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MEMORANDUM

12 October 2016
File No. 40373-445

SUBIJECT: CCR History of Construction
Killen Ash Pond
Dayton Power & Light Company
Killen Electric Generating Station
Manchester, Ohio

Haley & Aldrich, Inc. (Haley & Aldrich) has assisted Dayton Power & Light Company (DP&L) with
compiling the history of construction for the Killen Ash Pond at the Killen Electric Generating Station.
This work was performed in accordance with the US Environmental Protection Agency’s (EPA’s)
Hazardous and Solid Waste Management System; Disposal of Coal Combustion Residuals (CCR) from
Electric Utilities, 40 CFR Part 257, specifically §257.73(c)(1).

The Killen Ash Pond is comprised of the Bottom Ash Pond and Fly Ash Pond which together are referred
to as the “Ash Pond.” The Ohio Department of Natural Resources (ODNR) considers the Bottom Ash
Pond and Fly Ash Pond to be a single unit.

To the extent feasible, Dayton Power & Light Co. has provided documentation supporting the history of
construction. Information concerning the history of construction of the Killen Ash Pond is presented in
the following sections.

§257.73(c)(1)(i): The name and address of the person(s) owning or operating the CCR unit; the name
associated with the CCR unit; and the identification number of the CCR unit if one has been assigned by
the state.

Owner: Dayton Power & Light Company
745 US Route 52
P.O. Box 468
Aberdeen, OH 45101

Name of CCR Unit: Killen Ash Pond

NID! ID/ODNR Number: OHO01127/8533-001

! National Inventory of Dams is a database which documents dams in the United States
and is maintained by the USACE.
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§257.73(c)(1)(ii): The location of the CCR unit identified on the most recent U.S. Geological Survey
(USGS) 7 % minute or 15 minute topographic quadrangle map or a topographic map of equivalent scale if
a USGS map is not available.

Latitude: 38°41'06”

Longitude: 83°28'02"
The general facility location map is provided in Appendix 1.

§257.73(c)(1)(iii): A statement of the purpose for which the CCR unit is being used.

Killen Ash Pond is a CCR impoundment that receives, settles and stores bottom ash and fly ash sluice
water, cooling tower blow-down, coal pile runoff and other wastewaters from the plant.

§257.73(c)(1)(iv): The name and size, in acres, of the watershed within which the CCR unit is located.

Watershed Name: DP&L Killen Ash Pond
Watershed Area: 234 acres

Watershed delineation and associated area are provided in the figure in Appendix 2, from a
memorandum titled, “Killen Pond Inflow Design Flood Control System Plan," by Haley & Aldrich dated
October 2016. Since the Ash Pond berms are above-grade, the watershed area corresponds to the pond
boundaries shown in the figure.

§257.73(c)(1)(v): A description of the physical and engineering properties of the foundation and
abutment materials on which the CCR unit is constructed.

A description of the physical and engineering properties of the foundation and abutment materials
on which the Killen Ash Pond is constructed was included in a report entitled, “Killen Electric
Generating Station Units No. 1 and No. 2, Ash Disposal Pond Dike and Foundation Studies, (Volume
1A of 2)” by Ebasco Services Inc., dated August 1979. Pertinent pages from this report providing the
required information are provided in Appendix 3.

A subsurface exploration program, including work around the Killen Ash Pond, was performed as
part of the CCR Rule compliance Safety Factor Assessment. The final report, entitled “Initial Safety
Factor Assessment, Killen Electric Generating Station, Ash Pond” by Haley & Aldrich, Inc., dated
October 2016 details test borings and cone penetrometer soundings performed adjacent to the unit
(see pages 3-5 and Appendix A). This report in its entirety is available to the public via the DP&L CCR
Rule compliance website.

§257.73(c)(1)(vi): A statement of the type, size, range, and physical engineering properties of the
materials used in constructing each zone or stage of the CCR unit; the method of site preparation and
construction of each zone of the CCR unit; and the approximate dates of construction of each successive
stage of construction of the CCR unit.

ALDRICH



Dayton Power & Light Company
12 October 2016
Page 3

The Killen Ash Pond was constructed in one stage between approximately 1979 and 1982. The
Ash Pond is surrounded on all sides by above-grade earthen embankments with a low-
permeability fill core and random fill zones on either side of the core. Clay material was used in
the construction of the embankment’s impervious core. The two portions of the Killen Ash Pond
(Bottom Ash Pond and Fly Ash Pond) are separated by an interior dike constructed of random fill
material borrowed from within the impoundment. Additionally, a 2 to 6-foot thick low-
permeability earth blanket was installed to limit seepage. Maximum embankment height is 58
feet for the bottom ash portion of the pond and 77 feet for the fly ash portion of the pond.

The type, size, range, and physical engineering properties of the impoundment materials, as well
as specifications for the method of site preparation and construction of are presented in a
report entitled, “Killen Electric Generating Station Units No. 1 and No. 2, Ash Disposal Pond Dike
and Foundation Studies, (Volume 1A of 2)” by Ebasco Services Inc., dated August 1979.

Pertinent pages from this report are provided in Appendix 4.

§257.73(c)(1)(vii): At a scale that details engineering structures and appurtenances relevant to the
design, construction, operation and maintenance of the CCR unit, detailed dimensional drawings of the
CCR unit, including a plan view and cross sections of the length and width of the CCR unit, showing all
zones, foundation improvements, drainage provisions, spillways, diversion ditches, outlets, instrument
locations, and slope protection, in addition to the normal operating pool surface elevation and the
maximum pool surface elevation following peak discharge from the inflow design flood, the expected
maximum depth of CCR within the CCR surface impoundment, and any identifiable natural or manmade
features that could adversely affect operation of the CCR unit due to malfunction or mis-operation.

Design drawings providing available information from the list above, have been provided in
Appendix 5. Information identified in 257.73(c)(1)(vii) not included in the design drawings is

assumed to be unavailable.

§257.73(c)(1)(viii): A description of the type, purpose, and location of existing instrumentation.

The following instrumentation exists at the Killen Ash Pond:

e Settlement monuments SM1, SM2, SM3, SM4, SM5, SM6, SM7, SM8, SM9 and SM10
e Piezometers W-1, W-2, W-3, W-4, W-5, W-6, W-7, and W-8

Settlement monuments were installed around the perimeter of the impoundment dikes at the end of
construction to monitor movement of the dikes during pond filling and during long-term operation of
the impoundment.

