FORT HENRY BUSINESS AND INDUSTRIAL CENTRE
PHASE I DEVELOPMENT

GEOTECHNICAL ENGINEERING REPORT

OHIO COUNTY, WV

1.0

2.0

INTRODUCTION

The Ohio County Commission of West Virginia is planning to develop Phase 1 of the Fort
Henry Business and Industrial Centre, The commission is developing an area that will yield
approximately 62 acres and is bounded to the southeast by I-70 with access through local
Route 41/5. Development will require excavation and fill grading across the project site. Rock
excavations in some locations may be as much as 60 feet with fill areas as high as 95 feet.

Final grade elevations ranges from 1270 to 1235 feet (M.S.L.) Present relief elevation is from
1330 to 1160 M.S.L.

Michael Baker Jr. was retained by the Ohio County Commission to perform a subsurface
investigation of the proposed site. This report will identify the characteristics of soil and rock
to give an indication of the characteristics of rock or soil material to be excavated.for
construction purposes. This report includes general geotechnical recommendations and

information for structures that are likely to make up the fort Henry Business and Industrial
Centre Phase I project area.

SITE SETTING

2.1 Location

The Fort Henry Business and Industrial Centre Phase I site is currently an
undeveloped, mostly-wooded hilly area. It is bounded in the southeast by [-70 and a
coal refuse disposal area is located northwest of the site. A reconnaissance of the Fort
Henry Phase 1 project site does not indicate presence of any mine refuse within the
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2.2

2.3

Phase I boundaries. Drainage is in the southeast direction toward I-70. Figure 1::
Project Location Map, shows the general location.

Site Description

Six of eight test borings were located in the densely wooded sections of the Fort
Henry Phase I project site and required a bulldozer to clear a path for access to test
boring locations. The predominant soil type encountered at the project location is a
clay to clayey sand material. A visible outcrop was observed in the northwest section
of the site and in the south and southwest numerous rock fragments were observed.
Across the site, several drainage gullies drain toward the I-70 highway.

Some densely wooded ridges in the project location have a 1:1 and 1:1.5 slope
gradient while the maximum relief within the project site is about 170 ft. Existing
valleys will be filled with 40ft to 95 feet of fill. The area northwest of the site has large
deposits of coal refuse which is indicative of past mining activity in the area. This
mine refuse appears to have been capped and is now covered with dense vegetation
with trees conspicuously absent.

Geology

The bedrock at the project site belongs to the Lower Dunkard Group of the
Pennsylvanian and Permian Age as illustrated in Figure 3, Generalized Stratigraphic
Section. This formation is located between the Washington Coal and the Waynesburg
Coal.

The Waynesburg formation includes irregular sequences of claystone, shale, sandstone
with thick seams of limestone in its lower section and subordinate coals. Thick
limestone seams are not expected during excavation as they exist at lower elevations
of the site below final grade. The bedrock underlying the existing ridge at the
proposed business and industrial center location is composed of strata from the
Waynesburg formation and will be excavated in order to achieve finished grade. The
localized Waynesburg formation consists of a sequence of clayshale with intermittent
beds of claystone and sandstone.

Pittsburgh coal is estimated to be at elevation 660 to 680 at the project location.
Based on available mine and geologic maps this is approximately 560 to 600 feet the
present elevation of final grade.
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3.0 SUBSURFACE INVESTIGATION

3.1

3.2

Previous Subsurface Investigations

Seven test borings were drilled in November of 1999 by Triad Engineering Inc. to
investigate the entire project area which comprised Phase I, II and III of the Fort
Henry Business and Industrial Centre. Of the seven test borings, two (B-3 and B-4)
fall into the vicinity of the Phase 1 development plan for the Fort Henry Business and
Industrial Center site. A formal report was never produced for the 1999 investigation,
however these two test borings as obtained from the drilling contractor are

incorporated into the present Geotechnical report and should be made available to
bidders of the earth work contract.

Subsurface Exploration Program

A test boring program was conducted by Michael Baker Jr., Inc. in October of 2000
to obtain subsurface information on the soil and bedrock present at the Phase I site
of the Fort Henry Business and Industrial Centre. These borings were drilled at

locations not previously investigated or drilled by Triad Engineering Inc. The

locations of these new test borings and two previous test borings within Phase I were

surveyed by Baker prior to drilling. The locations are referenced using a site based co-
ordinate system with elevations above sea level.

Eight test borings I-1 through I-8 were drilled for this investigation by Triad
Engineering, Inc between October 3rd and October 12th, 2000. The exploration
program involving the eight test borings produced a total of 127.2 feet of soil auger
work and 126.3 feet of rock core in both cut and fill sections of the project area. The
maximum single drill depth for soil in a test boring was 24.6 feet in test boring I-3.
For rock the maximum depth was 54.5 feet in test boring I-1. The location of these
test borings are shown in Figure 2: Test Boring Location Plan.

