDonsityorConsistency,
[
| &35 | £ $3 g ™ ;§ ructure, Mineralogy, USCS Group Symbol
TT0Iss Py SILTY CLAY, med. plasticity, dark gray (10YR 4/1), 1
4 ,5]01 |8 6 moist, stiff (1.5) 1
475 ss 1-2-3 [} as above _ 4
) a0l 02 (11" g Pp=2.5, very stiff, grayish brown (10YR 5/2) |
5 | |
5.0 ST as above -
—~ 11" pp=1.0, med. stiff to stiff, CH |
4 5] 03 . |
_"71"‘5“55 1-2-3 as above, pp=2.0, stiff to very stiff, dark brown
50 12" £ ’ (10YR 4/3) with FeDx (7.5YR 4/6) strong brown 7
9.0[ ST o .
10 — 15" jj/
-1 05 4% Lr‘— — co 1073
s L5 VA cLaver siLt to siuTy cLav, 10w plasticity, thin sandy]
2/24/89| 2 / zones (very fine), mottled dark brown (10YR 4/3), andd
2 — e evers j strong brown (7.5YR 4/6) (FeOx), moist, stiff (1.25).
14.0 06 14‘! 6 ) ML'CL' 13.5
SILT, 25% very fine sand, grayish brown (2.5Y 5/2),
15 1 moist (wet from test), med. stiff (.75), thinly
15.0] ST laminated, 25% FeOx, ML 164
- 07 [29" :
CLAY, high plasticity, gray (5Y 5/1), moist,
-1 17'5 o ( 'b : . - / -
* %7 \Possibly wet), med. stiff to stiff /1.0). ch
7 %;5 S5 2-1-1 {/ Aas above, pps <.25, very soft, 25% fine rcunded .
J12.0] 08 2 /graveh 17.5-18.9", CL 3
20 / . . ‘
20.0f ST as above, pp=2.0 stiff to very stiff CH, possibly —
~ 08 | 29" /some gravel, tube tip slightly bent. ‘ -
*.___;22-5 _ﬂ/ .
25 ] 4 —



WELDON SPRING REMEDIAL ACTION P - , :
! ACTION PROJECT Sheat o
‘ Project Number:
BOREHOLE LOG , Contract WP 117
: Hole Number
o o GTQ-3 .
Geotechnical Investigation - Phase Ii Quarry Staging Area
SAMPLE ,:,T‘:;E;g“ _SOIL DESCRIPTION
¢ .
5 W ;v & R LT £  |Name, Gradation or Plasticity, Particle Size Distribution,
g§| 32| & sy %‘ e~ | @ |Color, Moisture Content, Relative Density or Consistency,
5 g% | ¥ |oF e N £ g | Soil Structure, Mineralogy, USCS Group Symbol
Gloan | 2 [F2 | ¥ w3
25 25.5] SS 3-5-5
4265 09 | O 10 Appears to be CH, no recovery -
1/ / - -
/55/88 —-22.5] SS 3-4-6 4/// as above, pp= 1.75 stiff, CH -
L 29.0] 10 g4
3 —T oSS I=7- -~
‘ ‘ 0 Appears to be CH, no recovery
131 5] 11 6 _
35 35.0] SB 3-3-0 35.0-36.0, as above, pp=0.75, medim stiff, CH ]
-136.5| 12 | 6" 12
_ : 136.0-36.5, SILT, 2t% very fine sand, nonplastic, dark
Jfloray (5Y 4/1), wet, medium stiff (0.75), ML -
40 40.0[ T3 .| 2T Alternating between CLAY, SILTY CLAY and FINE SANDY™—
415 14 6 SILT, predominantly CH. Medium stiff to stiff
_] (0.75 - 1.0) '
45 45.0] sS w1 2-3-7 as above, pp= 1.0-1.5A. slightly greener color. SM —
— 465 14 |18 10 in shoe, 40% silt. -
50 — . —
50.0{ SB . | 4-8-8 as above, pp= 1.5 stiff, CL, CH
18] 15 |27 | 16 -
[ 55 ——




WELDON SPRING REMEDIAL ACTION PROJECT
, - Sheot __3 o 6

Project Number:

. Hole Number .
GTQ-3
Progect ) Location;
Geotechnical Investigation - Phase Il Quarry Staging Area
SAMPLE %‘% SOIL DESCRIPTION

§ 8 g .« g | teur Name, Gradation or Plasticity, Particle Size Distribution,

z 38 | & og g POPOre Color, Moisture Content, Relative Density or Consistency,

! §§§ .';_* Eg o ™) Soil Structure, Mineralogy, USCS Group Symbol

[ < < x

60 60.0[ SS CH with 15% angular chert up to L

—61.50 16 |12 | 15

wun
(8]
|
¢ o SYMBOLIC
N\ ‘ LoG

i
N
AN

65 __|

N

68' auger refusal

T.D. 68.0' 11:20 2/23/89 switched to NQ core

- - *Constant Head Permeability Tests
NQ Wireline rods: 2.375" 1.D.

~ @11.5' take 128 0z/6-1/3 min.
@17.5' take 0 02/10 min.
@22.5' take 3.0 0z/10min




WELDON SPI {ING REMEDIAL ACTION PROJECT

Shoet 4 o6
Project Number:
Contract wpP 117

BOREHOLE LOG o
L GTQ-3
, . Location: .
Geotechnical Investigation - Phase Il Quarry Staging Area
COMMENTS 5 DISCONTINUITIES g LITHOLOGY
TESTS/MONITORING Sl B To DESCRIP 1S [ wiNeRaLOGY ENTATION
NS TR o, §<" a g Ye| narinees Mo 2 | e MCaON FARONESS
CORING RATE AND Eu(3 3| PLANARITY COOR WEATHERED
SMOOTHNESS Wz SMOOTHNESS GRAIN SIZE STATE
g CORING FLUID LOSS g§ gs* 8 |ZE| ALUNG, STAINING ALTERATION
CONTAMINATION R|8| € |ER| onienwirion -
4 N
68 | Begin Core 68.0 _
10.0] 011 68.0-69.1' Timestane, pale
2% mins/ft. e Fragments yellowish brown (10YR 6/2),
| 10.0 4 |open %", rough fine grained, slight weatheri
o ‘ o 8‘ " " " t ce fO .-]s
75% water return [100¢ lF’% minor staining ra $81
69 ' smooth, open l/lEZ:
3 mins/ft. NQ-1 87% fragmgnted B, 69.1-80.2' 1imestone
- rou " pale yellowish brown (10YR
1 75% veturn L ¢ | roush, open 1/8" | &%5y “yiahly marbled with
. .8 dusky brown (5YR 2/2)
70 which appears to be carbonaceq):
non calcareous ‘
6 mins/ft. 1 | rough, open 3" "W
75% return Marbled texture is generally |
wavy and 1/8" to %" thick
71 spaced about %" -
5 mins/ft.
- stylolites, 71.6'stylclites i
75% return tight W Rock Quality throughout run
72 from 69.1 good. Very slight
weathering, hard. 72.7' = o
2-3/4 mins ) sty1o11fce. '
- Thought to be Kimmswick Fm., -
75% return fossiliferous throughout
73 -
-3 i
2-3/4 mins 0
759 hairline, mech, } ..
74 R

ey



WELDON SPRING REMEDIAL ACTION PROJECT Shost 4 o 6
' ; W 117
ontract W
BOREHOLE LOG —
GTQ-3
d Location:
Geotechnical Investigation - Phase 11 Quarry Staging Area
COMMENTS 7l e DISCONTINUITIES UTHOLOGY
TESTS/MONITORING g ¥ ] DESCRIP § MINERALOGY CEMENTATION
INSTRUMENTATION §<¢ 4 6| NGHTNESS CLASSIFICATION HARDNESS
CORING RATE AND 5-: 5 § PLANARITY COLOR WEATHERED
SMOOTHNESS SMOOTHNESS GRAIN SIZE SWTE
g CORING FLUID LOSS sé g% 5 § €| FILLING, STAINING ALTERATION
CONTAMINATION 38|83 &| oRIENTATION .
ﬂ —
68 | Begin Core 68.0 .
10.0] 0|1 68,0-69.1' Timestone, pale
- —— Fragments 1lowish b (10YR 6
2% mins/ft. N yellowish brown /2),
1 ns/ 10.0 4 |open %", rough ™ ¥ine grained, slight weatheri]
o o 8.7 oo ! trace fossil
75% water return |100% =5 minor staining ils
69 smooth, open 1/1p*
\.: -
3 mins/ft. NQ-1 87: fragmented %", | _169.1-80.2' 1imestone
. Lp= |2 oo h open 1/8" pale yellowish brown (10YR .
75% return 1 o gn, op 6/2), highly marbled with
, .8 dusky brown (5YR 2/2)
70 which appears to be carbonaceg]
non calcareous
6 mins/ft. 1 | rough, open %" [
75% return Marbled texture is generally i
wavy and 1/8" to %" thick
71 spaced about %" —
5 mins/ft.
1
. stylolites, 71.6'sty1011‘tes 4
75% return tight M Rock Quality throughout run
79 from 69.1 good. Very slight
weathering, hard. 72.7'
- Thought to be Kimmswick fm., -
75% return fossiliferous throughout
73 ol
-3/4 mi
2-3/4 mins 0
- -
759 hairline, mech.
74

)

-




WELDON SPRING REMEDIAL ACTION PROJECT Sheot 5 o6
' Tontrace WP 117
ontrac
BOREHOLE LOG -
6GTQ-3
Location:
Geotechnical Investigation - Phase ]! Quarry Stagirg Area
COMMENTS - DISCONTINUITIES LUTHOLOGY
TESTS/MONITORING gf'r ] DESCRIPTION § MINERALOGY CEMENTATION
INSTRUMENTATION § § ‘ 5| TGHTNESS CLASSIFICATION HARDNESS
CORING RATE AND = 8| PLANARTY COLOR WEATHERED
SMOOTHNESS L] SMOOTHNESS GRAIN SIZE
§ CORING FLUID LOSS §§§ §§§ § E| FILLING, STAINING § ALTERATION
CONTAMINATION SE|0R E&| oreNTTION
/4 | 3 mins/ft Q-11 2
con' 4 0
50% return 74.9'Stylolites
5
3% mins
0
50%
6
3 mins ‘ 76.2'Stylolites
0} tight, mech. 1
50%
g7
35 mins
0
17 175
50% -
2/23 b8 78.4 2 Fairline, mech 5
2/24 2% mins INQ-2 9.7
10.01 0
9.8
7 10.0
= 5% return 98 974
3 mins/ft Lp=
4,3'10
75%
RO
3-3/4 80.2-88.0' Limastone, fresh,
s1ight weathering, hard, palc
0 yellowish trown (10YR 6/2) wi
- dusky brown (5Y 2/2) carbonac
5% residue spaced inches apart a
B1 stylolites.

80./-81.0 several styiolites



WELDON SPRING REMEDIAL ACTION PROJECT et 6o b
3 t Wp 117
ontrac
BOREHOLE LOG =
6TQ-3
Geotechnical Investigation - Phase 11 Quarry Staging Area
COMMENTS 3 OISCONTINUIMES LITHOLOGY
TESTS/MONITORING £ e DESCRIPTION MiNERALOGY CEMENTAYON
INSTRUMENTATION §‘z§ 25| TGHTNESS CLASSIFICATION HARDNESS
CORING RATE AND zu (S 8| PLANARITY COLOR WEATHERED
£ | ~SMOOTHNESS gg < Ll SMOOTHNESS GRAN SIZE STATE
§ CORING FLUID LOSS & §§ S E| FLLING, STAINING ALTERATION
CONTAMINATION YE [OR B! oRIENTRNON
1 4-3/4 mins ;gk?; ! additional stylolites spaced
(reduced RPMS) a few inches apart to 88.0
75%
B2 -
5% mins
stylolite, tightpwm
75%
B3 _
6 mins/ft.
75%
34 _
5-3/4 mins
tight
75%
85
85,25-85.45 water loss zone
5L mins 84 .21
1+{fragmented
1 25 return 8.4 ’
at 85.5'
Be -
4-3/4 mins
25%
2 —
4 mins
25%
£8

T,D. 88.0' 11:00 2/24/89 ===
Piezometer installed
See attached completion recor¢



WELDON SPRING SITE REMEDIAL ACTION PROJECT

WELL COMPLETION RECORD (PIEZOMETER)

WELL NUMBER__GTQ-3 DATE INSTALLED _ 2/24/89
PMC REPRESENTATIVE A. Benfer DRILLER __Hannibal, Tom Clay
TOP OF
PROTECTIVE CASING None
i -~ 2.6' stickup ,
SURFACE SEAL TYPE
GROUND 460.86" i
SURFACE - - 5 HICKNESS
TOP OF _ /, | j=—— BOREHOLE DIAMETER 6-7/8"
GB-OU—I benton?te - G.S. | Tri LBC threaded
BOTTOM OF | ~ CASING TYPE Ve
| . 1]
PROTECTIVE CASING __None /, | DIAMETER __2.0
P |
z |
| |
l :"‘—" OUTER CASING TYPE __None
BOTTOM OF } | DIAMETER
QUTER CASING None —~ |
%ggnOF SEAL 8.0' 4o————— GROUT TYPE Bentonite Pellets
TOP OF \y
FILTER PACK 8.0 SEAL TYPE Bentonite Pellets
TOP -
10.0
OF SCREEN _— Machine cut
- SCREEN TYPE Pve
gg?:SQL'ZER None DIAMETER 2.0"
SLOT SIZE 0.020"
BOTTOM . .
WB-30 sand
OF SCREEN 29.0 <4s———— FILTER PACK TYPE WB-30 sand
ToTAL DEPTH ___88.C -

COMMENTS A1l measurements below ground surface. Hole diameter 68.0-88.0 is 2.9C".

Backfilled hole from 88.0-30.0 with WB-30 sand. Piezometer abandoned and grouted 4/19/89

PMC REPRESENTATIVE SIGNATURQ/Z&:‘U g‘ﬂ)‘é""mre 2/24/89
J. Alan Benfer 7




WELDON SPRING SITE REMEDIAL ACTION PROJECT
BOREHOLE LOG

Sreot 1 o3

Number:
Contract WP 117

Hole Number
GTQ-4
Project :
Geotechnical Investigation - Phase 11 Quarry Staging Area
Coordirmtes Contractor.
N.7562.43, £.12759.90 Hannibal Testing Laboratories
Drdl Mase and Model: CME 55 (truck- mounted), Depth Top of Rock: Depth Casing & Szo. Hole Size
Hollow Stem Auger 6-7/8"0.D., 3%"I1.D. 77.0' 77.0';6-7/8"Auydr 6-7/8"
Elevaton. Angie from VerL and Bearing: Depth Botiom of Hole:
479.20 TOC; 476.12 g.s. Vertical 77.0'
Waier Lovel: Fluid & Additves: Date Start Date Finish: Logger
None 3/9/89 3/10/89 M. Schauer
SAMPLE STANGAPD SOL DESCRIPTION
TEST
8| w| #| | & == 1 2 |Name, Gradation or Plasticity, Particle Size Distribution,
3 Egg g z;,g g e-4'¢" | § |Color, Moisture C:_?ntenl. Relative Density or Consistency,
g §§a g Si’ § ™ gg Soil Structure, Mineralogy, USCS Group Symbol
~2.5 | SS |y3. |4-10-10 SILT, medium brown (7.5YR 5/4), nonplastic, moist,
4.0 01 (20) stiff, ML.
1] , 4.5
5 ‘ ave . —
5.0 ST % /CLAYEY SILT, mottled orangish brown (5YR 5/6)(Fe0x)
= 02 51 1 {1 | to grayish brown (10YR 5/2), nonplastic to low -
475 {'| {|plasticity, dry, stiff, ML. Didn't keep sample -- . _|
7' 3 T 4/‘ 1 too short,
= 03 16" Zlé) ,V‘/ as above, to dark grayish brown (10YR 4/2), moist, -J
9.0 1] {]stiff to very stiff, i
vapa
10 10.0 | ST || | SANDY SILT, medium gray (N5), nonplastic, moist, med ]
~ 04 23 Jfstiff (firm) to stiff, fine sand, ML. 4
- ;12.5 . 12_5—1
42.5 [ S5 fyqu [2-4-5 CLAYEY SILT - SILTY CLAY, medi (N5), low to
17 , wedium gray , Tow to
4.0 | 05 (9) /:’*( medium plasticity, moist, medium stiff (firm) to |
5 ’P stiff, with trace FeOx, ML-CL.
5.0 | ST /{) SILTY CLAY, greenish gray (5G 5/1), medium to high ~ |
— 06 | 16" /}/ plasticity, moist, stiff, CH. -
R 7.5 } . _ .
A7 51 ss L 12-3-4 | SILTY CLAY, greenish gray (56 5/1), medium plasticity]
9.0 07|18 (7) moist, medium stiff (firm), CL-CH. o5
20 "f| SANDY CLAYEY SILT, greenish gray (56 5/1), low —_
_20~0 ST A plasticity, moist, soft to medium stiff (firm), fine
08 | 24" A to medium sand, ML. B
. _R2.5 ’ : 22.5
L22.5| 5SS . 2-2-3 SILTY CLAY, mottled orangish brown (5YR 5/6)(Fe0x) to
pg .0 | 0918 (5) A grayish brown (10YR 5/2) to medium gray (N5), medium
11 to high plasticity, moist, stiff, with trace fine ]
25 — subangular chert gravel in shoe, max. size 3/4", with

a tew thin Tenses of medium sand, CH.