Piezometers were initially installed to monitor the effectiveness of the low-permeability earth blanket
installed during construction. The piezometers can also be utilized for monitoring long-term
groundwater levels and to monitor water quality. The existing piezometers and settlement monuments
at the Killen Ash Pond are shown on Figure 3 of a report entitled, “Round 10 Dam Assessment, Dayton
Power and Light Company, Killen Electric Generating Station, Bottom Ash Pond and Fly Ash Pond,” by
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GZA GeoEnvironmental dated August 2012. The purpose of the settlement monuments and
piezometers is also discussed in the above-referenced Ebasco report dated August 1979. Pertinent
pages from the above referenced reports are provided in Appendix 6.

§257.73(c)(1)(ix): Area- capacity curves for the CCR unit.

The area-capacity curves for the Killen Ash Pond are contained in DP&L’s “Operation Maintenance
and Inspection Manual” dated April 2014. Copies of the curves are presented in Appendix 7.

§257.73(c)(1)(x): A description of each spillway and diversion design features and capacity calculations
used in their determination.

The Killen Ash Pond includes two spillways and one recycle conveyance structure.

Internal Spillway between Bottom Ash Pond and Fly Ash Pond - Flow from the bottom ash portion of
the pond is conveyed to the fly ash portion through a concrete channel equipped with removable
steel channel stop logs.

Recycle Structure — An outlet conveys flow from the bottom ash portion back to the plant for use as
recycled make-up water for plant process. This water enters a 58-foot high concrete pump station
intake tower. Water entering the intake tower is conveyed back to the plant by gravity through a
36-inch diameter ductile iron pipe (DIP) which is installed inside of a 72-inch corrugated metal pipe
(CMP) with open annulus. A 36-inch stainless steel sluice gate is provided in the pump station tower
to shut off flow from the impoundment to the plant as needed.

Ash Pond Discharge - The fly ash portion of the Ash Pond has a single discharge point. A decant
structure consisting of a 17-foot by 18-foot rectangular concrete overflow structure exists near the
southwest corner of the impoundment. Water enters the overflow structure via dual weirs located
on opposite sides of the structure. After entering the structure, water is conveyed through a 42-
inch reinforced concrete pipe (RCP) to a 4-foot square x 61-foot high vertical concrete standpipe
(blow out drain). Water is conveyed from the standpipe by a 36-inch DIP which is installed through
a 72-inch RCP with open annulus. The 36-inch DIP outlets into a concrete energy dissipater
structure and Parshall Flume. Flow from the flume enters a drainage ditch that discharges to the
Ohio River.

A description of each spillway and diversion design feature for the Killen Ash Pond is included in
DP&L’s “Operation Maintenance and Inspection Manual” dated April 2014. Pertinent pages from
the manual providing the required information are provided in Appendix 8. Design drawings for the
above structures are included in Appendix 5. No historical capacity calculations were identified and
are assumed to be unavailable.
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§257.73(c)(1)(xi): The construction specifications and provisions for surveillance, maintenance, and
repair of the CCR unit.

The construction specifications are included in Appendix 4. Provisions for surveillance, maintenance,
and repair of the Killen Ash Pond are discussed in the above referenced DP&L’s “Operation
Maintenance and Inspection Manual” dated April 2014. Pertinent pages from this manual providing
the required information are provided in Appendix 9.

§257.73(c)(1)(xii): Any record or knowledge of structural instability of the CCR unit.

There are no records or knowledge of structural instability associated with the Killen Ash Pond as
indicated in DP&L’s “Killen Station Ash Pond Annual Inspection” report dated December 21, 2015
(performed in accordance with 40 CFR §257.83), or previous impoundment inspection reports by
others. Pertinent pages from DP&L’s 2015 report are provided in Appendix 10.

ALDRICH
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APPENDIX 2
Figure 2 and Appendix from:
Killen Pond Inflow Design Flood Control System Plan
By Haley & Aldrich, Dated October 2016
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APPENDIX 3
Excerpt from:
Killen Electric Generating Station Units No. 1 and No. 2, Ash Disposal Pond Dike
and Foundation Studies, (Volume 1A of 2)
By Ebasco Services, Inc., Dated August 1979
Pages 2, 18-20



II. SUMMARY

A. SITE CONDITIONS

The proposed ash disposal pond for the Killen Electric Generating Station
covers approximately 285 acres in the area east of the plant site between
U.S. Highway 52 and the Ohio River. The ash pond location lies on a large .
alluvial deposit in the flood plain-of the Ohio River.

The subsurface profile consists of three (3) basic zomes or layers of
material. Silts and clays exist at the ground surface in varying thick~-
nesses (5 to over 20 feet) over most of the site. A transition zone of
silty sand and sandy silt material generally exists beneath the upper zone
throughout the proposed ash disposal area but is more prominent near the
river. Underlying the transition zone is a foundation of relatively clean
sand which extends to bedrock. Occasional pockets of gravel exist through-
out the subsurface profile.

Bedrock at the site exists within 20 feet of the ground surface in the
northeast corner of the pond near U.S. Highway 52 and deepens to approxi-
mately 60 to 90 feet beneath the ground surface along the Ohio River.
Bedrock beneath the site consists of calcareous shale interbedded with thin

layers of limestone.

The groundwater level varies over the site due to local topographical in-—
fluences, but generally averages Elevation 491.0. The groundwater level is
slightly higher near the highway and drops near the river where it is in-
fluenced by concurrent water levels in the river.

A study of site and regional geology and seismology indicates the maximum
seismic event likely to occur at the site would not exceed Intensity VI or
VII on the Modified Mercalli scale. This would correspond to a peak
horizontal ground acceleration of 0.10g at the site.

B. CONCLUSIONS AND RECOMMENDATIONS

The following conclusions and recommendations are based on the field and
laboratory investigation. Detailed conclusions and recommendations are
provided in Section VI of this report.

1 - Fly ash and bottom ash disposal ponds of the required storage‘
volumes can be constructed at the proposed plant site by
utilizing the site materials to construct earth embankments.

2 ~ The ash disposal pond dike slopes are stable at 2.5 horizontal
to 1.0 vertical under static and dynamic loading conditionms.
All slopes were analyzed for both the construction and the
long~term cases. The long-term case was also analyzed for
high water level conditions in the Ohio River.
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B.

LABORATORY INVESTIGATION

1.