The test borings were advanced through soil using hollow stem augers with standard
penetration test (SPT) in three (3) foot intervals of split spoon sampling in accordance
of ASTM specifications. Soil samples retrieved were visually classified at the site by
a Baker Geotechnical Engineer according to USCS/AASHTO symbol, color,
moisture, density/consistency, plasticity and grain size. The soil samples were placed
in labeled glass jars, sealed to retain moisture and placed in a Baker storage facility.

Test borings were terminated at least 5 feet below grade proposed at the time of
drilling in order to determine the nature of bedrock and its characteristics for
excavation. The rock cores were obtained using an NQ2 core barrel with water to
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remove cuttings during drilling. Core samples were visually classified in the field by
a Baker Geotechnical Engineer and measured to determine percent recovery and rock
quality designation (RQD).

Water levels were taken in the boreholes after drilling. The water level readings are
recorded on the test boring records in Appendix A. It is also noted that water was not
encountered while augering through soil.

3.3  Laboratory Testing Program
Twenty Four (24) representative samples were obtained from the drilling exploration
program for laboratory testing to determine optimum moisture contents, out of which
four (4) were classified and atterberg limits determined. Samples were selected to
cover the range of materials encountered. The tests were performed by Geotechnical
Testing Services (GTS) certified laboratory in strict compliance with ASTM testing
methods. The complete laboratory test results from this subsurface investigation as
presented by GTS is contained in Appendix B.
The soil classification tests are summarized in Table 1. The field classifications as
confirmed by the laboratory tests confirms that the soil at the Fort Henry Business and
Industrial Center project location consists mostly of clay of low to medium plasticity
with some silt and rock fragments. Based on moisture content analysis of all twenty
four samples tested ranges are observed to be from 10% to 45%.
Table 1. (Soil Classification)
Laboratory Test Results
Boring | Sample Depth | Liquid | Plastic | Plastic | Water | USCS
Number | Number (ft) Limit | Limit | Index | Content | Class.
I-1 S-2 3.0-4.5 27 16 11 5.8% CL
I-5 S-4 9.0-10.5 23 15 8 12.3% SC
I-7 5-2 3.0-4.5 32 18 14 12.0% CL
1-8 S-2 3.0-4.5 33 20 13 12.8% CL
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3.4 Subsurface Conditions

Soils observed in the test borings are residual soils. The soil depths ranged fic
approximately five to twenty-five feet. The residual soils were predominant
identified as clay (CL) with occasional beds of clayey sand (SC) and gravelly cl:
(GC) according to the USCS soil classification system. Laboratory test resuh
indicate that the soils are mostly clay and clayey sand, probably derived fron
weathered rock such as claystone and sandstone. A summary of laboratory results i:
provided in Table. 1 and complete laboratory tests are provided in Appendix B.
Bedrock was investigated from higher surface elevations of 1319 to 1259 and lower
elevations of 1152 to 1122. The higher elevations represent rock to be excavated.

Based on structure contour elevations obtained from the West Virginia Geologic
Survey, the Pittsburgh Coal is at elevation 660 to 680 feet (M.S.L.) and the
Waynesburg coal is approximately 250 to 300 feet below the highest surface elevation
at the Fort Henry project location. The Waynesburg formation, which terminates at
the Waynesburg coal, consists classically of shale, sandstone and seams of limestone
with carbonaceous shale. Clayshale is the predominant rock cored on site.

3.4.1 Bedrock and Residual Soils

The area of greatest excavation in rock is defined by test borings I-1 and I-2.
Subsurface conditions at locations for test boring I-1 indicate the presence
of silty clay to clay as residual soils to a depth of 5.5 feet. Bedrock
encountered includes a thin layer of limestone, but the predominant rock
encountered was clayshale with seams of micaceous sandstone. Less than
one foot of limestone was encountered at elevation between 1314, This is
underlain by a thin layer of clayshale and by a combined 12-foot layer of soft
sandstone/siltstone separated by a thin layer of claystone. Following which
sandstone and clayshale layers alternate to elevation 1279. However, below
elevations 1279 bedrock is mostly clayshale and below 1265 it becomes
claystone. The highest RQD (Rock Quality Designation) for test boring I-1
is 35%; this is largely due to the soft nature of the rock encountered.