WELDON SPRING SITE REMEDIAL ACTION PROJECT

Sheet 2 0!73 )}

Project Number:
BOREHOLE LOG Contract WP 117 |
Hole Number J
GTQ-4 {
Projact Location:
Geotechnical Investigation - Phase II on Quarry Staging Area \‘
SAMPLE elNOARG SOIL DESCRIPTION &
YESY
§ wl & o | E AT 9 |Name, Gradation or Plasticity, Particle Size Distribution, '
g E§£ é gg g €68 go g:oc Moisture Content, Relative Density or Consistency, [
d|BE3 | % $3 g N) 28 | Structure, Mineralogy, USCS Group Symbol |
0y |
25 |25.0 %g 18" | 2:1-2 o P4 SILTY CLAY, mottled orangish brown (5YR 5/6) (FeOx) td.
26.5 _(3) /e grayish brown (10YR 5/2) to med. gray (N5), med. to -
- y/l:high plasticity, wet, med. stiff (firm) to stiff, witf
BEYRIABSY 1-7- /‘/ 4some fine to coarse subangular to subrounded chert ang
290l 11 | 18" (5) } |41imestone gravel, max. size 14", with some med. to -
/f/ Acoarse sand, CH. 4
30 CLAYEY SILT-SILTY CLAY, greenish gray (5G 5/1) to bluf:
30.0] ST gray (5B 5/1), lTow to med. plasticity, wet, stiff, — |,
- 12 30" ML-CL. -
- 32.5 . SILTY CLAY, greenish gray (56 5/1) to bluish gray
(58 5/1), med. to high plasticity, wet, med. stiff
m (firm), CH. .
= / Driller reported a little gravel @ 34.5, i
35 ’
35.0 S5 I-2- / SILTY CLAY, as above. ]
36,5 13 | 18" (5) . i
3/10/B9 / -
j }/ 38.0
<% ./
40 y% -
40.40 ST |4 SANDY CLAYEY SILT, dark greenish gray (5G 4/1), non-
n 14 | 30¢ ./)" plastic to low plasticity, wet, medium stiff (firm),—
- 42.5 1A . fine sand, ML.
. Y 4% -
— °/o /] -
AV
- / -
45 Ab L .
45.4 55 4-4-7 |'Kf-{} SANDY CLAYEY SILT-SILTY SAND, dark greenish gray —
-1 46.5 18" | (11) [a:=T| (56 4/1), low plasticity, wet, stiff-med. dense, fine
_ ; ‘I V1A sand, ML-SM.
_ g -
0 ¥ |
50.4 ST CLAVEY SILT-SILTY CLAY, dark greenish gray (5G 4/1Y7
g 16 | 30 low to medium plasticity, wet, stiff, ML-CL-CH, ' -
52.5 —
L ]




WELDON SPRING SITE REMEDIAL ACTION PROJECT
BOREHOLE LOG

st 3o 3

Progect Numbe
Contragt WP 117

Hoka Number
GTQ-4
Project. Location;
Geotechnical Investigation - Phase Il Quarry Staging Area
SAMPLE poANOARD \ SO DESCRIPTION
TESY
§ 8| g « | & [(=SAm | © |Name, Gradation or Plasticity, Particie Size Distribution,
ZES | % |25 | £ | ¢4 | § |Color, Moisture Content, Relative Density or Consistency,
5 §§§ ;‘ 25 o N) g2 | Soil Structure, Minera'agy, USCS Group Symbo!
Z € ®a
55 p5.0 0SS Lo | 1535 J,/J SANDY CLAYEY SILT-SILTY SAND, dark greenish gray
—$6.5 |17 (e) I |G 4/1), Tow plasticity, wet, medium stiff (firm) tod
. )k 1jstiff - med. dense, fine sand, with one very small |
fl 4clam shell, ML-SM, 58 0
i SRS SILTY CLAY, dark greenish gray (56 4/1) to dark bluts)
— 18 . gray (5B 4/1), med. to high plasticity, wet, stiff, |
45 ¢ 23 with white (N8) soft specks (weathered shells?), CH.
65 / ' .
i Y SILTY CLAY, dark greensih 5G 4/1) to dark bluteh
_Eg g ?3 18" 3(9)5 gray (5B 4/1), med. to hig {astlmty, wet, stiff to
. very stiff, CH. 67.0
] A oriller reported gravel starting @ 67.0.
7 ;Eg 5 -
70 GRAVELLY SILTY CLAY, dark greenish gray (5G 4/1) to—
q?D.O 55 | 1gn | 4-10-28 ”P dark bluish gray (5B 4/1), med. to high plasticity,
1.5 | 20 (38) 9
- : A wet, very stiff to hard, fine to coarse angular to
~ subrounded white (N8) to tan (7.5 YR 7/4) chert and
14 1imestone gravel, max. size 1%", CH. 73_0
§ e lo74
75—15 4{5 SILTY CLAYEY GRAVEL, dark greenish ra (56 4/1) to—
7318 ;j 7" IIIEBL ﬁ dark bluish gray SB 4/ ), med. to plasti 1) Ly,
77 .0 wet very ERsS coarse an ular wh1 ' ZN )]
: (4 #] to tan 1ay'¢ er gravel, max. size 1"GC. 77.p
B i Auger refusa] 8 77.0'
T.D. @ 77.0" 3/10/89 -
80— Installed piezometer, see attached zompletion rﬂcordﬁ
- *Constant Head Permeability Tests .
B NQ wireline rods: 2.375" 1.D., stickup 2.5'
; .
_ @12.5' take 1 0z/10 min.
- 017.5"' take % 0z/10 min. N
— , @22.5' take 2 0z/10 min. —




WELDON SPRING SITE REMEDIAL ACTION PROJECT

WEUX COMPLETION RECORD (PIEZOMETER)

WELL NUMBER_GTQ - 4 DATE INSTALLED 3/13/89
PMC REPRESENTATIVE _Alan Benfer DRILLER Hannibal, Tom Clay
TOP OF

PROTECTIVE CASING None

' S +3,3' Sti | |
TOP OF CASING$3.3' Stickup o LOCKED-DATE ___ None
' SURFACE SE Bentonit
GROUND . SEAL TYPE nite
SURFACE __476.12 THICKNESS
TOP OF /'. ‘,"-—-—- BOREHOLE DIAMETER 6 7/8"
GROUF __ Bentonite - G.S. I Triloc threaded —
| ot CASING TYPE PVC
BOTTOM OF /, ' > 0"
PROTECTIVE CASING _None | : DIAMETER :
B |- |
| |
| !
' L-——— OUTER CASING TYPE. None
BOTTOM OF None : | DIAMETER
OUTER CASING _ ;
TOP OF SEAL 6.S. 4e——— GROUT TYPE None
TOP OF 14.0' \ Bentonite pellets
TOP
17.5'
OF SCREEN ] ‘ Tri Loc machine
- SCREEN TYPE cut
GENTRALIZER None DIAMETER 2,0"
DEPTHS YT
\ SLOT SIZE -
BOTTOM _ | | .
02 SCREEN 36.5° S FILTER PACK TYPE H8-35 Sand
TOTAL DEPTH 77.0 _,J ]

COMMENTS _Hole allowed to cave 77.0' to 44.0'. Placed bentonite pellets 44.0' to
40.0'. Placed sand 40.0 to 37.5. Piezo. tip at 37.5', A1l depths from ground surface.

PMC REPRESENTATIVE SIGNATURQ %AI 2 DATE _3/33/89

J. Alan Benfee?




WELDON SPRING SITE REMEDIAL ACTION PROJECT Sheat o 7
‘ ‘ Project Number.
BOREHOLE LOG Contract WP 117
‘ " [Hole Number
GTQ-5
Project o Location: ‘
Geotechnical Investigation - Phase 11 Quarry Staging Area
Coordinates: Driling Contractor:
N.7471.32, E£.12832.31 Hannibal Testing Laboratories
.MMWMI CME-55; Hollow stem auger, Depth Top of Rock: Depth Casing & Size: Hole Size
6-7/8" 0.0, 3-1/4" 1.D./NQ Wireline Care 90.0' 0.0';6-7/8"auger 6-7/8"/2.98"
Elevauon: Angle from Ver, and Beanng: Depth Botiom of Hole:
| _4:7,22' g.5. Vertical 110.0'
Waler Level: Fiad & Additives: Date Start: Date Finigh: . Logger
25.3'b.g.s. 3/8/8B None/Water 3/1/89 3/7/89 M. Schauer
SAMPLE SANDAND SOIL DESCRIPTION
TEsT ‘
§ wl g e | B |-8ATs | © |Name, Gradation or Plasticity, Particle Size Distribution,
P | = | uB g 66 -6" § Color, Moisture Content, Relative Density or Consistency,
g age | ¥ 3 o N) 0 Soil Structure, Mineralogy, USCS Group Symbol
o 883 £ -z a nJ
_ f Driller reported gravel 0.0-1.0 FILL
_ SILTY CLAY, greenish gray (5G 5/1), low to medium
_ plastic, moist, med. stiff (firm) to stiff, w/ trace
125 [ S |1 2-2-4 [,/ 0fine angular white (N8) to tan (7.5YR 7/4) limestone o
4.0 | 01 [13 (6) ///gravcﬂ up to %", w/ trace organics-plant roots, CLé _
5 FICLAYEY SILT, SILTY CLAY AND CLAY, mottied 1t. gray —
PposT ) /Z(N?) to greenish gray (56 5/1) to yellowish brown
0z.] 28 A (10YR 5/6), nonplastic to high plasticity, dry to
- limoist, med. stiff (firm) to stiff, with FeOx with MnOx
7.5 17
7% 3 2-10-14 blebs, ML/CL/CH
T3 o " (24) |4 MYICLAVEY SILT, greenish gray (56 5/1), nonplastic to low
0 103 112 =211 AP asticity, dry to moist, nonplastic to low plasticity
1o L{fstiff, with some FeOx, with trace MnOx blebs, ML lﬂ.d
0.0 5T /JSTLTY CLAY to CLAY, greenish gray (56 5/1), medium to
n 04 ) high plasticity, moist, stiff, with FeOx, with trace -
i 23 Mn0x blebs, CL-CH
w125 =
J12.57 s 18" 32435 -
14.01 05 9
i 14.57]
15—15 i CLAYEY SILT, greenish gray (56 5/1), non plastic to—-
_ 06 Tow plasticity, dry to moist, medium stiff (firm) to _
30" stitff, with trace fine sand, with FeOx, with trace
L J17.5 | - nOx blebs, ML. -
417,51 55 3.5.7 CLAYEY SILT-SILTY CLAY, greenish gray (5G 5/1), low |
190 07 18" (12) )Aplasticity, moist, medium stiff (tirm) to stiff, with
: some FeQOx, ML-CL. -
20700 T CLAYEY SILT, greenish gray (56 5/1) to brownish gray—]
- 08 | 25" (10YR 5/1), nonplastic to low plasticity, moist, soft
] to medium stiff (firm), with abundant FeOx, with Mn0x M
225 JCLAYEY SILT, as above, soft to medium stiff (firm)
“22“’ SS 18|| 1'2‘3 r e f- d —
09 (5) |4 |some fine sand.
24.0 _
25— YA ]

L.



WELDON SPRING SITE REMEDIAL ACTION PROJECT Sheet 2 of 7
‘ ‘ Project Number
BOREHOLE LOG : Contract WP 117
Hole Number
GTQ-5
Prosect: ) Location:
Geotechnical Investigation - Phase 11 Quarry Staging Area
SAMPLE ,:g'gisﬂ*g“ SOIL DESCRIPTION
§ wl 2 « g MEAT_1 8 |Name, Gradation or Plasticity, Particle Size Distribution,
§ 3 34 é - § 664" § Color, Moisture Content, Relative Density or Consistency,
o g g% £ s; g ) s Soil Structure, Mineralogy, USCS Group Symbol
N 4 25.0| ST " +|Interbedded silty sand, sandy silty clay, and s11ty
T 10 | e I"clay 24.5-58.0, .
157 & SILTY SAND, dark greenish gray (5G 4/1), nonplastic, _
27‘, S 1-3-3 moist, 1oose fine sand, SM.
—27.5| S ) 1= ASANDY SIETY LAY, Cdark greenish gray (56 4/1) to dark_
9.0/ 11 { 16" (7) '.1/4b1u1sh gray (5B 4/1), Tow to medium plasticity, moist,
" Sl medium stiff (firm) to stiff, fine sand, CL-CH. T
‘ 30.0( ST ) T“'k SILTY SAND, dark greenish gray (56 4/1) to dark bluish
— 12 | 30 11" |gray (5B 4/1), low plasticity, moist, loose to medium
_ .+ |dense, fine sand, with trace fow to medium p1ast1c1tyJ
L L132.5 1'c ay, SM
33/2/%9 ,‘~1, -
] ;}K) -
B5 — ot ST /|SANDY SILTY CLAY, dark greenish gray (56 4/1) to dark-

“Ibluish gray (5B 4/1), medium plasticity, wet, medium
stiff (firm) to stiff, fine sand, with silty sand lensge
“I(1ayered 1ight to dark, medium dense, fine to medium 5Ta\
CL-CH, Driller reported sand flowing up inside augers

. 7136.5] 13 | 18"} (26)

4
l 36.5-55.0. Cleaned out with water before sampling.

- | _ i

0 TR e q"r SILTY SAND, dark greenish gray (5G 4/1) to dark bluish

e f4 6" -(il) | | I"|gray (5B 4/1), low to medium plasticity, wet, loose ta

41.5 ““I". Imedium dense, fine to medium sand, with trace low to -]

- . { {medium plasticity clay, SM. -

1 »—L 43,0

i A -

5 25 0| S8 1-1-7 o SILTY SAND-SILTY CLAY, dark greenish gray (5G 4/1) to
- 46.5 15 118" (3) /" |dark bluish gray ‘58 4/1), low to medium plasticity,

: l | wet, loose-soft, fine to medium sand, SM-CL-CH, 7

i | A 480

] -

b0 50,0l S A 1 SILTY CLAY, dark greenish gray (5G 4/1) to dark bluisy

A7 16 | 18" (9) ‘Y1gray (5B 4/1), low to medium plasticity, wet, stiff tg

1.5 ‘A lvery stiff, with trace fine sand, CL-CH. ]

- 53.0

b5  —

—
—ared

v w o it : ' [



WELDON SPRING SITE REMEDIAL ACTION PROJECT Sheet 3 of 7
‘ Project Number
BOREHOLE LOG Contract WP 117
Mole Number
GTQ-5
Project: Location: ‘ .
Geotechnical Investigation - Phase I1 Quarry Staging Area
SAMPLE PeneTOARD o SOIL DESCRIPTION
TEST .
8 8| g | o| & [resun Name, Gradation or Plasticity, Particle Size Distribution,
'5‘ xE< H wE | 23 | s Cotor, Moisture Content, Relative Density or Consistency,
) §§§ 'é‘ 2; § ™) sg Soil Structure, Mineralogy, USCS Group Symbol
b5  K5.0 sS 3-4-5 ¥ AISANDY SILTY CLAY, dark greenish gray (56 4/1) to dark
B6.5 117 18" | (9) Z X bluish gray (58 4/1), low to medium plasticity, wet,
- -A/-.ﬁstiff to very stiff, fine sand, with trace organics -._
_ é;‘_,ﬂant stems, CL-CH, _ £8.0
1
- 4 —
50 N
60.01 <7 A [CLAYEY SILT, dark greenish gray (56 4/1), Yow to ]
4 1 18 ) Ayl fredium plasticity, wet, medium stiff (firm) to stiff
29 //with organics, with white (N8) soft specks (weathered
-62.5 Ll [shells?), ML-MH. 7]
- //// -
I %_{/ | 64.0
S [ SILTY CLAY, dark greenish gray (56 4/1) to dark bluish
65.0 5 | a-5-% gray (5B 4/1), medium to high plasticity, wet, stiff
766.5 | 19 18 (11) to very stiff, with trace white (N8) soft specks ~
_ (weathered shells?), CH. . |
— Driller reported gravelly, hard drilling starting -
667.0, -
L y No sample @ 70.0 due to clay up inside augers,
75 | %No sample ©75.0 due to clay up inside augers, ]
B0 BT 177 /4 SILTY CLAY, as above, stiff to hard, with fine -
4 20 | 14" 5E4 =23 ] angular white (N8) to light brown (7.5YR 6/4) chert _
2) 1'; gravel in shoe, max size 3/4", CH. -
B35