General

Laboratory tests were conducted on representative undisturbed
and recompacted samples to determine the physical properties
of the soils for strength and settlement evaluation. Typical
compressibility characteristics were determined from the
results of a total of twelve (12) consolidation tests. The
results of eight (8) consolidated undrained (CU) triaxial
tests, four (4) unconsolidated~undrained triaxial tests, and
twenty-five (25) unconfined compression tests were used to
develop typical strength parameters of the dike fill and
foundation materials. The results of these tests are included
in Appendix D.

Grain size and Atterberg limits tests were performed to
determine soil classification. Standard Proctor moisture~
density tests were performed to develop typical compaction
characteristics and for correlation with soil strength
parameters. Laboratory permeability tests were performed to
determine permeability coefficients for the dike core
materials. The results of the laboratory permeability tests
are summarized in Table 2.

The laboratory tests performed during the detailed plant sub-
surface investigation were conducted in laboratories at the
University of Illinois, Champaign, Illinois, and at Columbus
Testing Laboratories, Columbus, Ohio. All other laboratory
testing was conducted at Bowser—Morner Laboratories, Dayton,
Ohio. All tests were performed in accordance with the rele-
vant ASTM standards. The laboratory testing program was
initiated and supervised by Ebasco Services Incorporated.

Design Strength Parameters

The selection of soil properties and shear strength design
parameters is strongly influenced by the complexity of the
soil profile and the manner in which samples are selected for
testing. Graphical representations of shear strength were
studied along with published values to select design strength
values.

The perimeter and interior dikes (see Typical Sections, Figure
4) will be constructed from borrow materials excavated from
within the ash pond. The dike fill materials consist of
select impervious fill and random fill material. The select
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B.

LABORATORY INVESTIGATION (Continued)

impervious fill (silt and clay) will be used to comnstruct an
impervious core in the perimeter dike and to blanket the
bottom and sides of the ash pond excavation, where required,
to prevent leaching of the ash sluice water into the ground-
water. The random fill will be used primarily for stability
purposes in the perimeter dike; however, the interior dikes
will be constructed entirely of random fill. Typical
properties of the dike fill and foundation materials are
summarized on Tables 3 and 4.

Triaxial shear tests were conducted on samples of impervious
£fill material at various moisture contents and densities to
determine the effect of moisture content on drained and un-
drained shear strength. These tests were run on both field
and laboratory compacted samples. The results of the tri-
axial tests are presented in Appendix D in the form of Mohr's
Diagrams.

Figures 15 and 16 present a summary of triaxial data for
effective and total strength parameters, respectively. A
range of values and design strength envelopes were selected
for use in design of the perimeter dike. An average cohesion
(C) of 0.25 kips per square foot (ksf) and an internal angle
of friction (@) of 25° were selected for effective stress
analyses; and an average 'C" of 1.40 ksf and g = 14° were
selected for total stress analyses of select impervious fill.

A range of design values for random fill was conservatively
assumed based on tests performed on the various materials at
the site. Cohesion was varied from 0.0 to 1.2 ksf and § from
16° to 38° for undrained analyses. For drained analyses,

"C" was assumed to be 0.0 ksf and § = 38°. These values

will be verified during the first stages of construction by
additional strength tests on field compacted samples.

The foundation materials consist of surface silts and clays,

a transition zone of sandy silts and silty sands, and a thick
underlying layer of sand and gravel. The surface silts and
clays that characterize the site vary in thickness but average
approximately 15 feet deep beneath the perimeter dike.

A cohesion of 0.50 ksf and § = 8° was conservatively
selected for total stress analyses (undrained case) of the

‘dike foundation materials based on the results of triaxial

shear and unconfined compression tests performed on relatively
undisturbed samples. For effective stress analysis (drained
case) of the dike foundation materials, cohesion was assumed
to be 0.0 ksf and ¢ = 35°.

19
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LABORATORY INVESTIGATION (Continued)

For slope stability analyses it was assumed that the surface
materials were underlain by sand with a cohesion of 0.0 ksf
and § = 35",

20



APPENDIX 4
Excerpt from:
Killen Electric Generating Station Units No. 1 and No. 2, Ash Disposal Pond Dike
and Foundation Studies, (Volume 1A of 2)
By Ebasco Services, Inc., Dated August 1979
Pages 4-19, Tables 1-4, Appendix B & D



III.

ASH

ASH DISPOSAL POND OPERATION AND DESIGN REQUIREMENTS

DISPOSAL POND OPERATION

1 -

Bottom Ash Disposal Area

The bottom ash disposal area (referred to as bottom ash pond)
will be a separate compartment located in the northwest corner
of the ash pond. Bottom ash, consisting of vitrified
particles from flour up to a few inches in diameter, and
pyrites will be sluiced on an intermittant basis to the dis-—
posal area. Each generating unit will produce an average
sluice water volume of 84,500 cubic feet per day for bottom
ash and pyrites. In addition to inflow from the ash sluicing
operations, a maximum flow of up to 1,150,000 cubic feet per
day will come from the contaminated waste water basins (in~
cluding storm runoff from the coal storage pile and plant
area), and a maximum flow of up to 3,490,000 cubic feet per
day will come from blowdown from the Unit No. 1 and No. 2
cooling towers.

The bottom ash pond will be initially filled with sluice water
using make-up from the Ohio River. It will take approximately
24 months to fill the bottom ash pond to normal operating
level at elevation 569.5. During initial filling one (1)
sluice pipe will extend down the dike slope to the bottom of
the ash pond to prevent washing and erosion of the dike slope.
The bottom ash sluice pipes will be moved along the length of
the dike, as required, to minimize excess buildup of ash at
the point of discharge.

An intake structure for the ash sluice water recirculation
system will be located in the southeast corner of the bottom
ash pond. After the ash pond is filled initially, water will
be recirculated to the plant and reused for subsequent sluic-
ing operations. The ash sluice water recirculation structure
is discussed in detail in Section III.B.Z2.

The water level in the bottom ash pond will be maintained at
least 1 foot higher than the water level in the fly ash pond.
An overflow structure into the fly ash pond will be provided
to evacuate storm water and 'blow down" the pond, as required.

Fly Ash Disposal Area

The larger volume of the ash disposal pond will be for storage
of fly ash. Fly ash will be sluiced to the fly ash disposal
area on an intermittent basis. Each generating unit will pro-
duce an average sluice water volume of 295,000 cubic feet per
day.