Based on test boring I-1 the proposed final grade elevation of 1270 will be
in the clayshale bedrock. At this depth the rock is black carbonaceous
clayshale which may have expansive properties.
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3.5

The ridge on which test boring I-4 was drilled will be excavated, as the
proposed final grade level at this location is 1240, which is 18 feet below
present elevation of 1258. At this depth in rock the clayshale material is
carbonaceous and may have expansive properties. This test boring had RQD
values ranging from 0 to 12%.

Bedrock encountered in three test borings I-1, I-2 and I-4 consists mostly of
a soft to medium hard clayshale with occasional beds of sandstone and
siltstone with claystone. This rock is expected to be rippable by aD9 or D10
bulldozer, although the contractor should be prepared to perform limited
blasting in the event that exceptionally hard strata is encountered. RQD
values from the test borings in areas to be excavated ranged from 0% to
35%, and are considered low quality rock. The low RQD values can be
attributed to the presence of interbedded soft shale and claystone strata.

Valley Fill Areas

Test borings I-3, I-5, 1-6, I-7 and I-8 are located in fill areas. The latter four
test borings are located in the toe of the proposed embankment fill. 1-3 is in
the central portion of the site with a surface elevation of 1216 and expected
final grade of 1252 M.S.L. This will require 36 feet of fill material. The fill
embankments will range between 94 to 45 feet in height. Test boring 1-6 is
located at the base of the highest embankment, which is 94 feet in height.

Test boring I-6 has the lowest surface elevation on site of 1152.84 with
bedrock at an elevation of 1130 (approximately 23 feet below ground). The
top nine feet of soil material is a ‘stiff’ clay. This overlies a silty clay and
gravelly clay with a thin layer of coal starting at elevation 1137. Bedrock
RQD was 0 and 49%. This is largely due to the predominance of clayshale
and claystone with sandstone and siltstone interval.

Test boring I-5 is at the base of a 70-foot high embankment with a surface
elevation at 1161 and the top nine (9) feet of soil clayey sand. Bedrock was
cored at an elevation of 1144 M.SL., 17.5 feet below existing ground
surface. Rock encountered was mostly limestone with interbedded black
shale and claystone at an elevation of 1135 M.S.L. Test borings I-7 and I-8
were drilled at the base of a proposed 60 and 46 feet high embankment
respectively.
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Test boring I-7 has a surface elevation of 1178.52 with mostly silty clay soil
in the top 15.0 feet and a limestone bedrock elevation of 1161, 18 feet with
an RQD of 62%. The I-8 test boring has a surface elevation of 1194 with the
top 12 feet comprising of clayey sand, lean clay and silty clay. Bedrock is
encountered at elevation 1182. A sequence of siltstone, claystone and
siltstone was observed in the rock core with an RQD of 20% and 77%.

The fill embankments have a proposed crest elevation of 1240 M.S.L.

3.6 Cut Slope Areas

Test borings I-2 and B-4 are located in a proposed cut slope. Test Boring B-
4 was drilled in November of 1999 and, based on logs obtained from the
driller (Triad Engineering Inc) and survey data by Baker, surface elevation
at B-4 is 1330 and weathered bedrock is at 1320. The top 40 feet of bedrock
was described as weathered sandstone and shale which the drilling rig could
auger. The next 14 feet of bedrock was described, as shale with interbeded
claystone with a maximum RQD of 14% and the bottom 6 feet of the 70-
foot test boring was a claystone. Test boring I-2 was drilled in October
2000. This area will be cut from its present elevation of 1308 to a final grade
elevation of 1270. Residual soils of gravelly clay to clay can be found in the
top 15 feet. Bedrock can be found at an elevation of 1292 and comprises
sandstone, claystone and carbonaceous clayshale with RQD ranging from 0
to 22%. This will be significant at building pad locations.

3.7 Mining Activity

The Valley Camp Coal Company operated an underground coal mine in the
Pittsburgh seam below the site at elevation 660 to 680. The mine refuse
disposal area northwest of the Phase I boundary is part of the mining
operation. Mine maps obtained from the West Virginia Geological survey
show that the area of mining was extensive with pillar removal through
retreat mining. Although future subsidence is possible, the risk is low because
of the 560 to 600 feet of primarily rock overburden and with no observed
sinkholes at the site. For comparison, a 100 to 200 feet depth to the mine is
a high subsidence risk. This risk can be further defined with a test boring
program.. (For Example subsidence fractures in the rock within 100 feet of
the surface will increase the risk. Thick massive sandstone and limestone
layers within the 600 feet of overburden would lessen the risk). Using a
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borehole camera may show near- complete collapse of the mine roof
indicating that most of the subsidence has already occurred thereby reducing
the risk. However, a comprehensive investigation would cost over a

$100,000 and there is no guarantee that the estimated subsidence risk would
be further defined.