WELDON SPRING REMEDIAL ACTION PROJECT

Shee! 4 of 7
‘ Project Nurriber:
BOREHOLE LOG . ] Contract wp 117
Hole Number
GTQ-5
Proyect: . ~ jLocation:
Geotechnical Investigation - Phase 1] Quarry Staging Area
SAMPLE ’3:';:3‘:& SOIL DESCRIPTION
H
g 4| & « E M 2 IName, Gradation or Plasticity, Particle Size Distribution,
'é EEx | z |4 & | ¢-6-6- | @ |Color, Moisture Content, Relative Density or Consistency,
& gg‘é g Eé § N ;g Soil Structure, Mineralogy, USCS Group Symbol
85 [85.0] sS 100 | 42/12" SILTY CLAY, as above, soft to firm, max gravel size
e sl (1) 1.5" - stuck in shoe, CH ~
50 —190.0 % 90.0
~ Auger refusal ©90.0', _
_ Switched to NQ wireline core
=] *Constant Head Permeability Tests —
- NQ wireline rods 2.375" 1.D.; 2.5 stickup _
7 €l2.5' take 0 oz/ 10 min. ~
i €17.5' take 1.0 02/10 min. ]
— €22.5' take 9.0 0z/10 min. ]
7 @32.5' take 9.0 oz/10min. ~




WELDON SPRING SITE REMEDIAL ACTION PROJECT

Sheet ___ 5 o 7

96

Project Number.
BOREHOLE LOG Contract WP 117
Hole Number
GTQ-5
: . Locawon:
Geotechnical Investigation - Phase 11 Quarry Staging Area
COMMENTS 5 DISCHONTINUITIES o LITHOLOGY
=] [ 4
TESTS/MONITORING Zy 0 |w v DESCR Q
INSTRUMENTATION 5;5 2 (g el norNESs 2 CLASSFIRTION HARDNESS
T CORING RATE AND B2 - 15 28 PLANARITY ¥ | COLOR WEATHERED
N cosxsg?:sﬁ)s&ss gO0 Wyl 8 Qs gluqomwsss & | GRAINSIZE STAE
& | CONTAMINATION BY% 198|3 2 IF¥| oReNtmON 8 o
89
90 90.0 pC.p Started coring 90.0'
3/3/89 LIMESTONE, buff (7.5YR 8/4) to
R“g ;iz\;igage NQ-1 1 %___2" light gray (N7), fine grained
J100¢ F1uig 5.7 0 crystalline, moderately hard,
rety “]. h 7.0 74% fresh, with large blebs of
urn, light L .P. hi
brownish aqra Bl% z white (..., chert and tan
91 |- rey 2.9 (7.5YR 7/3) hard clay. Thickl
(}‘QIR %'/‘é) to 2 Irreqular, rough| |bedded to massive. Medium to
white i N L] widely fractured (spacing 1.5'
- P1.B | 4|2 | Open, rough to 3'), some closely fractured
| - (spacing 24" to 6").
97 Tight, rough |
™~
- 1 Possibly PLATTIN FM. -
93 —
R 1 [Tight, rough — 7
94 ]
-l 0 o
95 - -
0
4 -




WELDON SPRING SITE REMEDIAL ACTION PROJECT Shot 6 o 7
Nurmber.
BOREHOLE LOG Contract WP 117
. Hole Number
GTQ-5
Propct: Location:
Geotechnical Investigation - Phase 1l Quarry Staging Area
COMMENTS oF . DISCONTINUITIES g UTHOLOGY
7]
INSTROMENTTION 2318 18| £ rofnes ot | o | SNERMOSY, SN
x | CORNGRaTEAND | EEY |S |5 |38 pLanaRmY 2 | coor WEATHERED
P | MR (BEE EYZ o o ook, |8 QM  TeR
8 | conammanon | BU¥ 1R8] € T oRENmnon e ]
96 Q-1 1
con 't sl
j Tight, rough ERock has FeOx stain 96,5-97.0.
‘ jlLarge vug with crinoid fossils
Y
97 0 Open, rough ,Fe0x 9.5 - 96.7. 97 0
T N- PR fpysh €1ey [ |
5”;1.”/::”?88% 10 8'2 1(9.9 LIMESTONE, same as above,
fluid ret‘urn TO_G 10. _lexcept: thinly to medium beddec
- T 110, 2|y with some dark gray (N4) to
1t. brownish 100% 99% Tight, rough, Mn@x gray
gray (10YR 5/1) stylolitic, black (N2) MnOx and hard clay
. |to white (N8) L.P solution, (3) stringers. _
Q8 A Medium fractured (spacing 8" =
1.2 to 1.25'), occasionally closely
? fractured (4" to 6").
- 12 iP"""Occ:asionaﬂ stylolites. )
b
99 A - -
] possibly PLATTIN FM.
Tight, smooth
100- MnOx and 1-1/16" -
to 1/8" thick
] |hard clay (2)
= 190{6
% m
101 -
4 1
Tight, smooth ~
| 107 __|black MnOx and B ]
02 thin hard clay (2
——
. 1 1
103 i




WELDON SPRING SITE REMEDIAL ACTION PROJECT Sheet 7 o 7
‘ Project Number.
BOREHOLE LOG Contract WP 117
. Mole Number
GTQ-5
Proyect: Locaton: .
eotechnical Investigation - Phase Il Quarry Staging Area
COMMENTS F . DISCONTINUITIES g LTHOLOGY
TESTS//AONITORING | , Z 5 |00 |W 4] DESCRIPTION MINERALOGY CEMENTATION
< 7, o W d
N W “
E CORING FLUID LOSS gga 3|5l 8 5«: gmUOS(T‘:Hg‘rEASISING S 23‘{&’,3%5“ STIE
& | ConTamiNaTiON o2z [oR|8| € [E¥ omiENTATION 3
103 M-z 112 LIMESTONE, as above
n 1 Tight, rough A B
MnOx,1/8" clay,
Toliti
104 stylolitic |
i ’6 ~

Rough, spun,
mechanical

105 —— Rubble —
Rough, vuggy

7 Open,rough,vuggy .
106 57755 ] ]
Open,rough,vuggy p—
- 1 4
107.0 .
107 . Open,rough,thin |
Run 3 average [ NQ-3 212.7 clay coati
s min/ft, 100%] 3.0 [ | 55 (07 ¢ "p
fluid return, | 3.0 1 .
W light brownish 90%
gray (10YR5/1)
108l to white (Ng) |100% L.P Tight,rough,black ]
- MnOx,slight
1.0 solution
) Tight,rough,black
4" MnOx, solution, [ |
109 | [slight stylolitik _
Open,rough,black
MnOx,thin clay,
4 L ls1ight stylolitif i
110 110.0 Smooth, prob.
mechanical T.0. €110.07 377789 Tnstalle

piezometer-see attached completion
record.



WELDON SPRING SITE REMEDIAL ACTION PROJECT

-WELL COMPLETION RECORD (PIEZOMETER)

WELL NUMBER_ GTQ-5 : DATE INSTALLED 3/8/89

PMC REPRESENTATIVE _M. Schauer DRILLER __Hannibal - T. Clay
TOP OF PIEZOMETER MODIFIED, SEE FOLLOWING RECORD

PROTECTIVE CASING _N/A

Schedule 40, flush-
jointed, threaded

) S 42,0 stick-u -
TOP OF CASING ck-up 1 LOCKED-DATE N/A
| SURFACE SEAL TYPE 3/8"Bentonit:
SURFAG 47722 THICKNESS ___ - - °
SURFACE ' " 6-7/8"72.98t
TOP OF . i | j=—— BOREHOLE DIAMETER ©90.0"
GROUT 0.0 | | . —_—
' BOTTOM OF =+ CASING TYPE _Iri Loc PVC
PROTECTIVE CASING _N/A / : DIAMETER 2.0"1.D., 2-3/8"0.D"
[
[
[

'l-.»-__.oursn CASING TYPE _NA

hatd il

BOTTOM OF | DIAMETER

OUTER CASING N/A |

TOP OF SEAL 0.0' <a——-— GROUT TYPE 3/8"Bentonite Pelle
TOP OF

FILTER PACK 11.0° - SEAL TYPE 3/8"Bentonite Pellets
TOP

OF SCREEN _{slots) 15.0' _

CENTRALIZER N/A DIAMETERZ2.0"1.D.,2-3/8"0.D.
DEPTHS SLOT si1ze0.010"machine-cut
. Schedule 42 flush-
BOTTOM - - Jointed, threaded
OF SCREEN _(slots) 34.0' >1"'—— FILTER PACK T:;Em;ue_m___
d
TOTAL DEPTH 110,0° -l %‘???é?"s?;ﬁ“

coMMENTs A1l depths are below ground surface. Top of screened pipe 14.5'. bottom

of screened pipe 34.5', bottom of pointed tip 35.0'. Borehole backfilled with sand
trom 110,07 {T.D.} to 35.0'.

PMC REPRESENTATIVE SIGNATURE Zgsre Sedavie, " oaTE 3/8/89

merie 1. Schauer




WELDON SPRING SITE REMEDIAL ACTION PROJECT
- WELL COMPLETION RECORD

WELL NUMBER___G70-5 (modified) DATE INSTALLED ___4/27/89
PMC REPRESENTATIVE _Rlan Benfer DRILLER Jom Clay, Hannibal
TOP OF
PROTECTIVE CASING __None
'TOP OF CASING __1.1' stickup |
e—— LOCKED-DATE __None
, Volcla
GROUND SURFACE SEAL TYPE arout >
SURFACE 477.22' """" ; _ THICKNESS
TOP OF / ‘ ~—— BORE 7-5/16"*
! | HOLE DIAMETER
GRoOuUT ___ Ground surface | ~ Triloc, Schedule 40
BOTTOM OF I "'r CASING TYPE JThreaded PVC
PROTECTIVE CASING ___None /: | DIAMETER ___2.0"
I ]
n [
! |
; le——— OUTER CASING TYPE None
BOTTOM OF
OUTER CASING None ! I DIAMETER _
BIP0F seaL T |
IP OF SEAL __33.5 to surface fe——— GROUT TYPE _Yolclay Grout
TOP OF .
FILTER PACK _23.5
TOP ~ =—— SEAL TYPE Yolclay Grout

OF SCREEN 95,0

SCREEN TYPE Machine cut PVC

CENTRALIZER .
DEPTHS One at 104' DIAMETER _2.0
sLOT size _0.010"
+ BOTTOM . . ‘ Meramec Warrior
OF SCREEN 104.0 48— FILTER PACK TYPE _WB-35
Silica sand

TOTAL DEPTH __105.0 -

COMMENTS _*7-5/16" auger hole to top of rock at 90.0'. 4" hole 90.0' to 110.0'.
Cuttings 110.0 to 105.0'.

A1% depths from ground surface.

PMC REPRESENTATIVE szemwa%&/_ﬁ‘k%«- DATE _4/27/89




WELDON SPRING REMEDIAL ACTION PROJECT shoet ] o5
Project Number:
BOREHOLE LOG Contract: WP 117
Hole Numbar
6TQ-6
Geotechnical Investigation-Phase 11 Quarry Staging Area
Coordinates: _ {Orilling Contractor: ,
N.7325.31, E.13140.86 Hannibal Testing Laboratories
Dril Make and Modet: CME 55 (truck-mounted); Depth Top of Rock: Depth Casing & Sas: | Hole Size: .
H.S. Auger 6-7/8", 3%"/NC Wireline Core 38.5' 38.5'; 6-7/8"Auger|6-7/8" /2.98
Elevation: ‘ I Angie from Vert. and Bearing: Depth Botiom of Hole:
508.3' g.s. ! Vertical 58.5'
Water Lovel: Fluil & Additives: Daw Start Datw Finish: Logger:
44.7'b.g.s. 3/1/89 None / Water 02/27/89 02/28/89 M. Schauer
smm.:‘ 'W;A;g“ SOA DESCRIPTION
§ 8 | e g |-fan | 9 |Name, Gradation or Plasticity, Particie Size Distribution,
<|z3i| 2 |28 g s | § |Color Moisture Content, Relative Density or Consistency,
o g,—g% ‘%‘ Sg g ) gg Soil Structure, Mineralogy, USCS Group Symbo! |

0 A ALLUVIUM
7 1| CLAYEY SILT, orangish brown (5YR 5/6), low plasticity,
- 4 I [moist, medium stiff (firm), with trace coarse :
ETSS 537 7| |angular chert gravel, maximum size 1%", with trace

4'0 01 10" (8) a| y|organics-wood fibers and roots, ML
- b
5 Q: CLAYEY SILT, orangish browin (5YR 5/6), nonplastic to
5.0 [ S5 | gu|7-86 A" (| Tow plasticity, mo'st, medium stiff (firm), with —
-16.5 | 02 (14) some organics-wood branches and roots, ML. Driller |
B 4] | reported pushing a rock 7.0 |
— 7.5( ST SILT, medium brown (7.5YR 5/4), nonplastic, moist, _|]
03 | 30" medium stiff (firm), ML
10 10.0 ‘ 10.0
10.0§ SS 16" 14=7-9 |4 4] CLAYEY SILT, orangish brown (5YR 5/6), nonplastic to
=111.5| 04 .| (16) L") | Tow plasticity, moist, medium stiff (firm) to stiff, —
N /. with trace fine sand, ML _
JT2 555 [ 1g» [3-13-15| [| JACLAYEY SILT, as above, stiff to v. stiff, ]
14.0] 05 (28) ||
114 14,5 -
15 ] —
15.0] SS 14" |6-14-16 SILT, medium brown (7.5YR 5/4), nonplastic, moist,
-116.5| 06 (30) Jstiff, with trace fine sand, ML -
] SILT. as above to 1ight brown (7.5YR 6/4), with
~{17.5] SS . [B-15-T5 ’ N
19.0! 07 16 (30) ltrace MnOx patches.

20 20.0] SS 16-12-15 ‘t{SILT, as above, a little to some fine sand. Driller—
+21.5| og | 18 (27) ‘||| reported hard drilling 21.5-22.5. -
~Z2.5] S5 13" b-7-9 SILT, as above, -

24.0{ 09 (16)
24.5 7]

25— T ]




WELDON SPRING REMEDIAL ACTION PROJECT

Sheet __ ¢ of

Prqoqc Number: 1
ontract: WP 7
BOREHOLELOG ey
GTQ-6
Location: .
Geotechnical Investigation - Phase II Quarry Staging Area
SAMPLE ,;2=::; A SO DESCRIPTION
TESY
8| . £ | «| & =2 2 |Name, Gradation or Plasticity, Particle Size Distribution,
g3 | = ] g oy g Color, Moisture Content, Relative Density or Consistency,
wlese »,“3 as e ) gg Soil Structure, Mineralogy, USCS Group Symbol
wl|oma £ Fz a (2]
25 25.0 o1 ) “ Y|'|SANDY SILT-SILTY SAND, medium gray (N5) to dark grey
n 10 30 L[] (N4), nonplastic, moist, medium stiff (firm)-medium -
—27.5 ‘| ©.t]dense, fine sand, with a little organics-plant roots,_|
- " F|ML-SM _
27.51° 85 1y 4u [2-6=7 ") SANDY SILT-SILTY SAND, as above, to medium brown 4
29.0/ 11 (13) |y ‘'] (7.5YR 5/4), trace organics. i
30 298 1n —
N ST . [+ 1 .F{SILTY SAND-SANDY SILT, mottled 1ight brown (7.5YR 6/4)]
12 (30 | ’|to orangish brown (FeOx stained) (5YR 5/6), nonplastid,
—32.3 I moist, medium dense-medium stiff (firm), fine sand, -
- ‘I - 1SM-ML .
1L : 33.5_ 1]
5 ] . | ]
35.01 SS [y70 [7-9-10 L} |'||{SANDY SILT, mottled 1ight brown (7.5YR 6/4) to
=136.5| 13 (19) L - jorangish brown (FeOx stained) (5YR 5/6), nonplastic, -
N gl moist, medium stiff (firm) to stiff, fine sand, ML i
7138.5 irl. 38.5
-1 Auger refusal @ 38.5' -
40 ] Switched to NQ wireline core ]
ﬂ t—




WELDON SPRING REMEDIAL ACTION PROJECT Shoot 3 o 5
Contract: WP 117
ontract: ‘

BOREHOLE LOG e
GTQ-6
‘ Location:
Geotechnical Investigation - Phase 1! Quarry Staging Area
COMMENTS - " DISCONTINUITIES UTHOLOGY
TESTS/MONITORING §§ § ® DESCRIPTION § MINERALOGY CEMENTATION
INSTRUMENTATION |, é § 2 &5| TGHTNESS CLASSIFICATION HARDNESS
CORING RATE ANO 9 § PLANARITY COLOR WEATHERED
SMOOTHNESS w|z SMOOTHNESS GRAIN SIZE STWE
g CORING FLUID LOSS gg% §§3 § EE FILLING, STAINING § ALTERATION
CONTAMINATION &| oRIENTANON .
38.5 Started coring @ 38.5'
2/28/89 NQ-1 1{0.5 Open, irregular, /LIMESTONE, light grey (N7),
3.3 [5.0 | 6|rough, FeOx medium to coarse grained,
hq 5.0 10% 38.5-43.5 crystalline, fossilferous,
Run 1 average 66% 1392 Rubble moderately hard, moderately
3 min/ft. L.P. weathered (rock shows slight
1 0% fluid return S color change to buff
0.5 (7.5YR 8/4) or tan. (7.5YR7/4
to slightly weathered, vuggy
b 1 30% 1/8" to 2" with FeOx and
v calcite crystals. Massive.
4" Very closely to closely
i 1 fractured (spacing 3/4" to 6"
Al 0.9
|
4 7
-
Possibly
k2 KIMMSWICK FM
—
-y 6
B3
.
| : Ny
i 43.5 6|Rubble *ﬁ
no- 2T |17
Run 2 average 4.0 )
ha 6 min/ft 5.0 34%
0% fluid return |g0% L.p 43.5-48.5
0'3.' Open, irregular,
B : g| rough
3 Rubble
>4II
45