ASH

DISPOSAL POND OPERATION (Continued)

The fly ash pond will be filled initially to elevation 568.5
using make-up water from the Ohio River. Initially, ome (1)
sluice pipe will extend down the dike slope and discharge at
the bottom of the pond to prevent washing and erosion of the
slope. It will take approximately 30 months to fill the fly
ash pond to normal operating level. Once the pond is filled,
the water will be recirculated. The point of discharge of the
fly ash will be statiomary, as the fly ash will flow and
settle out over a large area of the pond.

A blowdown structure will be provided in the southwest corner
of the fly ash pond to "blow down' the pond, as required
during plant and pond operation, and to drain storm water from
the pond. The blowdown structure will discharge to Ditch B
and then to the Ohio River. The blowdown structure is dis-=
cussed in detail in Sections III.A.3 and III.B.Z2.

Spillway Requirements

Administrative Rule 1501:21-13-03, Spillway Design, General
Requirements, states that every "dam shall have a spillway
system which will safely pass the design flood without endan-—
gering the safety of the dam." The rule also states that the
capacity of the spillway system shall be equal to the peak in—
flow of the design flood, unless the applicant demonstrates by
flood routing procedures that the spillway system will not en-
danger the safety of the dam.

The primary purpose of the proposed ash pond is to provide a
suitable and environmentally acceptable means to dispose of
bottom ash and fly ash accumulated as a result of operation of
the Killen Electric Generating Station. The ash disposal pond
will be constructed in such a manner that runoff from "up~
stream" areas will be diverted around the pond (Section
III.B.3). The only storm water which must be drained from the
pond is direct rainfall on the pond. Thus, the ash pond does
not fall entirely within the general classification of "dikes
and dams" for which the Administrative Rules were intended and
a variance from Rule 1501:21-13-03 was requested.

The blowdown structure will, in general, be designed in ac—
cordance with Rules 1501:21=13-04 (Pipe Conduit Spillways,
General Requirements) and 1501:21~13-05 (Pipe Conduit Spill-
ways, Specific Requirements). The blowdown structure will be
specifically designed to meet the requirements of Part G, Rule
1501:21~-13-04, which states that the pipe conduit shall be of
sufficient size as "to remove from the reservoir within 10
days following passage of the design flood peak at least 80
percent of the water temporarily detained above the elevation
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DISPOSAL POND OPERATION (Continued)

of the primary spillway", or in this case, the blowdown
structure. A detailed description of the blowdown structure
is given in Section III.B.2. Flood routing through the blow=
down structure is discussed in detail in Section V.C.2.

Part F, Rule 1501:21-13-04, states that '"a secondary
(emergency) overflow spillway shall be required except where
specifically exempted by the Chief." Adequate freeboard would
exist within the pond to store the PMS, without discharge
through the blowdown structure. Due to the nature and purpose
of the pond and the fact that the blowdown structure will be
designed to route the PMS from the pond as stated above, a
secondary spillway was considered unnecessary and a variance
from Part F, Rule 1501:21-13-04 was requested. The blowdown
structure will be provided with a hood to prevent floating
material from entering the drain and clogging the discharge
pipe. Access will be provided to the structure for removal of
any debris which may build up around the outside of the
structure.

Drain Requirements

Administrative Rule 1501:21-13-06 required all "dams in Class
I to include a device to permit draining the reservoir within
a reasonable period of time as approved by the Chief." Up-
stream storm runoff will be diverted around the ash pond and
the dikes will not impound any flood water other than that
water which rains directly into the pond (see Section
III.B.3). The storm water which rains directly in the pond
will be routed through the blowdown structure as described in
Section V.C.2. Thus, the ash disposal pond will not be
endangered by any storm water which would require the reser—
voir to be drained.

Also, as previously stated, the primary purpose of the ash
pond will be to dispose of bottom ash and fly ash accumulated
during operation of the Killen Electric Generating Station.
1f this pond were to be drained, the water discharge would not
meet the current State and Federal water quality standards.

In conclusion, the pond will not impound '"upstream" runoff,
and any large discharge from the pond lowering the operating
water level would result in a violation of water quality
standards. Therefore, a drain was not included in the design
of the pond and a variance from Rule 1501:21~-13~06 was
requested.



ASH DISPOSAL POND DESIGN REQUIREMENTS

1.

Ash Pond Dikes and Earth Blanket

Construction of the ash disposal pond will involve building an
earth perimeter impoundment dike and an earth interior divid-

ing dike. The perimeter dike will impound approximately 1903

acre-feet of bottom ash storage capacity and 11,004 acre-feet

of fly ash storage capacity.

The interior dividing dike will separate the bottom ash from
the fly ash within the pond. A description of the ash dis-
posal operation pond is given in Section III.A.

The perimeter dike will be approximately 13,957 feet long and
will average approximately 50 feet in height. The perimeter
dike will attain a maximum height of 87 feet as it crosses
Spring Run in the southwest corner of the ash pond. The crest
of the perimeter dike will be 15 feet wide and will be main-
tained at Elevation 573.0. Both the inside and outside slopes
of the dike will be constructed 2.5 horizontal to 1.0 vertical
from crest down to natural grade. A 15 foot wide berm will be
maintained on the outside face of the perimeter dike at
Elevation 540.0. An approximate 50 foot wide berm will be
held at natural grade at the inside toe of the dike. Existing
grade will be cut back at 2.5 horizontal to 1.0 vertical down
to the bottom of the ash pond (Elevation 492.0 in the bottom
ash pond and 498.0 in the fly ash pond) to provide borrow
material for comstruction of the dikes.

The perimeter dike will be a zoned embankment consisting of an
impervious core and random fill zones on either side of the
core. The central core will be 15 feet wide at an elevation

4 feet below the crest of the dike and will slope at 1.0
horizontal to 1.0 vertical down to existing grade.

A trench key will be used to tie the core into the foundation
materials, where required. The trench key will be used
wherever the perimeter dike crosses existing stream beds and
in areas where the existing grade transverse to the direction
of the dike is sufficiently steep so as to require a trench
key.

Impervious fill material will be used to cap the top 4 feet of
the dike for ease of construction. The embankment fill zones
are shown on a typical cross section of the perimeter dike on
Figure 4.
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ASH DISPOSAL POND DESIGN REQUIREMENTS (Continued)

Drainage ditches will collect runoff from the outside face of
the perimeter dike. The details of these ditches are dis—
cussed in Section III.B.3.