33 Groundwater

Groundwater level readings were measured at completion of test borings to
obtain the zero hour reading and twenty-four hour reading. The lowest depth
to water obtained was 4 feet for test boring I-8 and the deepest water level
was 37.8 feet observed in I-1. It should be noted however that water was not
encountered while augering through soil. Water readings are noted on test
boring logs provided in Appendix A.

40 GENERAL GEOTECHNICAL RECOMMENDATIONS

4.1

4.2

Excavation

Excavation will be carried out within the Waynesburg formation. It is anticipated that
excavation can be done by conventional earth moving equipment. However, the need
for localized blasting may be needed if the earthwork contractor chooses to increase
production.

The Waynesburg formation at the site consists of clayshale, sandstones, thin limestone
and thin coal seams. The predominant type of rock to be excavated is clayshale with
intermittent beddings of sandstone, siltstone and claystone. The test borings indicate
that bedrock is rippable.

Fill Slopes
4.2.1 Preparation

The thin layer of topsoil and loose residual soil overlying bedrock should be
removed from existing slopes prior to construction. The topsoil may not be

Michael Baker Ir., Inc.
24689-000-0000-40000
HAARAGEOTECHFORTHENR'\REPORTZ, WFD




4.2.2

4.2.3

reused except for landscaping as it contains organic material. Generally
residual soil can be used if compacted in accordance with earthwork
specifications (see section 4.4).

The existing natural ground water drainage system is to be maintained after
the site is built up (i.e. valley fills) to prevent fluctuating high water levels,
which could increase settlement in fills. A rock valley drainage blanket
detailed in Figure 4 should be placed in the valley bottom as the fill is being
built up. This valley drainage blanket should be a minimum of five feet thick
in the center of the valley and should follow the valley bottoms at least 10
feet from final grade. The rock used should be the more competent .
sandstones, siltstones, sandy shale and possibly limestone found on site.
Claystone and soft shale found on site should not be used for this purpose.
The blanket should be compacted with heavy equipment until additional
effort produces no further movement. Void spaces in the blanket top should
be “choked-off’ with material slightly finer than the rock blanket,
proportionally grading the material to the size of the overlying fill over a
minimum vertical distance of 2 feet. The blanket should be double wrapped
in a filter fabric and the seams sealed. Surface drainage should not be routed
to rock valley drainage blankets. Springs and seeps encountered after

removal of topsoil and rock should be routed via French drains into the valley
blanket.

Toe Benches

With fills from 45 feet to 94 feet high, fill placed in an existing valley will
require a toe bench. This will reduce the possibility of a slope failure along
the interface of the fill and natural ground. The toe bench should be
constructed in accordance with the details provided in Figure4 & 5 . Rock
material used in the toe bench is to be hard, competent rock. The sandstone,
sandy shale and siltstones excavated on site may meet this criteria, however
if adequate volume is not available on site, the rock material will need to be
hauled in.

Embankment Benches
Additional benching will be required to insure the stability of the fill. The fill

is to be “keyed’ into the slope as detailed in Figure 6. All topsoil and weak
residual soil as mentioned earlier is to be removed. The benches should be
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4.2.3

constructed in firm residual soils.

Placement

Trees, vegetation and topsoil should not be used in fill. Materials containing
more than 12% coal and or highly carbonaceous shale shall not be used as
fill. Unsuitable materials should be disposed in a manner satisfactory to
owner, Fill materials should be placed at a maximum of 8-inch lifts for proper
compaction.

4.3  Slope Stability

4.3.1

4.3.2

Fill Slope Stability

The stability of the proposed fill slope was modeled to simulate spring thaw
ground water conditions with rapid drawdown of water in the detention
basin. Stability of the proposed slopes was evaluated for the highest fill at 94
feet indicated as Section A-A shown in Figure 2: Test Boring Location plan.
Both toe bench configurations were modified to obtain a factor of safety of
at least 1.5. The rock toe is made of shot rock or harder rock that has been
ripped. The toe located in the embankment takes up part of the detention

pond. A second triangular shape rock toe is incorporated into the Detention
basin.

Further stability will be achieved by adding an 8-foot wide bench constructed
every 50 feet vertically on the embankment slope. This reduces the formation
of erosion gullies on the face of the slope and provides additional stability.
The results of these analyses are provided in Appendix C.

Cut Slope Stability

The proposed cut slopes will all be located in rock (mainly clayshale) from
50 to 70 feet high. This rock is prone to weathering and will generate talus
and rock fragments. For this reason a 2: 1 slope is recommended while
providing proper gradient conditions for grass or ground cover planting.
Additional treatment includes providing a diversion ditch located at the top
of the cut slope to limit erosion.
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