WELDON SPRING REMEDIAL ACTION PROJECT shoat 4 " 5 i
Project Number:
‘ Contract: WP 117
BOREHOLE LOG Co 1
GTQ-6 1
. : : |
Geotechnical Tnvestigation - Phase 11 Quarry Staging Area
COMMENTS - DISCONTINUITIES LITHOLOGY f
TESTS/MONITORING 0 § @ DESCRIPTION § MINERALOGY CEMENTATION :
INSTRUMENTATION @ g" TIGHTNESS CLASSIFICATION HARDNESS l
CORING RATE AND S I8 8| PLANARITY GOLOR WEATHERED |
SMOOTHNESS ww Z L/ SMOOTHNESS GRAIN SIZE SWIE 1
CORING FLUID LOSS 85 g § Ew FILLING, STAINING ALTERATION [
CONTAMINATION N &| ORIENTATION !
45 1 ‘ {
yellowish brown T~ |

41

4 1(10YR5/6) soft
clay fillingwit

with hard clay

45.5

ﬁasslIMESTONE, same as above,

angular chipsAf |~except: medium grained, not
rock‘______—//6 vuggy, with clay layers to

= 1"-2" thick, with occasional

cenf

49

Run 3 average

9 min/ft

chert nodules to 2". Closely

6 filling.
yellowish brown
(10YR5/6) soft
layered clay
filling

very closely
5 |fractured (1"
pieces) with
yellowish brown
(10YR5/6) clay

with grayish
o |brown (10YR5/2)

—Z D
o L] 0
O wilu;m

50

0% fluid return

—

o O

O e
o

R

52

Ibedded. Fine grained,

1710.0 hard clay filling |[crystalline, fossiliferous
10.0| [grayish brown (includes shell layers), hard,
100% (10YR5/2) firm fresh, with disseminated
L.P. layered clay pyrite. Very thinly bedded
3.4 £i11ing (spacing 1" to 2"), horizontal.
: 0 . Widely fractured (spacing

5 orangish brown 2' to 4') ~

> (5YR5/6) clay -

4" layers
3042 mechanical break 7]
2

0 Possibly

DECORAH M
! tight, planer, 1

rough with small{104200

calcite crystals |~

fractured (spacing 2%" to 6") _|

Possibly _|
KIMMSWICK FM

47.5
LIMESTONE, interbedded 1ight
grey (N7), medium grey (N5),
argillaceous, and occasional
white (N8) chert, looks
almost banded rather than




WELDCON SPRING REMEDIAL ACTION PROJECT Shout 5 o 5
: : o Contract: WP 117
BOREHOLE LOG Con
GTQ-6
. ‘ Location:
Geotechnical Investigation - Phase 11 Quarry Staging Area
COMMENTS - DISCONTINUITIES LITHOLOGY
TESTS/MONITORING gz' ] DESCRIPTION § MINERALOGY CEMENTATION
INSTRUMEN TATION é ¢§ 5| TGHTNESS CLASSIFICATION HARDNESS
CORING RATE AND §§ =1 §§ PLANARITY COLOR ‘ WEATHERED
SMOOTHNESS < SMOOTHNESS GRAIN SIZE STUTE
S CORING FLUID LOSS | sg §§ § g‘! ALLING, STAINING ALTERATION
CONTAMINATION ¢8R(8 | oRENTTION
{52 _ 2 CIMESTONE, as above
NQ-3
con't
9 0
5
: 1
, 2P(53.8
| Tight, planar, | ~Orangish brown (5YR 5/6) lay:
5 : rough 03!;.,“ thick
‘ ‘ Tight, planar, 1454,3
. - ) [rough YeTTowish brown (10YR 5/6)
- layer, %" thick
5
. 0
5
Tight, irregular,
- rough, FeOx, with
llsmall calcite 0°
crystals ~
5
. 0
5
0 .
58.5 mechanical break ~
T.D. @ 58.5"' 2/28/89
Installed piezometer--see
53 attached completion record

[
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WELDON SPRING SITE REMEDIAL ACTION PROJECT

WELL COMPLETION RECORD

(PIEZOMETER)

WELL NUMBER__G67Q-6

PMC REPRESENTATIVE __M. Schauer

DATE INSTALLED _ 2/28/89

DRILLER - Clay - Hannibal

"TOP OF CASING

- DEPTHS

TOP OF

PROTECTIVE CASING __ N/A

+2.0' stick-up

e LOGCKED-DATE N/A

GROUND

SURFACE 508.30'

TOF OF
GROUT __

BOTTOM OF
PROTECTIVE CASING

G.S.

N/A

BOTTOM OF
OUTER CASING

TOP OF SEAL

TOP OF
FILTER PACK

TOP
OF SCREEN

N/A
G.S.

30.0°

(slots) 38.5°

~

SURFACE SEAL TYPE _bpellets
THICKNESS _

ee—— BOREHOLE DIAMETER _©38.5'

CASING TYPE _Triloc PVC
DIAMETER

2.0"1.D.
ScheduTe 230, FI
jointed, threaded

h——— OUTER CASING TYPE _NA

DIAMETER

pE———

oe——— GROUT TYPE 3/8" Bentonite
peliets

3/8" Bentonité
pellets

: fe—— SEAL TYPE

IZER
CENTRALIZE N/A

BOTTOM

OF SCREEN (slots) 57.5'

TOTAL DEPTH 58.5"

\

SCRE‘EN TYPE Triloc PVC

SLOT Size 0.010" machine-cut

. J
<s—— FILTER PACK TYPE _NWB-

Meramec

Warrior brand

-

Silica sand

/8" Bentonit

6-7/8"/2.980"

2-3/8"0.D
ush-

DIAMETER 2.0" I.D., 23/8"0.D

schedule 40, flush-
jointed tgseaded N

q

COMMENTS

Al depths are below ground surface.

Top of screened pipe 38.0', bottom ot screened pipe 58.0', bottom of

pointed tip 58.5"',

Borehole diameter 6-7/8" to 38.5'; 2.98" top 58.5'.

Piezometer abandoned and grouted 4/20/89

PMC REPRESENTATIVE SIGNATURE £/ Sckuseer
M. Schauer

DATE 2/28/89




WELDON SPRING,  SITE REMEDIAL ACTION PROJECT Sheet 1 o_ 5 1
' Project Number. ?
BOREHOLE LOG Contract WP 117
‘ Hole Number i
~ GTQ-7 g
Project Location: 1
Geotechnical Investigation - Phase 11 Quarry Staging Area
Coordinates: Drilling Contractor.
N.7546.09, E.13148.45 Hannibai Testing Labs |
Dl Make and Model: (ME 55, Hollow Stem Auger  [DepthTop of Rock: Depth Casing & Sie Viole Size |
HG 7/8", 3%", NQ Wireline Core . 36.5 augers to 36 51 6-7/8"/ 2.98"
Elevation: 460.82" a.s Angle from Vert. and Boaring: . |Depth Bottom of Hole:
. g.S. vevt1ca1 56.5'; Abandoned 4/18/89
Water Level: Fluid & Additives: Dase Firviah: .
25.3 2/10/89 Clear water 1:10 2/9/89 2:05 3/20/89 A. Benfer
SAMPLE STANOAMD SOIL DESCRIPTION B
TESY !
§ sl 7l.c g (-fesan | 9 | Name, Gradation o Plasticty, Particle Size Distribution,
ZE< | & | % § 6 6" 3" g Color, Moisture Content, Relativ; Density or Consistency,
é £0k | & |13 o0 | 23 |Soil Structure, Mineralogy, USCS Group Symbol
8om | 2 |F2 | & ]
0.0 55 3-4-6 Wsmv CLAY, low plasticity, yellowish brown (10YR 5/4)
15 |01 ]0 10 qmoist, stiff cL 4
RS SILT, nonplastic, mottled grayish brown (10YR 5/2) aln‘z1
e y brownish yellow (10YR §/6), black moist, stiff (1.5),]
02 | 5
4.5 ML. possible seepage~4' o
> 7150 [ ss 130 |2-8-6 // CLAY, highly plastic, dark grayish brown [10VR 4/T‘
6.5 | 03 10 moist, stiff (1.5), CH. 5% oxidized roots.
d7.5 | T / as above, mottled dark grayish brown (10YR 4/2) and
) 04 |33 p/ yeliow brown (10YR 5/6). Trace angular fine chert 7]
-12.5 /grave]. Hard (4.5) -
1016058 3-7-10 / pp=2.5, bottom 3" very silty 11.25-13.0, color as
Tl1.s) 05 12" | 17 / above -
-12.5] SS 3-7-9 ﬁ 13.0'
14.0] 06 13" 16 :I/ SILTY CLAY, mott'led gra_wsh brown EIOYR SZ?) % yeTTowd.
red (10YR 8/8), moist, very stiff CL. Minor =
15 black MnOx
1= 357 18* [4-316 16.0' pp=3.0
16.5 ‘ SILT, 20% very fine sand, pale brown (10¥R 6/3) moist
7 med. stiff-stiff (1.0), HL © =
- 17.5] ST as above, no sand, pale brown (10YR 6/3) mottled with]
08 | 29" brown (7.5YR 5/4), med. stiff to stiff (1.0)
T119.5 -
20 1750 5s T |33 21 0 ]
7l21.5] 09 8 / CLAY, Tight brownish gray (I0YR 6/7) and yellow brown
— / (lOYR 5/6) moist, very stiff (2.5) CH
— 22.5 SS 2-2-6 iﬂg nenpustwc. Tt.brownish gray, véry moist, E'Y"Y"
10|18 | 8 5)
24.0 M SILTY CLAY, med. plasticity, mottTed gray (IUYR 5/7)
Y ist, iff (2.25) CL
25 —] ‘A yellow brown (10YR 5/4) moist, very stiff ( ) ]

-

-




WELDON SPRING SITE REMEDIAL ACTION PROJECT Sheot 2 o 5
Project Number:
BOREHOLE LOG Contract WP 117
. Hole Number
GTQ-7
Project. Location: \
Geotechnical Investigation - Phase Il — 50' N. 2nd Quarry Gate
SAMPLE ‘ ,.;,:%:::;g,, SOIL DESCRIPTION
EST
§ 8! g |.e| E F=22 S |Name, Gradation or Plasticity, Particle Size Distribution,
333 | ee g 6 38" § Color, Moisture Content, Relative Density or Consistency,
5 ggg § E; i‘, N) gg Soil Structure, Mineralogy, USCS Group Symbo!
5.3 V) ) :
2/10/89 2% g:g ff 18" | 2723 )% pp=1.0 med. stiff to stiff ]
I /,
SILT, nonplastic, dark gray (I0YR 4/1), very moist, very
4 27.5 % 1" 2012130- soft (<.25) ML .
29.0 r-{ highly weathered Timestone, wet at 29.0 B
) Y
30_ 1.1 ‘ pe——
1
- (1 _—
F -
A3 5SS T 2-2-1 SILT, dark gray, wet, soft, ML with 20% fine limeston¢
34 q 13 | 12" 3 fragments ,weathered limestone at 35' 7
: b| | | Auger refusal at 36.5' ~
30— ‘
| _
- b _
| Switched to NQ core at 36.5 —
- -
7 -
— —
L. ]




WELDON SPRING SITE REMEDIAL ACTION PROJECT lsrest 3 of 5
Progect Number:
BOREHOLE LOG Contract WP 117
Hole Number
GTQ-7
Project o Locaton: ‘
Geotechnical Investigation - Fhase Il |—~50' N. 2nd Quarry Gate
COMMENTS 3 DISCONTINUITIES ' LITHOLOGY
[~] [ 4
TE A - V] 8
Fhawmee |25z 2 (B [B] ooy |3 wema, T coweo
x | CORING RATE AND EW IS |5 S8 PLANARITY 2| cowor WEATHERED
P | couenunta B2 HE) o ol o, (3| i TS
& | ContaminamON S3¥ [BR|Q| 2 [T¥| oReNvmon g | ATERATON
6. § iBegin NQ Core 36.5
100 v N 1 Estimated core loss
ggt%r}%’ater NQ-1 36.5 - 37.3
37 00 rpm -
. . LIMESTONE throughout run 1 is
3 mins/ft 4.2 Rough slightly weathered, minor iron:
] 5.0 37.3 p Fragmented oxide stain
+
100% return' 84% 2.3 Sha'ley §37.7-37.9 argi]]&e ous , dark
38 | 5.01 | yellowish orange (10YR 6/6) _
2% mins/ft 46| |Stylolite,tight (.|
7 3+ s
100% return LP= tight ,weathered [<]38.3-38.95 fossiliferous
65 surfaces .
: ( 38,95-39.2 ,argillaceous
39 (2) pale green(?og l/i? -
3-3/4 mins/ft shaley and 39.3-39.6 shallow pits %"
i fragmented limestone throughout
6 generally a dark yellowish =
100% return : L brown 10YR 4/2
N AR _
5 mins/ft S fine to medium grained
, " boon throughout
1 1 " " " . *,—C . h
100% return vertical,open !
rough, open —
41 — -
3% mins/ft
i 41.5 |41J)5 1 |Rough, open %" [
75% return  |NQ-2 vl Estimated loss 41.5-42.5
42




WELDON SPRING SITE REMEDIAL ACTION PROJECT Sheet 4 o 5
Project Number:
BOREHOLE LOG Contract WP 117
Hole Number
GTQ-7
Progect Locabon:
Geotechnical Investigation - Phase 1] 50' N. 2nd C arry Gate
COMMENTS - DISCONTINUITIES - LITHOLOGY
TESTS/MONITORING gé o |5 v 8 MINERALOGY
INSTRUMENTATION 5‘: 2 g5 TGHTNESS 2 | CIASSFOATION HARDNESS
- | CORING RATE AND zu (S |3 58 21 cowon WEATHERED
£ | Svooriess | w88 lww|Z| | (G SmoOTHNESS £ | GRaNSIZE
& | contammnanon - | S4# (8818 § [E%] Srtnwn G § | AJTERATION
4 -
2 3% mins e ?
con 't 0
7 : umb]ed fra
o 2.31 rougn, open reak t]
75% return r°”an‘ %Egﬂt —Jat ston % §nglr'-ms a?%?ng'y
43 -
9.9 7.9 |fragmented LIMESTONE hrou hout run
i rajll ine d 1e
_. ws || g (el el TS |
5 ti to dark yellowish brown (10YR 3/2
91% 69% g? ; ; ]
stylolites clnsed __fMinor secondary calcite 42.9-43.5
Rock quality good from 44’
4 LP= "Tt ght e 7]
1.85' en 1/8" ~—
» |clayey
(2)
45 45.2-45.5 CLAYSTONE mottled riog.
ractured clay - brown (5YR 4/4) and dark gray
i 2 [stone, tight i
2/9
2710 |46 5 mins/ft , 46-48 thin 1/16"-1/8" stylolitgs
filled with dark clay.
1
7 closed [~ ximately 46 ft. stone
25% return tight ﬁBBEr?»es veryys’l?ght wear{'ﬁer?ng
47 , —
5-3/4 mins/ft Stylolite closedpr
- 0 ’ 7 .
5o 47l 47 .8-47.95 CHERT pale yellowis
23% return = brown (10YR 6/2)
ag -
4 mins/ft 2 48.3-49.7 scattered wavy
sandstone beds %"-1" and
- 1 pockets. Moderate yellowish |
25% return smooth, open 1/8|__{brown (10YR 5/4). Less
49 stylolites closef | frequently to 52.4°




WELDON SPRING SITE REMEDIAL ACTION PROJECT 5

Sheat of
Project Number,
BOREHOLE LOG Contract Wp 117
Hole Number
67Q-7
Project Hon: -
Geotechnical Investigation - Phase Il —~ 50' N. 2nd Quarry Gate
COMMENTS Q? . * - DISCONTINUITIES g LUITHOLOGY
TESTS/MO g »
werRoMeNunon. | EXE |8 18| || nowmess o | CIASSFIGRION  FARDNESS
z |comomreao \EER D \3 [efoawen.  |Eleach, WA
a COR Z0 |EZ) x N )
B | ciciioie | BEE BR)3) 8 f5| EhlRdRNe | 5| WSS
49 X NQ-2 2
4-3/4 mins/ft con't
. . 0
K25% return
50 .
. 50.0-50.25 wavy bedding
5 mins/ft 0 Stylolite closed
¢25% return Stylolite closed|_ |
51 -
9 mins/ft 51.1”- %" hard, wavy clay
0
¢ 25% return
52 . . -
Stylolite tight
52.4 Hechanica]
7 NQ-3 2 1 LIMESTONE -color generally mode
i1 a1 yellowish brown (10YR 5/4)
53 7.1 7.1 -
3 mins/ft v tight Rock quality throughout run
100 11 good. Very slight weathering,
- 2 hard. Sandstone scattered
0 water return}100% throughout run~25% generally
wavy bedded or pockets spaced
54 Lp- 1-2" apart and approximately -
4 mins/ft . 3 1" thick
- ' 0
0 return
55 — -
4% mins/ft
0
=
25% return
56
0
TD 56.5' 2:05 2/10/89

' ! | ' v It !