To facilitate construction of the dike in the southwest corner
of the ash pond in the area of Spring Run, a temporary drain
will be installed through the dike foundation. The drain will
consist of a 24-inch diameter corrugated metal pipe with a
silting basin at the upstream end of the pipe and a flap gate
at the downstream end. The pipe will drain the interior of
the ash pond during construction and will be pressure grouted
full with a lean cement-sand grout upon completion of the
dikes. The pipe will be offset from the bottom of the exist—
ing channel, thus allowing for the pipe to be founded in the
original foundation material. Anti-seep collars will be in-
stalled and the pipe will be encased along its entire length
with lean concrete. The normal intake will consist of a metal
riser pipe with a skimmer for trash and debris, while a 24~
inch slide gate with a trash rack will be provided for a low
water inlet. The flap gate will keep trash and debris in the
river from backing up inside the pipe. Also, the flap gate
will prevent the Ohio River from backing up inside the dike
and flooding the excavation during comstruction.

The interior dike separating the bottom ash from the fly ash
will be approximately 1160 feet long and will average 45 feet
in height. The crest of the interior dike will also be 15
feet wide and will be maintained at Elevation 573.0. The
interior dike slopes will be 2.5 horizontal to 1.0 vertical
from the crest down to natural grade and a 50 foot wide berm
will be held at natural grade at the toe of the dike. The
interior dike will be homogeneous embankment constructed of
random fill material borrowed from within the pond. A typical
cross-section of the interior dividing dike is shown on
Figure 4.

A gravel road will be constructed on top of the perimeter and
interior dikes. The road will protect the top of the dikes
from erosion due to rainfall runoff, wave spray, etc., and
provide all-weather access and protection against traffic
wear.

All dike slopes will be grass seeded to protect against
erosion. A six (6) inch cover of topsoil will be placed on
all dike slopes prior to seeding to aid the growth of vege-
tation.
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ASH DISPOSAL POND DESIGN REQUIREMENTS (Continued)

An impervious earth blanket will be installed to protect the
ash pond against seepage, where the existing material is in-
sufficient or the sand and gravel strata have been exposed by
excavation. In general, the earth blanket will consist of
compacted select impervious fill tapered from 6 feet thick at
the toe of the slope of the excavation down to 2 feet thick
some distance toward the center of the ash pond (extent of
blanket depends on length of seepage path to Ohio River). The
impervious earth blanket will be maintained a constant 6 feet
thick in the bottom ash pond. A 6 foot thickness measured
normal to the slope will be put on the side slopes of the
excavation. Excess topsoil stripped during excavation of the
ash pond will be spoiled in the unblanketed central portion of
the fly ash pond.

Appurtenant Dike Structures

Appurtenant structures associated with construction of the ash
disposal pond include the ash sluicing pipes and supports, the
sluice pipe dike crossing structures, the sluice water recir-
culating structure, the bottom ash pond overflow structure,
and the blowdown structure from the fly ash disposal area.
These structures are generally designed in accordance with the
Administrative Rules.

Sluice Pipes and Supports = Bottom ash and pyrites will be
sluiced to the disposal area in two (2) 10-inch diameter pipes
(1 per unit). Fly ash will be sluiced to the fly ash disposal
area in two (2) 8-inch diameter pipes (1 per unit). A common
standby pipe will be provided at each location.

The bottom ash pipes will be elevated to the crest of the dike
by an earth ramp constructed on the outside face of the west
dike of the bottom ash pond. After crossing the dike crest
the sluice pipes will run along the inside crest of the perim-
eter dike. Pipe supports (cradles) will be precast concrete
founded in the upper dike fill. Riprap will be placed at the
discharge points to prevent washing and erosion of the slopes.
One (1) pipe will extend to the bottom of the slope at each
discharge location to prevent washing and erosion of the
slopes during initial filling.

Two other pipes will also discharge into the bottom ash pond.
A 20-inch pipe will carry the combined blowdown from the

Unit 1 and 2 cooling towers, and a 18-inch pipe will convey
effluent from the waste water collection basins. Both pipes
will be buried in the bottom ash pipe ramp and will cross the



ASH DISPOSAL POND DESIGN REQUIREMENTS (Continued)

dike crest beneath the road and the bottom ash pipes. These
two pipes will discharge initially into corrugated metal pipes
which will extend down the inside slope during initial filling
of the pond to prevent washing and erosion. Rip rap will be
placed around the discharge points.

Sluice Pipe Dike Crossing Structures - Sluice pipes will cross

the dike crest in concrete box culverts. The service road on

the crest of dikes will be raised over the culverts. The
bottom ash pipes will cross the bottom ash dike near the
southern end of the west dike. The fly ash pipes will first
cross the south perimeter dike of the bottom ash pond, and
then cross the southern end of the interior dike.

Bottom Ash Pond Overflow Structure - The bottom ash pond over-

flow structure will be located in the crest at the north end
of the interior dike. The overflow structure will be a
rectangular concrete box culvert with steel stop logs to con~
trol flow from the bottom ash to the fly ash pond and to main-
tain the normal operating level of the bottom ash pond at
Elevation 569.5. The stop logs will act as a rectangular wier
to control the flow, with an outlet capacity sufficient to
safely pass the design flood in accordance with the Admini-
strative Rules.

Riprap, placed on a sand filter, will be provided around the
structure to prevent erosion or undermining of the structure.
Special slope protection will be required below the structure
on the fly ash side of the interior dike during initial
filling of the pond. This is required due to the fact that
the bottom ash pond will fill up with sluice water at a
faster rate than the fly ash pond, and the overflow will run
down the slope.

Sluice Water Recirculating Structure = Sluice water from the
bottom ash pond will be recirculated and reused. The intake
structure for the recirculating sytem will be located in the
southeast corner of the bottom ash pond. The intake structure
consists of a vertical circular concrete standpipe located in
the inside slope of the perimeter dike. The intake pipe will
extend from Elevation 565.0 to down below existing grade where
one (1) 36-inch diameter ductile iron pipe will carry the
water beneath the dike (through the foundation materials) and
back to the plant. A protective hood will be installed to
prevent floating debris from entering the intake pipe. A
splitter will be installed in the top of the standpipe to pre-
vent vortexing.

10
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ASH DISPOSAL POND DESIGN REQUIREMENTS (Continued)

Beneath the dike, the ductile iron pipe will be enclosed in a
72-inch diameter corrugated metal pipe. Anti-seep collars
will be installed on the corrugated metal pipe beneath the
dike core. A 36~inch sluice gate will be installed in the
vertical standpipe at the mouth of the ductile iron pipe to
isolate the pipe if required. A footbridge will be con-
structed from the dike crest to the top of the intake stand-
pipe to provide access for operating the sluice gate and to
clear floating debris away from the intake area. The sluice
water will be recirculated to the Killen Station plant area in
a pipe located along the south dike of the bottom ash pond.

Blowdown Structure - The ash pond blowdown structure will be

located in the southwest corner of the fly ash pond. The
blowdown structure will be used to "blow down" the pond, as
required, during plant and ash pond operation and to drain
storm water from the ash pond. The blowdown structure will
discharge into Ditch B. Sufficient land area adjacent to the
dike will be provided for the possible future addition of a pH
neutralization facility to treat blowdown water from the ash
pond before it is discharged into Ditch B. In accordance with
Administrative Rule 1501:21-13-04, Part G, the blowdown
structure will be designed to remove from the reservoir within
10 days at least 80 percent of the water from the PMS tempo~
rarily detained in the reservoir above the elevation of the
primary spillway, or in this case the inlet weir of the blow=
down structure.

The blowdown intake structure will consist of a concrete box
equipped with a weir at Elevation 568.30. The intake will be
founded in the random fill on the inside slope of the
perimeter dike just below the crest. A horizontal 42-inch
diameter reinforced concrete pipe with a flow control gate
will convey the water to a vertical concrete standpipe
(located in the dike core) which will drop the water below

the dike. A 36=inch diameter ductile iron pipe will carry the
water beneath the dike, discharging into an open ditch. Ex-
pansion joints will be provided, where required, to compensate
for potential differential settlement and horizontal spreading
of the dike fill. The ductile iron pipe will be enclosed in a
72-inch diameter corrugated metal pipe. Anti-seep collars
will be installed on the corrugated metal pipe beneath the
dike core. Due to the configuration of the blowdown pipe
system, it will not be subjected to negative pressures.
Cathodic protection will be provided for all metal pipes.

11
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ASH DISPOSAL POND DESIGN REQUIREMENTS (Continued)

3.

An energy dissipating structure will be provided at the dis—
charge end of the 36~inch diameter ductile iron pipe to slow
the flow and prevent erosion of the ditch. Water from the ash
pond will be directed through a Parshall flume (to monitor
discharge) and then empty into Ditch B. A blind flange will
be installed in the wall of the energy dissipating structure
to allow for the possible future addition of the pH neutrali-
zation facility.

A protective hood will be installed around the intake to pre=
vent floating debris from entering the intake. A footbridge
will be constructed from the dike crest to the intake to
provide access to the control gate and to clear floating
debris away from the intake structure.

Site Drainage

Construction of the ash disposal pond dikes will alter the

natural drainage patterns existing in the immediate vicinity
of the pond. TIwo (2) ditches, both starting near the north-
west corner of the ash pond, will be constructed outside the
perimeter dike to divert runoff from "upstream" areas around
the pond and into the Ohio River. These ditches will be de-
signed based on a storm with a 50 year recurrence interval.

One (1) ditch (Ditch A) will be constructed parallel to the
north perimeter dike (between the dike and U.S. Highway 52)
and then curve south, parallelling the east perimeter dike to
the river (see Construction Drawings, Ash Pond Area General
Plan). This ditch will collect runoff from approximately 833
acres north of the highway and from the area east of the pond.
Two drop structures will be constructed near culvert locations
under U.S. Highway 52. All "upstream' water which presently
drains through the ash pond site via Spring Run or its
tributaries will be diverted through the new ditch. Any low
areas remaining between Ditch A and the dike will be filled
and graded to drain. A concrete drop structure will be
required to dissipate the velocity of the water from the
higher ground near the highway down to the lower area where
Ditch A will intercept Spring Run. The ditch will be designed
to carry a maximum flow of 950 cubic feet per second at a
velocity of 3.7 feet per second near the outfall to the river.
A concrete outfall structure will be constructed at the Ohio
River. Riprap or other special protective measures against
erosion will be installed as required. The ditch slopes will
also be seeded to protect against erosion. The center line of
Ditch A will be located approximately 100 feet from the toe of
the north dike and 500 feet from the toe of the east dike so
as not to pose any erosional problems for the ash pond perim-
eter dike.

12



ASH DISPOSAL POND DESIGN REQUIREMENTS (Continued)

The other main ditch (Ditch B) will parallel the west
perimeter dike, approximately 50 to 75 feet from the toe,
draining the area west of the ash disposal pond between the
pond and the power plant. Several low areas will require
filling and grading to drain. Ditch B will be designed to
carry a maximum flow of 198 cubic feet per second (167 cfs due
to the design storm plus 31 cfs from ash pond blowdown
structure during the design storm) at a velocity of 3.5 feet
per second.

The water will pass through culverts beneath the ash disposal
area entrance roads and follow the perimeter dike alignment to
the river. A concrete outfall structure will be required at
the Ohio River. Riprap will be placed along this ditch, where
required, to protect the toe of the dike and the ditch from
possible erosion. The remainder of the ditch will be seeded
to protect the slopes.

Small ditches and downfall gutters will be constructed along
the berm at Elevation 540.0 on the outside face of the
perimeter dike to protect the face of the dike from erosion.
Downfall gutters placed at regular intervals along the berm
will convey water directly to the perimeter ditches, or to
small "collector ditches" along the toe of the dike and then
to the perimeter ditches.

13
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IV. INVESTIGATIVE TECHNIQUES

FIELD INVESTIGATION

1.

General

The subsurface investigation at the Killen Station ash
disposal pond site was conducted in several phases from
November, 1973, to December, 1975. A total of 170 soil test
borings and 16 test pits were used to evaluate the subsurface
profile throughout the proposed ash pond location. Static
falling head field permeability tests were performed in 13 of
the borings. Twenty-two (22) piezometers were installed to
determine existing groundwater elevations.

All field investigative work was performed under the guidance
of Ebasco Services Incorporated. The locations of all borings
and test pits are shown on Figure 2.

The borings and test pits in the ash pond area were ident i~
fied, as follows:

P - Preliminary investigation and detailed plant investi=
gation borings.