Piezometer installed, see attac

completion drawing

l



WELDON SPRING SITE REMEDIAL ACTION PROJECT
WEBXL COMPLETION RECORD (PEIZOMETER)

WELL NUMBER___ 6707 DATE INSTALLED 2/10/89
PMC REPRESENTATIVE __Alan Benfer DRILLER __Tom Clay - Hanniba)
TOP OF

PROTECTIVE CASING _None

TOP OF CASING +11" - LOCKED-DATE None
‘ SURFACE SEAL TYPEBentonite
GROUND %
SURFACE El: 480.6 - i THICKNESS
TOP OF /, *He—— BOREHOLE DIAMETER 6:7/8"/ 2.9’
eROUxY Bentonite pellets -G.S ! )
BOTTOM OF ’,4 - CASING TYPE [ri _Loc PVC
' ! 2.0"1.D. T
PROTECTIVE CASING __MNone /, : DIAMETER D. Threaded
I I
| |
| l ,
' Le——— OUTER CASING TYPE _ None
BOTTOM OF | | DIAMETER
OUTER CASING None — i
g.ontEOmOF SEAL 18.5"' - GROUT TYPE3/8" Bentonite PeHe'Lts
TOP OF o5
FILTER PACK : he—— SEAL TYPE 3/8" Bentonite PeHetT
TOP
OF SCREEN 25.0" _
Tri Loc PVC
SCREEN TYPE Machine Cut
ggg_‘rrgguzen None DIAMETER 2.0" 1.0.
\ 'sLOT sizg 0.010"
BOTTOM ) _
. WB-30
OF SCREEN 55.0 <o FILTER PACK TYPE B30
TOTAL DEPTH 56.5' -

COMMENTS A11 depths below ground surface.

6-7/8" hole diameter to 36.5'; 2.98" diameter 36.5 to 56.5'.
Piezometer abandoned and grouted 4/18/89

) A .
PMC REPRESENTATIVE S|GNATURE>L-£{¢«/ DATE /10789
J. Alan Benfer
[ “ . 1o "o moe o

- @ R~



WELDON SPRING REMEDIAL ACTION PROJECT choot 1 o 3
H%uanﬂnn
ontract WP 117
BOREHOLE LOG ol
GIQ-B
Geotechnical Investigation - Phase 11 o ‘Quarry Staging Area !
i : Oriling Contracior:
N.7597.07,€.12946.27 Hannibal Testing Labs
Dril Mako and Model: . Depth Top of Rack: Dopth Casing & Sze: | Hole Size:
CME 55, H.S. Auger, 6-7/8", 3% 76.0" None 6-7/8"
Elevation: from Ver. %amg Botom of Hole:
477.62 g.s. Ande vert?gg Dopth 76.0' 1
WW:SO.TBGS Fluid & Additives: Dae Stat  ]:25 Dete Finsh:  9.2() Logger. :
2/16/8 None 2/13/89 2/16/89 A. Benfer §
SAMPLE 4&55?:. SON DESCRIPTION
g Wl 2 e | E [resum | @ Name, Gradation or Plasticity, F article Size Distribution, (
5| z28 s oy g Peppe § | Color, Moisture Content, Relative Density ur Consistency,
g 828 E o e ™ 22 |Soil Structure, Mineralogy, USCS Group Symbol
(=X X < :Z .4 (]
E/b SILTY CLAY, grayish brown (10YR 5/2), moist, stiff,
7 CL-CH. Upper 1 ft. contains rock fragments. Mottle
v e 5=y light grayish brown (10YR 6/2) and strong brown -
) ; TeT (7.5YR 5/6), stiff (1.25), CH.
<3.5 | Ol 8 5 -
5 e
5.0 | ST - as above, pp=3.75, very stiff, CH.
7.0 L~
0z SILTY CLAY, mottled 1ight brownish gray (10YR 6/2)—
J75 155 3-5-11 and very dark gray (10YR 3/2), minor strong brown
9.0 | 03 8" 16 (7.5YR 5/6), moist, hard, (4.5+), CL.
10 . _
10.0] ST 24" as above, pp=3.5, very stiff.
12,0004 | - ]
as above, pp=2,25, very stiff, mottled light gray
~12.5] SS 12" 4-7-9 g (10YR 7/1) and strong brown (7.5YR 5/6), bottom 4"
14.0] 05 16 very silty. N
15 —
-0 g; 29" as above N
7. -
7.0 ; 17.5-18.5 as above, pp=3.0, mottled light gray -
TS 335 | (IOYR 7/T) and 1ight yellowish brown (10YR 6/3), ming}
19.0! 06 12" 8 T white (Ca]carQOUS), CH.

18.5-19.0 SILT, non-plastic, pale brown (10YR 6/3)!4
very moist, very soft (<¢.25), ML. ,/fi:

D

20.9" §% 5001 ST

2/16/89 07 20.0-22.5 CLAY, mottled light gray (10YR 7/1) and
- 1~ 7 25" yellowish brown (10YR 5/8) with minor black MnOx, ]
122.5 moist, stiff (1.75), CH, contains minor limestone
J2257°%% 17-3-3 fragments and FeOx. ‘ ' ]
24.0l og 15 6 ///// 22.5-24.0 as above, pp=2.25, very stiff contains thif
- Tenses of silt -
25— s —




WELDON SPRING REMEDIAL ACTION PROJECT
Sheet __2 of __3
Project Number:
BOREHOLE LOG Contract WP 117
Hole Number
GTQ-8
Prosect: Location:
Geotechnical Investigation - Phase Il Quarry Staging Area
. SAMPLE pETANDARD SOIL DESCRIPTION
TEST
§| .m g | .z | & =T 9 IName, Gradation or Plasticity, Particle Size Distribution,
; E%& E | o8 3 | =66 | § |Color, Moisture Content, Relative Density or Consistency,
wleJx E ez | © N) Z 2 |Soil Structure, Mineralogy, USCS Group Symbol
Wl oom = - - 4 [
25 5.0 ST '/ { as above, pp=2.25, CL-CH, wet ~26', blocky.
. 09 | 34" / =
£7.5]5SS 1-2-5 as above, pp=2.25, gray (10YR 5/1). ‘ 4
bg ¢ | 10 | 12" 7 / ‘
30 30.0 1SS L 1-2-3 IRaE FINE SANDY SILT, 25% sand, non-plastic, gray (5Y 5/
15| 11 4 6 I'|'{moist, stiff to very stiff (2.0), ML. Contains minor _
, - || oxidized roots. Color suggests reducing conditions
/13/89 N below water table. m
/14789 ~432.5 [ ST a
- 12 0 No recovery
35 3:8 3 2-4:6 SILTY CLAY, medium plasticity, gray (5Y.6{1) moist
"36:5 13 13" 10 very stiff (2.5), CL. Contains minor oxidized root. N
A0 —moolST M'/'r —
~ 14 | 32" / ~
2.5 Mas above, pp=3.5, with silt lenses. ML .
45 RS 35-5 ﬁj/ Alternating every few inches between low plasticity |
e " ‘7- silt to high plasticity clay and silty clay.
6.5 115 |12 / pp=1.75, very stiff, medium to high plasticity clay -
- predominates from~35-71 feet. ]
- g .
- i/{A -
P> — // —
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WELDON SPRING REMEDIAL ACTION PROJECT:

Sheet___ 3 ot 3

Project Number:
| BOREHOLE LOG Contract WP 117
Hole Number
GTQ-8
Project: Locaton:
Geotechnical Investigation - Phase 1] Quarry Staging Area
SAMPLE veranoaro T SOIL DESCRIPTION
TEST
§ NI e | T AT | Q  IName, Gradation or Piasticity, Particle Size Distribution,
g Eég & gg § ¢-s"6" | @ |Color Moisture Content, Relative Density o Consistency,
o| 883 | £ |23 g N) gg Soil Structure, Mineralogy, USCS Group Symbo!
55 55.0( ST ] as above, pp=2.25, closest color is dark greenish
7 N gray (5GY 4/1) GSA Rock Color Chart. ~
32 s
-57.5/ 16 7 A -

11
A

s e

DN

\

65

SS 2-3-7
17 (11" 10

o Oy,

(5Y 8/1)

-467.5 - Driller says gravelly

= 6" wt.
2/14/89 70 of rods

- 2/16/89 70.0f SS 16-22
38

pp=2.0 stiff to very stiff, with minor white

pp=1.5, CH with 10% fine angular gravel

——

-171.6| 18 | 11"

3|

GC. Gravel up to 1",

J I |
N

CLAYEY, SANDY GRAVEL, of angular limestone and
fragments, generally light gray, moist to wet, dense -

chert

—

D

- 2.0" PVC Piezometer installed.

See attached completion record.

76.0' auger refusal 9:20 2/16/89

Screened from
17.8' - 36.5' Monitoring interval 15.5-76.0'

-

——

—
D
-
—
—
—
——
Lo



WELDON SPRING SITE REMEDIAL ACTION PROJECT

PIEiOMETER
wWElL COMPLETION RECORD

GTQ-8

WELL NUMBER

PMC REPRESENTATIVE Af Benfer

DATE INSTALLED 2/16/89, 2/17/89

DRILLER Hannibal, Tom Clay

TOP OF

PROTECTIVE CASING _None

TOP OF CASING __*2.0' stickup

GROUND |
SURFACE __ 477.62 -—
TOP OF },‘
dRO PN Bentonite pellets-G.S.
BOTTOM OF

PROTECTIVE CASING _None

BOTTOM OF
OUTER CASING _None

~

=

None

‘}e—— LOCKED-DATE
,/sunF,Acs SEAL TYPE Bentonite
THICKNESS.

ks

r.“-— BOREHOLE DIAMETER §-7/8"

)
t CASING TYPE Iri_Loc PVC
DIAMETER 2.0" 1D, Threaded

=

:..—..—- GUTER CASING TYPE ._None

! DIAMETER
|

PG H OF SEAL _ 155 4+——— GROUT TYPE 3/8’ gg:z:;te
TOP OF 15 5
FILTER PACK : lbe——— SEAL TYPE _3/8" Bentonite
TOP . Pellets
OF SCREEN 17.5 _
Tri Loc PVC
~20.8' 2/16 M. SCREEN TYPE Machine Cut
CENTRALIZER DIAMETER 2.0" ID
DEPTHS None
SLOT sizg_0.010"
BOTTOM ‘
‘ .5 <m—— FILTER PACK TYPE _WB-30
OF SCREEN .2 Silica Sand
TOTAL DEPTH 6.0 -

Boring backfilled with sand from 76.0'

(T.D.) to 37.¢".

Piezometer abandoned and grouted 4/24/89,

PMC RI'PRESENTATIVE SIGNATUR - DATE 2/17/89
J. Alan Benfer




WELDON SPRING REMEDIAL ACTION PROJECT lsmu 1 o 3
| Fontract WPils
ontrac
BOREHOLE LOG . S e o
GTQ-9
' Locstion:
Geotechnical Investigation Phase 11 Quarry Staaing Area
Coordinates: Drilling Contractor:
N.7635.84, E E.13039.46 Hannibal Testing Labs
Dril Make and Modei: Depth Top of Rock: Depth Casing & Size: Hols Size:
CME 55 H.S. Augers 6-7/8", 3-1/4" ].D. 76.2' None 6-7/8"
Elevation: Angle from Ven. and Bearing: . |Depth Botiom of Hole: .
480.39 T0C, 478.02 GS Vertical 76.2'
Water Lavei: Fluid & Additives: Date Start: Date Firigh: Logger.
20.3' 4/14/89 None 4/11/89 ‘ 4/13/89 R. Parsons I
SAMPLE poranOARD SOR DESCRIPTION I
TESY ) .
§ | § | c| E =201 2 IName, Gradation or Plasticity, Particle Size Distribution,
| EEX | & |8 § 5 84" § Color, Moisture Content, Relative Density or Consistency,
wiazs | P foF ) & 3 |Soil Structure, Mineralogy, USCS Group Symbol
o883 £ =2 3 ‘ N
N

g

~2.5 [SS L13.6.7 / SILTY CLAY, low plasticity, brownish gray (10YR 5/1) .
4.0 (01 15 13 A moist, stiff, CL. Some limestone gravel and Fe0x
stringers. .
5 —
5.0
- ST 21" . -
-7.5 _02 -- pp = 4.0, very stiff to hard, CL as above. -
~7.5 83 12" 3.5.8 CL as above, brownish gray (10YR 5/1) to moderate -
9.0 13 brown (5YR 3/4). i
10 —
10.0 ST
7] 04 30™ 7]
q112.5 - pp = 4.5+, hard, CL as above. ~
T 12 4.7.9 . _
14" |73 CL as above, moderate brown (5YR 3/4) to light
14.0]05 16 _
- / gray (N7).
15 15.0
15.0 SILTY CLAY, medium to high plasticity, moderate
n ST . brown (5YR 3/4) to light gray (N7), moist, stiff to o
117 s 06 | 30 very stiff (2.0). CL-CH : ]
TS SS .j1.7.8 o] CL as above, medium stiff to stiff, some limestone -
19.0jp7 | 18" 15 li gravel. | i
P \ _19.5
20 te b 5YR 3/4'moist, loose —J
IWEEVE - plpe 4] SILTY SAND, moderate brown {5V 3/4
08 | 29" ;‘l‘;iz;-'{ |
w_22.5 .ti 29 5]
122.5/ss | 1gv]1.6.7 SILTY CLAY, medium plasticity, moderate brown N
24.0109 13 (5YR 3/4) to light gray (N7), moist, stiff, CL. i
5 1% -

NOTE:  Color descriptions from GSA Rock Color Charts



WELDON SPRING REMEDIAL ACTION PROJECT

Shoﬂzd3

Project Number, 5121

- BOREHOLE LOG Contract WP117
GTQ-9
Project ) ) : »
Geotechnical Investigation Phase Il Quarry Staging Area
SAMPLE %& SOIL DESCRIPTION i
§ sl 2| .2 g |- | ©  |Name, Gradation or Plasticity, Particle Size Distribution,
g 33 & we | 3 | o446 | @ |Color, Moisture Content, Relative Density or Consistency,
K %Q‘é E E; § ™N) gg Soil Structure, Mineralogy, USCS Group Symbol
25 |2°0 o CL as above _
27.5| 10 30° —
9.0 11 18 12 /(}/ﬁ CL as above 1
4/11/‘8930 A
4/1289°° "~ 130.0 ST PARH
12 |0 7,4 No recovery T
32.5 Ve -
32.5 / CLAYEY SAND, dark greenish gray (5GY 4/1), moist,
ST | 30" /A loose (0.5) SC |
35.0 5SS 18" 4.10.11 /
5114 2l /f SC as above 7
40 2570 % —
ST | ogn SILTY CLAY, medium plasticity, greenish gray (5GY =
125 15 M 4/1), moist, very stiff (3.0). CL-CH. B
7 :
45 45.0 / ]
V1SS |, [5-10.12 Clay as above
46.5| 16 | 2" | 22 / Y 4
50 __
50.0{ 5% 4.9.10 |2 (Clay as above with some limestone gravel
5117 | 18" 19 / ~
% ﬂ
s % _



WELDON SPRING REMEDIAL ACTION PROJECT sheot_ 3 o 3
Project Number: 5121
Contract WP117
BOREHOLE LOG o
G7Q-9
: Location:
Geotechnical Investigation Phase 11 Quarry Staging Area
SAMPLE piTANOARD T SOML DESCRIPTION
TEST .
&l w| 2| | E |-feun | 9 IName, Gradation or Plasticity, Particle Size Distribution,
'a' Egg g -] g PP § Color, Moisture Content, Relative Density or Consistency,
€ o ad 5] F0O |Soi! Structure, Miner , USCS Group Symbol
glgEz | E (23| 8| ™ |g8|>sr o) P Sym
55 °o9.0 %
- ST Clay with some gravel as above, stiff (1.5)
.18 | 30" 5
-157.5 %
00— 4.10.12 / | -
40770 3S e oo As above, dark greenish gray (5GY 4/1) to .
61.5] 19 //‘ moderate brown ?SYR 3/4)
4/12/89 ¢ % _
4/13/49 65.0] SS 5.10.11
| - 20 | 18" 21 As above -
66.5 /
" /
70.0 [ ss | 17w B.19.33 A . _20.5"
~471.5] 5o | { SILTY SAND, dark qgreenish gray (5GY 4/1) to light
] ; " l gray (N7), moist, dense, occasional limestone gravel _
{i up to 1/2". SM
N Ll
7 oA SILTY GRAVEL, dark greenish gray (5GY 4/1) to light
75 ‘SS 13.223)/231:\0% gray (N7), moist, very dense, GM. Limestone gravel—
_;838 22 112" 7 72+ o up to 1/2". i
- Auger refusal 76.2', T.D. N
_ Probable limestone N
Installed piezometer, see well comnletion record.
7 *Constant Head Permeability Tests h
80 — NQ wireline rods 2.375" 1.D. —
h 012.5' take 2.0 0z/10 min 7
- @17.5' take 0 0z/10 min. _
7 @22.5' take 16 0z/10 min. .
85 — ]

¢
|
/

|



WELDON SPRING SITE REMEDIAL ACTION PROJECT
WELL COMPLETION RECORD

(PIEZOMETER)

WELL NUMBER 6TQ-9

DATE INSTALLED

PMC REPRESENTATIVE

Ray Parsons

‘DRILLER

4/13/89

Hannibal -~ Tom Clay

TOP OF
PROTECTIVE CASING __ N/A

TOP OF CASING __Elev. 480.39"

GROUND '
SURFACE__478.02 -

TOP OF
GROUT G.S.