A - Detailed investigation borings in ash pond area

D - Borings along proposed docking line

TP ~ Test pits

The results of all boring and sampling procedures are pre-~
sented on Boring and Test Pit Logs in Appendices E and F,
respectively. The Perimeter and Interior Dike Center Line
Profiles, included in the comstruction drawings (Appendix C),
show all borings located within 200 feet of the dike center
lines.

The preliminary investigation at the Killen Station site was
conducted in November and December, 1973. Six (6) borings
were located in or very near the area selected for the ash
disposal pond for Units No. 1 and No. 2. The initial drilling
and sampling was performed by Bowser—Morner Testing
Laboratories, Inc., Dayton, Ohio. All borings were extended
approximately 10 feet into bedrock. Standard penetration
tests were performed at 5 foot intervals from the ground sur-
face to refusal. Ax size cores were obtained to investigate
the refusal materials. Five (5) piezometers were installed to
monitor groundwater levels.

14



FIELD INVESTIGATION (Continued)

The detailed subsurface investigation was conducted between
January and May, 1974. The boring contractor was Buckeye
Drilling Corporation, Columbus, Ohio. During this phase of
the investigation, a total of 107 borings were made in the ash
pond area. A large number of borings were concentrated in the
bottom ash disposal area and in the northerm half of the fly
ash disposal area to locate borrow areas for select sand back-
fill material to support the main plant structures.

Continuous split-spoon sampling was specified in most of the
“A" borings during this phase of investigation to be certain
that the recovered sample was representative of in situ soil
and free from contamination of auger cuttings and other
materials falling back into the hole. Seventeen (17)
piezometers were installed to determine groundwater ele-
vations, particularly in the proposed borrow areas.

In September and October, 1974, and November and December,
1975, fifty-three (53) additional borings were drilled and
sixteen (16) test pits were excavated. The borings were
drilled by Bowser-Morner Testing Laboratories, Inc., Dayton,
Ohio, and the test pits were excavated by UCON Conmstruction
Company, a subsidiary of DP&L. The test pits are discussed
in detail in Section IV.A.4. Split-spoon samples were
generally specified at 5 foot intervals. Thirty-two (32)

relatively undisturbed samples were obtained during the course of

drilling for qualitative laboratory testing. Field per-
meability tests were performed at thirteen (13) boring lo-
cations. The procedures and results of these permeability
tests are discussed in Section III.A.3.

In addition to the "A" and "P" series borings, four (4) "D"
series borings were utilized to provide continuity along the
river front. These borings were drilled along the docking
line in the Ohio River for the plant barge unloading facili-
ties and extend to near the southwest corner of the ash pond.

Boring and Sampling Procedures

The soil test borings were made using a truck-mounted boring
rig. Generally, all borings were advanced using hollow stem
augers, however, some of the "A" borings drilled during the
detailed plant subsurface investigation were advanced using
either "drilling mud" or as "cased borings." Standard pene-
tration tests were performed, as specified, and samples were

15
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FIELD INVESTIGATION (Continued)

retrieved, visually classified, sealed in moisture tight jars
and transported to the laboratory for inspection. The depths
at which these samples were obtained are indicated on the
Boring Logs in Appendix E.

Relatively undisturbed samples were obtained at specified
depths by hydraulically pressing, at a constant rate, 3~inch
OD thin-walled steel tubes. Once the samples were obtained,
the ends of the tube were sealed and the samples were trans-—
ported to the laboratory for possible tests and inspection.
The locations and depths of the undisturbed samples obtained
are shown on the Boring Logs in Appendix E.

Rock coring procedures were used to determine the character
and continuity of the refusal materials. Ax size core was
taken using a hollow double-tube core barrel fitted with a
diamond~studded bit. The core samples retrieved were stored
in wooden core boxes and transported to the laboratory, where
they were classified, and the recovery and rock quality desig-
nation (RQD) were determined. The recovery is the ratio of
the sample length to the depth drilled expressed as a percent.
The KQD is the percentage of the length of hard, sound core
recovered which has core segments 4 or more inches long com=
pared to the total length of the run. Generalized rock
descriptions, percent recovery, RQD values and bit sizes used
are shown on the appropriate boring logs.

Field Permeability Tests

Thirteen (13) field permeability tests were conducted to
determine the permeability of the upper foundation soils
(primarily silts and clays) beneath the perimeter dike. These
tests were performed in boreholes using the static falling
head method. The borehole was first advanced to the desired
depth using a hollow stem auger. A 2-inch diameter PVC pipe
was inserted into the borehole, seated at the bottom, and the
inside of the pipe flushed out. The pipe was filled with
water and the rate of inflow (or fall of water in the pipe)
was measured. The permeability of the upper foundation
materials was estimated on the basis of the flow data from
thege tests. Permeabilities calculated are in the range of
10 = centimeters per second. The results of these tests are
summarized in Table 1.

16
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FIELD INVESTIGATION (Continued)

4,

Test Pits

A total of sixteen (16) test pits were excavated in the ash
pond area in October through December, 1975. Test pits TP-1
through TP-4 were excavated to obtain 50 pound bag samples for
laboratory permeability tests. These test pits were excavated
to a depth of 5 to © feet with a bulldozer, the samples were
obtained, and then transported to the laboratory for testing.

Test Pits TP-5 through TP-16 were excavated at various loca-
tions to verify material types and locations. Test Pits TP-5
through TP~15 were excavated using a bulldozer. The test pits
ranged in size from 75 to 100 feet in length, up to 50 feet
wide, and were from 12 to 15 feet deep. One (1) side was
benched at approximately 5 foot intervals for safety and one
(1) side was maintained vertical. TP-16, located in the soft
bottom of Spring Run Creek, required the use of a backhoe and
was excavated to a depth of 14 to 15 feet. Each test pit was
logged by an Ebasco soils engineer and selected samples were
obtained for grain size analysis. All test pits were back-
filled upon completion of logging and sampling operations.
The test pit locations are shown on Figure 2. The logs for
each test pit are presented in Appendix F.

Clay Test Fill

A clay test fill was constructed prior to the placement of
miscellaneous clay fill material in the Killen Station plant
area. The test fill was used to establish an efficient method
of construction of all eclay fill materials to be used on the
Killen Project, including the select impervious fill material
to be used in the perimeter dike core and the impervious earth
blanket.