BOTTOM OF
 PROTECTIVE CASING _NA

BOTTOM OF
LOUTER CASING

ottom
O OF SEAL

TOP OF
FILTER PACK

TOP
OF SCREEN

None

10.0°

10.0°

12.5'

A
/

¢

‘le—— LOCKED-DATE N/A

3/8" Bentonite
- SURFACE SEAL TYPE pellets

THICKNESS

ILn————- OUTER CASING TYPE

s—— BOREHOLE DIAMETER _6-7/8"_

CAsING Type _Tritoc PVC

DIAMETER 2" 1.D., 2-3/8" 0.D{
Schedule 40, flush jointed
threaded

N/A
DIAMETER

e————— GROUT TYPE 3/8" Bentonite
pellets

lo—— SEAL TYPE 3/8" Bentonite

CENTRALIZER N/A

pellets

DEPTHS

BOTTOM |

OF SCREEN 31.5
76.2"

TOTAL DEPTH

SCREEN TYPE Triloc PVC

D'AMETER 2“ I.D., 2"3/8“0.01

SLOT SIZE 0.010" machine cut
Sch%gu1e 40, flush jointed
readed

4o FILTER PACK TYPE _MB-35 silica

sand

P

i

|

COMMENTS _All depths below ground surface.

Borehole caved from 76.2' to 36.5',

bentonite pellets 36.5' to 34,5', sand 34.6' to 10.0'

PMC REPRESENTATIVE SIGNATURE,Z‘V/;@/‘!MJ MDATE 4/13/89
Réy Parsons




WELDON SPRING REMEDIAL ACTION PROJECT Shoat ] o 7
Project Number.
: MKE 6121
BOREHOLE LOG K
: GTQ-10
Location: .

Geotechnical Investigation Phase 11 Quarry Staging Area
Coordinates: Driling Contractor:

N.7344.88, £.12974.48 ‘- Hannibal Testing Laboratories

Dril Make and Model: CME 55 (truck mounted); H.S, |Depth Top of Rock: lgmcmgasm: Hole Sizs:
! "

- 5'1.D./NQ Wireline Co 89.5' §56-7/8"Auger [6-7/8"/2.980"
Elsvation: Angle from Vort. and Bearing: Depth Bottom of Hole:
485.97 g.s. Vertical 109,5'
Water Lovei: Fluid & Additives: Date Siart: Date Finish; ‘ Logger:
32.1'b.g.s 4/7/89| None/Water 04/04/89 04/06/89 4.Schauer/R.Parsons
SANPLE tn::ao' SOWL. DESCRIPTION .
El .8l ¢ | LT Name, Gradation or Plasticity, Particle Size Distribution,
33 It PP Color, Moisture Content, Relative Density or Consistency,
g 8 os e | © ™ 22 | Soil Structure, Mineralogy, USCS Group Symbol
ng = :Z & N
0"
_ b 4 \
O . 1
- 2.5]SS 12.3.9 D/CLAYEY SILT GRAVEL, Tow plasticity, white (N8) with _|
4.0/01 11" 12 ~¢°° reddish brown (2.5YR 5/4) matrix, moist, medium
‘ 735 dense, fine to coarse, subangular to subrounded -
5 AR T 'iﬁ/é) limestone and chert gravel, maximum size 1", GC.  __
=16.5]02 5" 1 8 /bof As above, except maximum size ‘1%"-stuck in bucket =
o .
- g)/‘o catcher . —
] 0"59 Driller skipped sample at 7.5'-same. ' n
1017 J%f' . —
D 0.0 ST 6" [
o 03 . ——
d12.5 12.0
* 12'5 NG SILTY CLAY, dark gray (N4), low plasticity, moist,
4'032 18" '9' medium stiff with one large coarse, subrounded .

limestone gravel, CL.

=

CLAY, medium to high plasticity, medium gray (N5), —

15.0 g7 |22 wet, stiff to very stiff, CH.

-,

SILTY CLAY, medium to high plasticity, medium gray =
(NS) to brownish gray (10YR 5/1), wet, very
stiff, (2.5) FeOx stain, trace fine gravel, CH.

417.5 SS 18" 4.7.9

006 16 N
20 R0 SILTY CLAY, medium to high plasticity, greenish —_
0.0 st gray (5G 5/1), wet, very stiff to hard, FeOx stain,
I 07 o H. "
ar4/89 , 3 22.5 No recovery . 20 5

4/5 /84 - 22.5 g5 3.4.6

240/ 33 | 18" »10 CLAYEY SILT, low plasticity, mottled greenish gray -

{56 5/12 to reddish brown (2.5YR 5/4), moist,
| stiff, FeOx stain, Ml .

—_— 4.57]
25 — 1o

S \:&W&%

NOTE: Color descriptions from GSA Rock Color Chart



WELDON SPRING REMEDIAL ACTION PROJECT shoot_ 2 o 1

. Project Number.
‘ MKE-5121
BOREHOLE LOG } R ——
GTQ-10
P Locaton: o,
"E:gtechnica1 Investigation Phase II Quarry Staging Area
' SAMPLE %ﬁm SOIL DESCRIPTION
14
;_ wl ¢ o | E-jresan Name, Gradation or Plasticity, Particle Size Distribution,
zxe | |48 g . Color, Moisture Content, Relative Density or Consistency,
: 82E | & g3 | O ™ 3 0 | Soil Structure, Mineralogy, USCS Group Symbol
gldga| z | X2 | & »3
25 250, ;t/ SILTY CLAY, low plasticity, mottled greenish gray
n 09 [25" (56 5/1) to reddish brown (2.5YR 5/4?, moist, n
- : very stiff (2.5), FeOx stain, CL. .
27.5
s & SS 18" 3'§’é7 SILTY CLAY, medium plasticity, greenish gray T
29,0110 (5G 5/1), moist, very stiff to soft in places, -
FeOx stain, CL-CH.
30 TR0 . —
4 ST SILTY CLAY, Tow plasticity, mottled greenish gray o
11 |28" (5G 5/1) to reddish brown, (2.5YR 5/4), moist,
"32.5] stiff (1.5), FeOx stain, trace fine sand, CL. n
35 w4 .. SANDY SILTY CLAY, low plasticity, mottled greenish —
35.01sS 1" 3.4.4 /] gray (56 5/1) to reddish brown (2.5YR 5/4), moist,
—36.5]12 8 soft to medium stiff, fine sand, abundant FeOx stain]
- and red and yellow discoloration, CL. -
B : 3%.0
40 ] T SILTY SAND, non-plastic to low plasticity, medium
40.0 {5 gray (N5) to greenish gray (5G 5/1) to bluish gray ™
- ST 28" 1) (5B 5/1), wet, loose, fine sand, trace clay, SM. -
4.3 13 '.!',i';..:.' ST13 only pushed 28"-hit a rock. i
' ' &_‘,;?ff 43.0
~ ’( Driller reported gravel at 43' -
5 /
B P 3 =TT TA1A%] SILTY SANDY CLAY, low plasticity, greenish gray
46 14 18" | 28 "] (56 5/1), wet, soft, fine sand, trace coarse -
. : /1%| subrounded limestone and weathered limestone gravel,
B V. V| maximum size 1%", CL. 7
— Z ‘ 48.0
50
50.0]ss 18" [2.3.6 J{]:l/ SILTY SAND, greenish gray (5G 5/1), wet, loose,
<151.5/15 9 J/H fine to medium sand, trace clay, SM. .
i % 53.0 |
I 7]
55— - —



WELDON SPRING REMEDIAL ACTION PROJECT ' Shoot 3o !
Project Number:
MKE 5121
BOREHOLE LOG M e _
‘ GTQ-10
Geotechnical Investigation Phase 11 Quarry Staging Area
SAMPLE AOARC SON. DESCRIPTION
TEST
wl| 2 & |msan | @ |Name, Gradation or Plasticity, Particle Size Distribution,
[ w
E%g 5 2! 23| ees § Color, Moisture Content, Relative Density or Consistency,
3 aog | M ‘&'g o ™ 20 |Soil Structure, Mineralogy, USCS Group Symbol
Oﬂa g :Z -9 L] '
55  |°>.0 7 SILTY CLAY, medium plasticity, dark greenish aray
n ST n A(5G 4/1) to dark bluish gray (5B 4/1), wet, stiff
30
57 5 16 /(1‘.5) to very stiff, CL. -
- % | -
, i | i
50.0 s 35,7 /}//SILTY CLAY-CLAYEY SILT, medium plasticity, dark
. o 57 18 | 12 | glgrecnish gray (5G 4/1) to dark bluish gray (5B 4/1), -
241 : d,{;wet, stiff to very stiff, trace fine sand, CL/CH-
N 7 TAML/MH.
- / -
65 ‘ -_—
65.0 ST - CLAY, medium to high plasticity, dark greenish
m 18 |30" gray (5G 4/1) to dark bluish gray (5B 4/1), wet,
<g7.5 very stiff (2.0), CH. -
.
70 70.5]ss 3.5.8 LITY CLAY, medium to high plasticity, dark greenish
4715179 |18" 13 ray (56 4/1), wet, very stiff to hard, CH. -
75 ' - —
75.0(SS 18" 1469 D5/ KILTY CLAY, medium to high plasticity, dark greenish _
-176.5]20 15 ray (56 4/1) to dark bluish gray (5B 4/1), wet,
- ery stiff to hard, a 1ittle fine white {N8) limestone
nd chert gravel, maximum size %", trace medium to
n oarse sand, CH.
4/5/8B0 80.25 i
4/6/98 _g? ; 3? 7u 7%2 50,\-?6 CLAYEY GRAVEL, medium plasticity, dark greenish g
: )p%?gray (56 4/1) to dark bluish gray (5B 4/1) matrix
- Daf|with tan (7.5YR 7/4) and white (N8) gravel, wet, -
_ Dé very dense, fine to coarse angular chert gravel, -
@Amaximum size 14", GC.
B O ]
BS — WA —
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WELDON SPRING REMEDIAL ACTION PROJECT

Sheet __ 5 o _/

Project Number:
BOREHOLE LOG MK o1zl
GTQ-10
Eedtechnical Investigation Phase 11 Quarry Staging Area
COMMENTS - DISCONTINUITIES | UTHOLOGY
TESTS/MONITORING gt ] @ DESCRIPTION 8 Fneraiooy CEMENTATION
INSTRUMENTATION §‘¢§ 3 B NGHTNESS CLASSIFICANON HARDNESS
CORING RATE AND Eg 3 12 Bl PLANARITY COLOR WEATHERED
SMOOTHNESS lyw|Z SMOOTHNESS GRAIN SIZE SJE
g CORING FLUID LOSS gg 53 § g‘! FRLING, STAINING ALTERATION
CONTAMINATION ¥ [BR]8 8| omiENTANON
89
Begin Core B9 5| .8
NO-1 | 141, 5| |Rough, open  N_{489.5-99.5 LIMESTONE; buff
9.6 00 Rough, open [ 7.5YR 3/4) to light gray
B0 10.0 752 (N7), fine grained xtln, —
96% r(nodera):te haEd, fresh glay
. hard) tan (7.5YR 7/4),
4 2 min/ft sz 4 Rough, open (4) blebs and wavy stringers -
100, flutd 2.1 ] .5" to 1", occ. white (N8)
return ! chert nodules, thin to very
91 6 thin bedding, occ. vugs. —
> C'lose1'y to medium fractured
5 min/ft 4" (spacing 2%' to 2'). |
1 Open, rough —— Possibly
PLATTIN M
92 -
12 min/ft 1 Open, rough T
93 —
Open, rough || core loss 93.5-93.9 (Driller
Open, rough | reported void - drop of rods
9345 co .
4 2 min/ft at this interval) o
3
94, 939 Rubble . "1
12 min/ft 0 .
Qs —
12 mi.n,’ft 1 .
1 Nemmom wmeaemb
96 i 1 - A A L] lvugvv




WELDON SPRING REMEDIAL ACTION PROJECT Shewt 0 o !
Project Number:
' MKE 512}
BOREHOLE LOG , T
GTQ-10
. . i Locstion:
Geotechnical Investigation Phase Il Quarry Staging Area
COMMENTS 5 DISCONTINUITIES LTHOLOGY
TESTS/MONITORING N 4] DESCRIPTION § MINERALOGY CEMENTATION
INSTRUMENTATION E‘x 5| NGHTNESS CLASSIAICATION HARDNESS
CORING RATE AND Eg S 8| PLANARITY COLOR WEATHERED
SMOOTHNESS SMOOTHNESS GRAIN SZE SWE
E CORING FLUID LOSS gg §~ § E| ALLNG, STANING ALTERATION
CONTAMINATION Z(0R|(8 ¥| oRieNTNON
PG As above
4 2 min/ft 1
Open, rough .
¥
4 2 min/ft 0
o8
4 2 min/ft ‘ 0
99 Open, rough —
2 min/ft 1
4 85% fluid return 1 | Open, rough 99.5-109.5 LIMESTONE as
NQ-3 f2]7.4 above, vugs from 101.8-
10" 104.6. Occasional chert
104 9.0 . nodules.
10.0 74%
1 2 min/ft 90% LP |0
2.2
103
6
>
1 2 min/ft 4" 11
Open, rough ~
104—
Open, rough -
1 2 min/ft 2
Open, rough ah
1) 3




WELDON SPRING REMEDIAL ACTION PROJECT

Sheet ___ 7 ot __!

Project Number.
' MKE 5121
BOREHOLE LOG -
GTQ-19
Progect: ‘ Location:
Geotechnical Investigation Phasell Quarry Staging Area
COMMENTS 7 DISCONTINUITIES UTHOLOGY
TESTS/MONITORING 3N @ DESCRI MINERALOGY CEMENTANON
INSTRUMENTATION ‘¢§ S| MGHTNESS CLASSIFICATION HARDNESS
CORING RATE AND zg - 5 8| PLANARITY COLOR WEATHERED
SMOOTHNESS ¢ &l SMOOTHNESS STE
g CORING FLUID LOSS g% &l FILLING, STAINING
CONTAMINATION Y& |oR &| oRiENTATION
03 1h3.1
43 min/ft -
i Open, rough _
Rubble
4 3 min/ft -
1 R |
Open, rough (3)
<4 3 min/ft .
Open, rough
Rubble
1 66} Open, rough -
43 min/ft Open, rough -
poA -
43 min/ft N
0
n e
4 3 min/ft -
Open, rough
n 7 ———
3 min/ft
Total depth 109.5'
10
(o ]

o o

~ -

~ coebb m T aY .,
T witll vuiLiay

ound surface.
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WELDON SPRING SITE REMEDIAL ACTION PROJECT Sheot 1 o 2
‘ Project Number, o
BOREHOLE LOG Contract: WP 117
' Hole Number
‘ GTQ-11
Propct . Location; .
Geotechnical Investigation - Phase Il Quarry Staging Area
Coorchnetes: Driling Contractor.
N.7479.28 E.12848.48 Hannibal Testing Laboratories
Dril Make and Model: LML 55; /-57186" 0.D. Depth Top of Rock: Deoth Casing & Size: Hole Size:
Hollow Stem Auger with 4%" 1.D. .- 80.0'; 7-5/16" 7-5/16"
Elevation: Angie from Vert. and Beanng: Depth dotiom of Hole:
Ground: 477,17 Vertical 80.0'
Waler Level: Fluid & Additives: Daw Start: Date Finish: Logger.
24.0' bgs; 5/4/89 None 05/01/89 05/03/89 P. Patchin
SAMPLE puTANDARD SOW. DESCRIPTION
TESTY
§ wl g « 5 nesurs | £ [Name, Gradation or Plasticity, Particle Size Distribution,
5 3.3 3 o8| 8 | e~ss" | § [Color, Moisture Content, Relative Density or Consistency,
G ggg g 25 ;‘3 ™ gg Soil Structure, Mineralogy, USCS Group Symbol
= Auger drilled to 35.5 ft. without sampling. See -
B log from borehole GTQ-5 for description of soils ]
to 35.5°
35 - Begin sampling 35.5—
—-35.5 ) (| |SILT, slightly clayey, slightly plastic, dark gray -
] (SJI 26 % (5Y 4/1), damp, very stiff (2.5) ML _
38.0 ) _
- // -
40 —39.5 /SILT, as above, P.P.=1.25 —]
i ST | 26" //
42.0] %2 [ 41.9
* / CLAY, mod. to high plasticity; dark gray (5Y 4/1), -]
- /moist, slightly silty, approx. stiff, CH -
44.0] .. /CLAY, as above, P.P.=2.25 CH n
4% —q | ST | 30" —
03 /
. J46.5 -
I / .
49.0] <7 [ 300 /CLAY, high plasticity, very dark gray (5Y 3/1) 7]
50 — 0t slightly mottled with black (5Y 2.5/1), moist, —
dey /stiff (1.25), occasional FeOx blebs, CH A
N .
. % 4
55 45% next page for sample ST05 description -
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WELDON SPRING SITE REMEDIAL ACTION PROUJECT
BOREHOLE LOG Contract: Wp 117

Sheet é ol 2
Project Number: ‘

Hole Number
6T7Q-11

Project:

Geotechnical Investigation - Phase Il  Quarry Staging Area

Location:

ELEWATION
DEPTH

SOIL DESCRIPTION

- | Name, Gradation or Plasticity, Particle Size Distribution,
Color, Moisture Content, Relative Density or Consistency,
Soil Structure, Mineralogy, USCS Group Symbol

RECOVERY
SYMBOLIC

LOG

70

75

80

~ ULIINTERWAL

wm O
o w|TYPESR

o — NUMBER

[SaNNE, )

CLAY, as above, grading to dark gray (5Y 4/1),

CLAY, mod. plasticity, slightly silty, greenish
gray ( 5G 4/1 ) damp to moist, stiff (2.25), -
CL-CH

slightly increased plasticity (med. to high), -
stiff (2.0), occasional light gray .blebs (unknowr)
CL-CH T

-

-

70.3 —

FHNRRRARRRRNS...

Q
$

o

L)
AN

O

0
00

7| plasticity, GC
7| .

CLAYEY GRAVEL, clay fraction is dark gray (5Y 4/1)
comprises ~20%; sandy (coarse) approx. 10%, poorly
sorted, gravel fraction is fine to 2 cm, angular to —
subrounded pale blue chert, moist to wet, no
1imestone, GC

—

—

CLAYEY GRAVEL, as above, with FeQx blebs, chert is ]
white (10 YR 8/1 ) more weathered, clay has mod. -

o

e

Total Depth 80.0'

take 3.0 0z/10 min.; @51.5' ‘take 3.2 0z/10min.

@ 3:00 p.m. 5/2/89

Installed piezometer consisting of 2" schedule 40
PVC. Screened from 79.0' to 60.0'. Sand pack from o
80.0' to 57.0'. See attached completion record. -
*Constant Head Permeability Tests, NQ wireline rods

2.375" I.D., @42.0' take 0.05 02/10 min.; @46.5" -




WELDON SPRING SITE REMEDIAL ACTION PROJECT

WELL COMPLETION RECORD (PIEZOMETER)

WELL NUMBER____67Q-11 DATE INSTALLED 5/3/89

PMC REPRESENTATIVE __P. Patchin DRILLER Tom Clay - Hannibal

TOP OF

PROTECTIVE CASING __None
' o +2.6 ft. |

TOP OF TASING LOCKED,‘DATE none

volclay

GROUND 4 SURFACE SEAL TYPE _grout
SURFACE 477.17" THICKNESS

TOP OF 5 "He—— BOREHOLE DIAMETER /-5/16"
GROUT ground surface i Tri-Loc Schedule
BOTTOM OF CASING TYPE _Threaded PVC

PROTECTIVE CASING _ none DIAMETER _2.0

— T ae

—————————

A R N

. ——— OUTER CASING TYPE _N0N¢
BOTTOM OF DIAMETER —_—
QUTER CASING none
BOTTOM 1c] t
TP OF SEAL 57.0 to surface +———GROUT TYPE Y0/clay grou
TOP OF I

/.
FILTER PACK e——— SEAL TYPE _ volclay grout
ToP

60.0

E
OF SCREEN — Machine cut
PVC

- SCREEN TYPE
None DIAMETER ___2.0"

CENTRALIZER

DEPTHS
SLOT size___0.010"
QoTTOM Meramec Warrior
4= FILTER PACK TYPE ___¥B-35
OF SCREEN 79.0 Silica Sand
TOTAL DEPTH 80.0 -l
COMMENTS A11 depths from ground surface.

PMC REPRESENTATIVE SIGNATURE M% D

Paul PTa'cchin

T
LI 5

Sal
[~
&
okl
Y]

A
~




APPENDIX B

LABORATORY TESBT REBULTS

B-1 5121WS.B



Laboratory testing was conducted on representative soil samples obtained from
exploratory boreholes to determine their physical properties, compressibility,
permeablllty and shear strength. The laboratory testing was performed by
GEOTECHNOLOGY, INC., St. Louis, Missourl, and the results have besn reviewed
and approved by MKES. o

The following procedures were followed in performing the tests:

ASTM D422 - Sieve analysis with hydrometer

ASTM D1140 - Test Method for Amount of Material in Soils Finer than
the No. 200 Sieve

ASTM D854 - Specific gravity

ASTM D4318 - Atterberg limits

'ASTM D2216 - Moisture content of Soil

ASTM D2435 - One-dimensional consolidation

EM 1110-2-1906

Three point sets Triaxial R

Three point sets Trlaxial Q

Triaxial permeability

A summary of laboratory testing results is presented in, Table B-1

B-2 5121WS.B
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MK-FERGUSON

A MORRISON KNUDBEN COMPANY

IN=SITU MOISTURE AND DENSITY DETERMINATION

SXTE ID: G\)q(‘(“l\ S.{\a‘i‘tw;A"?a\— CHECKED BY:LAB //jﬁ :

DATE: _May 17, 1987 TAC

‘ o/
LAB NAME: Geolechnology Tne

DEPTH MOISTURE DRY

+ PLE
LOCATION|SAMPLE |\ renvAL |CONTENT [DENSITY

D N N €2 (%) (PCF)
a2 | 570750125 | 4w | 792
£70-3 STo? /Sgidﬁg 3.2 N A
(o3 |ST0) |is0 s | 5008 WA
(Ta-S | ST/ zo,gpza,s 93¢ N#

| 6Te-5 | ST2 3‘0.6} 52703‘”55 3.2 Y
F76-3 |ST03 | JSPYe 30.5 MK
FTa-3 | STo3 5507?@54; 30, 950
L70-2  |STo¢ )5.62/7.5 39,2 L
(a2 |s¢ |25 | se |
cTa-0 | STI6 | ol o 32,6 Z9 2
(Ta-r0 |SToi6 | 25 Ens aad 7

TES-—pHQc:ngE MOM‘urc _Qde:tAS\/v\ Do‘l— D
Dr, Deeste [/H'rmua%—v \
\

39

MKF-AL-ENG-6 (4/87)

ATTACHMENT 6



MK-FERKGUSUN

A MORRISON KNUDSEN COMPANY

IN-SITU MOISTURE AND DENSITY DETERMINATION

sITE 1D: Quary sf“j;”j Area CHECKED BY:LAB_RBO

paTE: _June 12, 1787

LAB NAME: Gfo—fec/\no}ouq}é fr)c,

TAC

DEPTH MOISTURE DRY
INTERVAL |CONTENT |DENSITY
(FT) (%) (PCF)

Gra-) |STie | 225-300 | 24| o8&
c7a-5 |sroa | s0-75 | 176 /03,3

LOCATION|SAMPLE
1D 1D

cra-5 | sri6 | 1s0-/25 | aLy 950
c70-8 s7-04. | /0.0-)2.0 29,/ QY
a5 |srov | 200025 | 337 56,7
cra-7 | smo7 | Botans | 394 WA
fro-9 | T2 | S0 im0 | my | M
cra-g |sro2 | Lo 20y | 931
gro-s |2 |&h, | 3 |

Ccro-10 | STl | 300-30.0 | 277 | 707

o Dry Deasily CASTML D2937)
TS PR R e e (AT 03216)

MKF-AL-ENG-6 (4/87) ATTACHMET;{T/‘

L




@) w8 N U e d N N UL
w A MORRISON -KWQ.EN COMPANY
IN-SITU MOISTURE AND DENSITY DETERMINATION
SITE ID: Qur»ﬁ/ Sda gy A CHECKED BY:LAB— 1
DATE: §-& -~ J - TAC
LAB NAME: e dectinolefy |
_ DEPTH |MOISTURE| DRY
SAMPLE -
LOCTD"CN o | INTERVAL |CONTENT |DENSITY
| (FT) (%) (PCF
o a ™
G- | S70 4 (2.5 = 1S 43 b 758
Tot
Gia-) | ST IR Jo2 M/A
7
Gra -l sio4 1’2-5;— lj'w 25 P14
Mdle
G76- 1 1 §Tro 1 890-30 | A3 | Fe3
To P
G7a -1 | 4710 | 23.5-36 | &0 i
Botiom
G- | $710 | grr-50 | 30T | Wi
) m.Jd e
Gio-p | ST+ | av- 4.?2.; 303 dp.2
T
Cia- 45 | 272104 ¢o -42.7 388 N (A
Bo 7o n)
Gie~§ | §7- (v Yo-42: ¥ 333 w14
Cig-8 | ST-6 | s5-57.8 | 34 Yy
GT7Q 9 Si6é 1€ .S 26 &3
70}
Gig 1o | ST (5 -17-J 32:2 | A
Bc {{om ' ]
G o | STod 1S -1 s 32.) rRIA
Q0| §793 HE-1T RE9 52. 9
TEST PROCEDURE:
N MKF-AL-ENG-6 (4/87) ATTACHMENT
4
a1 ol L IR g e " " m Coap e " ' i |



. ‘\ il I% Jﬂ i il

N A IR ENQUOUIN
' ,F€70£—:J 4 A MORRISON KNUDSEN COMPANY
IN-SITU MOISTURE AND DENSITY DETERMINATION
SITE 1D: WY pA 7 CHECKED BY:LAB... I
DATE: o-14- £7 TAC
LAB NAME: GioTEWGINoLOGY (Ve
DEPTH MQISTURE DRY
T SAMPLE :
LOCAD”ON \"F| INTERVAL |CONTENT |DENSITY
’ (FT) (%) (PCF)
GTQ -1 STou 1.5 -1 3.8 | 21
GTo-1t STIS 45 -41:¢ 3¢.9 s 3
GTo-d 57-12 3¢ -32.§ " $0:3 718
|
(76 - ¢ JT-0¢ Je -§2.8 434 ‘ gl
Gio-S | e (S-178 | Q69 € q
ER
Gie-§ 1765 | a5 -aa.s 34. 8 w4
bbbt
G70-§ 5709 25.20.r1 PR Q4.
BoTiem
Gic ¢ §709 A -99:¢ Jre 1A
oo -8 | JTIE Jr-351JS 20 r g7
To7 _ .
G70-9 | $T-06 | (5-10s ki 4
_ Boddomm
tiv-4 | S1oe | c- g P4 04
GT7o-10 | §7-1 30-32.0 <49 92. 0
ToP :
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MK-FERGUSON

A MONAISON KNUDSEN COMPANY

IN-SITU MOISTURE AND DENSITY DETERMINATION

QoA JTRG G A2¢ A

SITE ID: CHECKED BY:LAB. — i1
DATE: 12717 47 TAC
LAB NAME: _freadechno [y L
| LOCTDT]ON SM':;LE lh?TEEPRTvHAL t‘:%lrf;::f DEEIZ;(TY
(FT) (%) (PCF)
574~ s7oz | 7510 ze.) 1373
GG~ £70§ 2ef-250 | 24 3,0
(70 Ji-10 ‘27'5'9\“"9 24 ./ WUy,
ADR STas | A8 T Hs | 857 853
A Y JT0p /- 175 L35 952 v
a7gd (72 D - 328 563 718 |
AR S -1l 50-5a.5 43 d 2¢.7  |v
Do e | e | g6 | s
Iy v
oow " | gTes S 23 ¢ yrighs
(- d - L PR b,d;q /01 b
Gle-§ | J70% §0 =10 323 A
G0 ¢ 304 10 - 100 24 . g4 u,
GIQ-§ | Jik 550975 | 388 §2.9,
GT9-10 | 705 oo Tiﬁ;? g1 |-
e | vies | s ;‘;9 G2.9
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Dequut #1 (@) V- FERGUSON
‘P‘ b # 3;57 i /002 —3 445, ANORR'SON.KNUUSEN COMPANY

IN-SITU MOISTURE AND DENSITY DETERMINATION

Duhep o JTAGIm G AR

SITE 1D: CHECKED BY:LAB—_ /7
DATE: - 2 1937 TAC
LAB NAME: _(Eeolacbroleys Joe

DEPTH MOISTURE DRY

LOCATION|SAMPLE) |0 VAL |CONTENT [DENSITY

1D D

(FT) (%) (PCF)

— . B«.T"Q/‘ﬂ
G- 10 STos ASRNICED 306 9,3
G740 1 ST 3¢ -2z 245 g 2

TEST PROCEDURE: .

MKF~AL-ENG-6 (4/87)

ATTACHMENT ¢
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IN-SITU MOISTURE AND DENSITY DETERMINATION /“/’
siTE 10: W I EATD CHECKED BY:LAB— 19
DATE: 6-f 10 TAC
LAB NAME: 6"&34‘—(—(«!“3 Io}“'\
o DEPTH [MOISTURE| DRY
SAMPLE -
"OC;\D"ON \D""| INTERVAL |CONTENT |DENSITY
- (FT) (%) (PCF)
GTO- 1 | sioz| w-115 | 237 | wiA
GTQ" | S5 -05 | 1S -16S 380 'U/A
Gia-4 | S5-0S | j2s- 40 | 1274 WA
GTo-d |ss-07 | ns- 0| 276 NIA
GTO-§ ss-05 | 128 -1d0o 346 N IA
GTo-5 55-07 | 75150 | 23 WA
Tov? - ]
G_To—d §T-0¢€ 1S =170 3y U)A
MLE
70 - & ST-03 | \5-yqo 337 A
1 BaTiom
gTo-& | ST-05]  e_i5.0 2509 N[ A
Tor :
G7@-10 | 8T-064 | 25 270 2715 N[ A
i _ ROTTOM ]
GTa-10 | 3705 | o5 camer | 256 | WIA.
rEsi PROCIDURE: . MO ) dure Lo +ond (AJW"‘l D22 lé)
|
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MK-FERGUSON

A MORRISON KNUDSEN COMPANY

oot b i i

IN-SITU MOISTURE AND DENSITY DETERMINATION

i

TesT PROCZDURE:

; Al I '
SITE 1D: W o & F ? CHECKED BY:LAB— 19
DATE: 6-L el TAC
LAB NAME: Gcoj-?'*c (s Dy
EPTH [MOIST ]
DEP" URE| DRY
T PLE «
LOCATION SA)’:DL INTERVAL |CONTENT |DENSITY
ID (FT) (%) (PCF)
G70- " | sz | 0-1bS | 237 | WA
1676~ 1 $5-05 | 15-165 3£.0 N /A
Gio-4 S5-08 j2.5 - 140 "27.8 10 A
GTu-d -7 | ns- 0 27§ N /A
GTo- € Ss-o8 | 12s -0 | 346 S
Grp-5S S5-07 7. - 190 | 22:d Y
TJor
G70-8 §T-0¢ 1170 3lu J]A
MDILE
v 7Q - 4 JT-03 | wr-1y9090 337 ! A
poTiom
Meiw-& | 3107 c.mo 251 SRy
Tor . .
1 67d 10 ST-05 PN RIS SR
EoTiok
JdeTe-1o | U095 | ur anr | S0 AlA
Fioordye lovizen [Asis Dz 'é)

MKF~-AL-ENG-6 (4/87)
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'SITE ID: _@\)“”“\\ S*“g\"

DATE!

MK-FERGUSON

A MORRISON KMUDSEN COMPANY

‘PHYSICAL PROPERTY TEST RESULTS

&Uv\z Ist |

U

199

Y e LOCATION ID:

CHECKED BY: LAB__ /ML

LAB NAME: Qoebkﬁ\“w\om L nc Tac
_69;;95? /S =175 79 Q7 s . h ' c
657;‘?6;53: c-/5 5/ 20 2/ N cH
782 | i5-ns | o 2y so |, oy
‘TR |ro-as | 7 39 so | i
o | 5-25 | 2% 29 // iR c(
A A /= /5 1l ce

TesT PROCEZDURE: 20! Cl‘c‘/f;,rrr"(‘n ’{ﬁ"ﬁ/‘"" e ?n\)

MKF-AL-ENG-1 (4/87)
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MK-FERGUSON

A MORRISON KNUDSEN COMPANY

'PHYSICAL PROPERTY TEST RESULTS

SITE ID: @varr/v 57‘0\,4'5;7 frea’ LOCATION ID:
DATE: _June 12,1967 CHECKED BY: Lag__RBD
LAB NAME: Geoﬁcﬁno/g}rg Lnc  Tac
DEPTH SSUD | PLASTIC [PLASTIONY] SOIL
SAMPLE | |NTERVAL | LIMIT LIMIT INDEX | SPECIFIC ;
ID : (FT) (%) (%) (%) GRAVITY C!C-)i‘:?lsO!i}
Q;;{;; 225-250| Y /7 5. KA ClL-ML
CTR-Y | ' _
croc |150-125 | 57 29 33 NA CH
G372 | 50-75 | S3 26 6| WA cH
TS N o5 | 8T | 3 ss | m | cH »
G;Q_‘g Yp0-y25 | 36 3 5 NA ML |
FI8 T | so-175| 59 26 29| M4 CH
cT-ar 77 |
gV-0l A L0-¢,5 “'9 27 Q6 VA cl
cFaTes ‘
BV:QDIA- 05-3,5 | Y2 17 23 NA L

-y gy g -
T FNWiwe

|
MKF-AL-ENG-1 (4/87) | ATTACHMENT 1




MK-FERGUSON

A MORRISON KNUDSEN COMPANY

‘PHYSICAL PROPERTY TEST RESULTS

D/spoSa,/ ()6 //

SITE ID: / LOCATION ID:
DATE: (s /é/ /787 cHECKED BY: Las__ M L
LAB NAME: Ceo?‘rcém/j-, Lnc, TG
erer o] se |24 |33 CH
el o-7 1 ¢4 a9 | g5 ¢ H
e 13l S 1 A6 | AT CH
gel 11255] 63 | asg |RS CH
A s A7 L al | (o CL
crar® |\ Y pes| A8 | )8 /O CL
ot 4085|4218 | XY L
crarlqgs| 29 | 2a | /7 cL
e 059 | 38 | 80 | )8 CL
At O H3|}

TEST PROCEDURE:

MKF-AL-ENG-1

(4/87)
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MK-FERGUSON

A MORRISON KNUOSEN COMPANY

. PHYSICAL PROPERTY TEST RESULTS

smE D _Lorrno Sourre #o.]

(- A2-89

DAfEf

LOCATION ID:

CHECKED BY: LAB_ ML

LAB NAME: QC’U"H;LY\O‘M\,’. l‘“. TAC
DEPTH LiQuID | PLASTIC [PLASTICITY] gpeciric | .. SOIL |
SAMPLE Ll LMIT LIMIT INDEX CLASSIFI- |
ID NED (%) (%) (%) GRAVITY | cation | |
TPas P act-0.8| M/ 32 i s |
TPBS /S - / 50
A /0.§/2.9| 7 * -
7”’3/;“5’3 0. 7-13.] | 37 /6 2/ Ci
7 ’5/:1 8 o 7-99 | 38 /9 /9 Ol
PRS- T |, eojpd |1 37 5 / 2 174
(=
CTGR-5 |lis0-17.81 77 24 55 ;
ot | CA-
135 =/ \pa=-159| &/ /g 43 C I
|
TEST PROCEDURE: ASTM D SI%

MKF~AL-ENG-1 (4/87)
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MK-FERGUSON

A MORRISON KMUDSEN COMPANY

STz ID wWyIeaP LOCATICN iD: Diyfospe cEec
CA-E j0-13-819 CHECKED BY: LAZ 91
Lz NaME: GEoTECWOLOGY e, TAC
LT TJoUID | PLASTIC [PLASTICITY] _. SOl E
SAMPLE | pRiavaL | LIMIT LiMIT INDEX | SEETITE louassi
I8 (F (%) (%) (%) nAYII Y | CATICN
G/}ff/g 45 - 47-5 49 22 A7 CL
G"g,;;; 2022 71 24 47 C H
GTR -+ So- 52 7 < 25 “49 CH
cT/p
]
: 4318
TERT PRCCICURE: ﬂJTM D —TZ
ATTACHMENT

pre—at -=NMGE-1 (4/37)
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SITE D Ws s RAY LOCATION IC:
DATE G-1-9¢ CHECKED SY: LAZ ¢4
[t ‘
La3 NAME Geodechrolog Y L Aac TAC
SE57A [GUID | PLASTIC [PLASTICITY goeciprc | ., SCIL_
SAMFLE iNTéQVAL LIMIT LIMIT INDEX eR A IS C_?:”T
ID C(FD) (%) (%) (%) - CATION
o [ : - ! ‘ '
- . ‘ !
Q-1 g GrasRl | ' 2g Cl
. 5.5.3_.,':6_—95; "o a1en 2 4ﬁ 25 | [ ! .
P N S T cL
&-,-U-g/gc';? ¢ - 19 o . !
E{J‘I/S'ﬂf IZII’“‘L %4_ Z—b é‘(d/ Ck/
GTQ-Cfs107 1 2.0 -8

ATTACHMENT




Request £ | (7 MK-FERGUSON

. ﬁo, _& 3‘1’0‘) - JooL - EX" iy A MORRIICH XNUDSEN COMPANY

EHYSICAL PREOPERTY TEST RESULTS

UWISSPAHT

LOCAT]ON ]D: CDUA.Z‘Z‘I J/—J)G//‘J v /’f"l)

sITE ID
DATE /-2 - 90 CHECKED EY: LAZ 17
45 NaME: _(eoTechrulopm 1o TAZ
=57 LICUID | FLASTIC [PLASTICITY] emeric SOIL

SAMPLE | nEavaL| LIMT LIMIT INDEX SCF‘lEA‘(/‘l’_‘C{ CLASSIFI-

D (FT) (%) (%) (%) A CATION

- -/ '
i%if 22.5- 28 R 69

— .S .

/

erhom Limd (AsTH D43/8)
SpPecific Graviy (AsTM DBSL{)

TE37 PRCCEZDURE:

MUE_Al —ENG-1 {4/87)

' ¢
ATTACHMENT 1
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CONSOLIDATIO.N TEST DATA

Boring No, = GT¢-1

Depth = 12.3-15 | Number = ST®4

1.2 T -
L
\’\
3 ™N
i\\\“tﬁm\ 3
N
o 10 ‘

Applied Pressupe XSF

180



O+ SRS Do - <=

. CONSOLIDATION TEST DATA

Boring Mo, = €T0-3 Depth = 15-17.5 | Nunbep = $1-7
1.6
[
=L
N |
1.1 AN
va\
~—|_
~40|
6
J 10

Applied Pressure, ke

108
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{1

CONSOLIDATION TEST DATA

Boring No. = GIQ-8

Depth = 5-7

Nunher = $1-82

| ,
fpplied Pressure, ier

10

160
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1.2

CONSOLIDATION TEST DATA

Boring Mo, = €I0-8 -

Depth = 20-22.5 | Mumber = §1-7

LN\J‘WM\L
T
N
N
—~
T

1
Applied Pressure, xof

18

169
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CONSOLIDATION TEST DATA

Boring No, = GIQ-8 Depth z40-425 | Humber = $T-14

1.2
04— ‘L---LR
\%\

\\\

l9 \.{
"N
\\
\

P —t— *\rr

6
ol 18

Applied Pressure, kst
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1.1

9

CONSOLIDATION TEST DATA

Boring No. = GT0-9 Depth = §5-7 Musber = §1-2
D
R
N I ‘
N
\\

/ =1

fApplied Pressure, et

10

168
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T e 59 [~ 9N 1Y~ B —o
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0

CONSOLIDATION TEST DATA

Boring No. = GTQ-9 | Depth = 15-17.5 | Mumber = $T-6

, 10
Applied Pressure, kst

100
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MOHR’S CIRCLES

SHEAR STRESS, tst

STRESS, tst

Total Stress  Effective Stress

Boring No: GTQ-1
Sampie No; ST-02
Depth: 7.5-10 FT

14



STRESS - STRAIN PLOT
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STAGE 1
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Depth: 7.5-10 FT
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75)

STRESS, tsf
Total Stress EMective Stress

Boring No: GTC- g=13° g'=20° |
Some N S704 C = 400 psf C'= 400 psf
Depth: 12.5-15 feet




STRESS - STRAIN PLOT
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PORE WATER PRESSURE, tsf
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Cepth: 12.5-15 feet
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SHEAR STRESS, tsf
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/
0 .. v
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P, tsf
MOHR'S CIRCLES
10

STRESS, tsf
Tota) Stress Efective Stress
0 = 20° g'= 33°

Boring No: GTO-1 C
Samnple No: ST-08
Depth: 22.5- 25 Feet
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0 psf C'= 0 psf




STRESS - STRAIN PLOT
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WSSRAP - JOB NO:- 11295 ,
UNCONSOLIDATED UNDRAINED TEST |
STRESS PATH - |
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STRESS, tsf
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Sampie No: 8T-10
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WSSRAP - JOB NO:- 11285, 000
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STRESS - STRAIN PLOT
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S§TAGE2 STAGE 3

I\

)



P

; ’
* ’ ‘
< t L]
g 10 +—4- - -
: |
B K ’
$: ‘
15 +—3-= ~
[]
20 4 R
0 C 2 3 4 5

. STRESS, tst
MOHR'S CIRCLES

I ' :
2 j.
7 :
o :
75] .
E’ i
o i
o T
g fC = 400 psf
(7] i i
e -y :
SN 4 3 TN :
0 — d -
0 1 2 3 4

STRESS, tsf
Test 1 Test 2 Testd

- . . - - s -

eoring No: GTQ-3
Samy!s No: ST-08 -
Depth. 2022.51




'WSSRAP.::JOB NO:- 11285000
CONSOLIDATED UNDRAINED T

'STRESS PATH -

Q, tsf

P’ st
MOHR'S CIRCLES

10

i VR,

SHEAR STRESS, ts!

STRESS, tsf
Total Stress Efective Siress
g =18° g'=33°

Benng No: GTOH . o
Sargle No: ST06 C = 200 psf C'= 150 psf

Depth: 1517.5 FT
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STRESS - STRAIN PLOT
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Total Stress  EMective Stress
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STRESS - STRAIN PLOT
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PORE WATER PRESSURE, tsf
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STRESS, tst
Total Stress  Effectiva Stress
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Depth: 10-12.5 FT

OMPRESSION TEST.




STRESS - STRAIN PLOT
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. CONSOLIDATED UNDRAINED TRIAXIAL
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MORRISON-KNUDSEN ENGINEERS, INC.

A MORRISON KNUDSEN COMPANY

INTER-OFFICE CORRESPONDENCE

FILE NUMBER 5121-Q:EN-L-01-1395-02
DATE 4 April 1990
‘ g7, &Nl
o D. E. Steffen FROM E.C. Tom/D.W. Reppond
LOCATION Weldon Spfings LOCATION San Francisco
SUBJECT HSSRAP- QY cc: C. D111e
SLOPE STABILITY FOR QUARRY G. Valett
EQUALIZATION BASIN AND EFFLUENT R. Whiton
PONDS FOR LITTLE FEMME OSAGE CREEK ‘ File 3840-001

As requested, we have evaluated the stability of the embankment slope of the
WSS Quarry Equalization Basin and Effluent Ponds under a 100-year flood
condition on the Femme Osage Creek. Our findings show that the slopes will
be stable under the flood conditions. The analyses are summarized below.

Critical Cross-Sections for Analyses

Geotechnical data from boring logs and laboratory test results (see
Attachment A) as well as the topography of the proposed pond area were
evaluated in selecting critical cross-sections for analysis. A plan showing
the proposed facilities, boring locations and the cross-section selected for
analyses are presented in Figure 1. Two cross-sections were identified as
critical sections. Section C-C' represents a section with maximum embankment
fill height at the centerline while Section D-D' represents a section with
maximum exterior slope length. However, since no testing was performed on
remolded samples, the embankment material was assumed to have the same
strength parameters as the in situ foundation materials (conservative
assumptions). This assumption resulted in the two selected cross-sections
for calculation being very similar to each «ther and therefore only cne
typical critical section (D-D') is required for analysis.

Strenqgth Parameters

The foundation soils are in situ alluvium consisting of interlayered sandy
and silty clays and clayey silts and classified as ML, CL and CH according
to the Unified Soil Classification System. Detailed description of these
soils were described in boring logs and the geotechnical investigation report
(Ref. 1). The embankment materials will be excavated from the proposed basin
and ponds and therefore have the same classification as the foundation soils.
The embankment fill will be compacted to 95 percent of maximum dry density
as determined from the Standard Proctor Test.

Strength parameter consisting of internal friction angle and cohesion and the
unit weight of the soils were obtained using average values from laboratory
test results and empirical correlations. Embankment fill materials were
conservatively assumed to be the same as those of the foundation materials.
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AND EFFLUENT PONDS FOR LITTLE FEMME OSAGE CREEK

The strength parameters used in each case study are shown in Table 1 and in
respective cross-sections in Figures 2 through 5. Total strength parameters
from consolidated undrained (CU) triaxial shear tests were used for the rapid
drawdown and seismic loading cases. Effective strength parameters from the
CU tests were used for the steady state cases.

Method of Analyses, Cases Studied and Conclusions

Stability of the slope under various loading conditions was analyzed using
the simplified Janbu method of slices.” This method applies the limit
equilibrium theory and calculates the factor of safety for a mass sliding
along a potential circular failure surface. STABL5, a computer program
developed by Purdue University for the IBM Personal Computer was used to
calculate the factors of safety.

The various loading conditions analyzed, the calculated factors of safety,
and the minimum required factor of safety are shown in Table 2. The
potential critical sliding surfaces are plotted in Figures 2 through 5.

Two critical cases resulting from flood conditions from the Femme Osage Creek
were studied. One case was the rapid drawdown case for exterior slope facing
the Little Femme Osage Creek in whick the flooding is assumed to cause
saturation of the embankment and that receding of water to normal elevation
occurs within a short period of time (less than a year). The second case was
for the interior pond slope in which the flood water level is at the maximum
design flood level and the pond level is empty. A high water level at
elevation 470.2 based on the 100-year flood for the Little Osage Creek
presented in Horner and Shifrin, Inc., March 1990 hydrological report was
used in both cases.

Long term steady state conditions with and without seismic loading were
analyzed with the normal creek water at Elevation 4%9.0 and assuming a
horizontal phreatic surface and no seepage loss through the pond liners.
Therefore the pond water would have very little effect on the exterior slope
stability. A pseudo-static force of 0.1g was used in the seismic case.

It should also be noted that the factor of safety for the end of construction
case and other interior pond slope cases were analyzed for similar cross-
section in a previous study (Ref. 2) and was found to exceed the minimum
required factor of safety. Assumed soil parameters as shown in Table 1 were
used (because test results were not available at the time of study). As can
be s$en from the table, the assumed values agree fairly well with the test
results.
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AND EFFLUENT PONDS FOR LITTLE FEMME OSAGE CREEK

TABLE 1
SUMMARY OF SOIL PARAMETERS FOR STABILITY ANALYSES

Total Stress Parameters

for Effective Stress Parameters
Rapid Drawdown Condition for
Material or Seismic Loading Condition  Steady-State, Static Condition

c (psf) P (deg.) 7, (pcf) c'(psf)  p'(deg) T (pcf)

Engineered 400 14 115 300 25 115
Filn e

Alluvium 400 14 115 300 25 115
Foundation

Previous Study- 260-320 17-20 125 250-300 21-23 125

Assumed Values
for Engineered
Fill & AJluvium

Note (1) Assume same strength parameters as foundation soil.
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TABLE 2

FACTORS OF SAFETY FOR DIFFERENT LOADING CONDITIONS

4 April 1990

Page 4

Minimum

Calculated Required

Factor Factor

of Safety

Safety (Ref. 3)

Long Term Steady State without Seismic Loading 2.36 1.5
(Crest E1. @ 459) '

Long Term Steady State with Seismic Loading 1.35 1.1

(pseudo-static force, k=0.lg)
Rapid Drawdown - Exterior Slope , 1.65 1.2
High Flood Condition - Interior Slope 2.65 1.5

(Water E1. @ 470.2)
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AND EFFLUENT PONDS FOR LITTLE FEMME OSAGE CREEK

The calculated factors of safety for all cases exceed the minimum required

values. The proposed embankment construction will be stable with or without
the flood condition. .

Erosion and Scouring Potential

Long term erosion and scouring are not considered to be a problem because of
the Jow water velocity adjacent to the dike not exceeding 1.5 feet per second
(Horner and Shifrin Inc., March 1990). This is an acceptable velocity since

the slopes will have a hearty grass surfacing due to being sodded after
construction.

Attachment A - Summary of Laboratory Test Results

Reference 1

M-K Engineers, "WSSRAP Quarry Geotechnical Report; Draft.”
Rpt. No. 5121R-305-A, 17 November 1989.

Reference 2

M-K Engineers Preliminary Calculation, WSSRAP-Quarry, Slope
Stability, November 6, 1989

Reference 3 U.S. Corp of Engineers "Engineer Manual, Engineering and

Design - Stability of Earth and Rockfill Dams," EM
1110-2-1902, 1 April, 1970
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