In addition to developing compaction procedures, the test fill
was used to determine strength and consolidation characteris=
tics of the fill material. Eighteen (18) relatively
undisturbed samples were obtained from nine (9) borings made
in the test fill, Three (3) triaxial shear tests and eight
(8) unconfined compression tests were performed to develop
strength characteristics of the compacted fill material. Six
(6) consolidation tests were performed to determine consolida-
tion characteristics. The results of these tests are included
in Appendix D. The appropriate strength values selected are
discussed in Section IV.B.2.

17



B. " LABORATOKY INVESTIGATION

1. General

Laboratory tests were conducted on representative undisturbed
and recompacted samples to determine the physical properties
of the soils for strength and settlement evaluation. Typical
compressibility characteristics were determined from the
results of a total of twelve (12) consolidation tests. The
results of eight (8) conmsolidated undrained (CU) triaxial
tests, four (4) unconsolidated-undrained triaxial tests, and
twenty~five (25) unconfined compression tests were used to
develop typical strength parameters of the dike fill and
foundation materials. The results of these tests are included
in Appendix D.

Grain size and Atterberg limits tests were performed to
determine soil classification. Standard Proctor moisture-
density tests were performed to develop typical compaction
characteristics and for correlation with soil strength
parameters. Laboratory permeability tests were performed to
determine permeability coefficients for the dike core
materials. The results of the laboratory permeability tests
are summarized in Table 2.

The laboratory tests performed during the detailed plant sub-
surface investigation were conducted in laboratories at the
University of Illinois, Champaign, I1linois, and at Columbus
Testing Laboratories, Columbus, Ohio. All other laboratory
testing was conducted at Bowser—Morner Laboratories, Dayton,
Ohio. All tests were performed in accordance with the rele-
vant ASTM standards. The laboratory testing program was
initiated and supervised by Ebasco Services Incorporated.

2. Design Strength Parameters

The selection of soil properties and shear strength design
parameters is strongly influenced by the complexity of the
soil profile and the manner in which samples are selected for
testing. Graphical representations of shear strength were
studied along with published values to select design strength
values.

The perimeter and interior dikes (see Typical Sections, Figure
4) will be constructed from borrow materials excavated from
within the ash pond. The dike fill materials comsist of
select impervious fill and random fill material. The select

18



B. LABORATORY INVESTIGATION (Continued)

impervious fill (silt and clay) will be used to construct an
impervious core in the perimeter dike and to blanket the
bottom and sides of the ash pond excavation, where required,
to prevent leaching of the ash sluice water into the ground-
water. The random fill will be used primarily for stability
purposes in the perimeter dike; however, the interior dikes
will be constructed entirely of random fill. Typical
properties of the dike fill and foundation materials are
summarized on Tables 3 and 4.

Triaxial shear tests were conducted on samples of impervious
£ill material at various moisture contents and densities to
determine the effect of moisture content on drained and un~
drained shear strength. These tests were run on both field
and laboratory compacted samples. The results of the tri-
axial tests are presented in Appendix D in the form of Mohr's
Diagrams.

Figures 15 and 16 present a summary of triaxial data for
effective and total strength parameters, respectively. A
range of values and design strength envelopes were selected
for use in design of the perimeter dike. An average cohesion
(C) of 0.25 kips per square foot (ksf) and an internal angle
of friction (@) of 25° were selected for effective stress
analyses, and an average "c" of 1.40 ksf and @ = 14° were
selected for total stress analyses of select impervious fill.

A range of design values for random fill was conservatively
assumed based on tests performed on the various materials at
the site. Cohesion was varied from 0.0 to 1.2 ksf and @ from
16° to 38° for undrained analyses. For drained analyses,

e was assumed to be 0.0 ksf and f = 38°. These values

will be verified during the first stages of construction by
additional strength tests on field compacted samples.

The foundation materials consist of surface silts and clays,

a transition zone of sandy silts and silty sands, and a thick
underlying layer of sand and gravel. The surface silts and
clays that characterize the site vary in thickness but average
approximately 15 feet deep beneath the perimeter dike.

\ A cohesion of 0.50 ksf and @ = 8° was conservatively
selected for total stress analyses (undrained case) of the
dike foundation materials based on the results of triaxial
shear and unconfined compression tests performed on relatively
undisturbed samples. For effective stress analysis (drained
case) of the dike foundation materials, cohesion was assumed
to be 0.0 ksf and ¢ = 35°.
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TABLE 1

FIELD PERMEABILITY TESTS

Boring Depth of Permeability
Numbex Test (ft) (cm/sec)
A-131 10 *
A-131 20 *
A-132 5 *
A-132 15 1.8 x 10,
A-132 20 6.0 x 10
A-134 5 *
A-134 15 * -6
A-134 25 2.4 x 10
A-136 5 ' *
A-136 15 * -6
A-136 25 5.5 x 10
A-138 5 *
A-138 15 Y e
A-138 25 3.9 x 10
A-140 5 *
A=140 20 *
A-141 5 * -7
A-141 35 1.4 x 10
A-143 ) 5 *
A-143 10 *
A-143 20 * e
A=143 28.5 7.8 x 10
A-144 5 ¥, s
A-144 2 3.1 = 107
A-144A 17 2.6 x 103
A-144B 14 2.9 x 10,
A-144C 15 2 % 10
A=146 5 * -7
A-146 15 6.0 x 10-6
A-146 20 1.5 x 10

* Permeability too small to measure.
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TABLE 3

TYPICAL PROPERTIES OF IMPERVIOUS MATERIAL

-
(=

Situ Silt and Clay

=]

Saturated Unit Weight

Submerged Unit Weight

Dry Unit Weight

Natural Moisture Content

Liquid Limit

Plasticity Index

Unconfined Compressive Strength

gg _ 1.5 TSF (Min.)
=22

Cohesion =

Angle of Internal Shear Resistance
Coefficient of Permeability

ow o ~wowvmPbwnH

Compacted Select Impervious Fill

Saturated Unit Weight
Submerged Unit Weight

Dry Unit Weight

Natural Moisture Content
Unconfined Compressive Strength
Cohesion (from Triaxial Tests)
Angle of Internal Frictiom
Coefficient of Permeability

.

o~V W

126 PCF

64 PCF

105 + 8 PCF
20 + percent
36
14
3.2 + 1.7 ISP
1.5 KSF

Bo_gaasumed)
10 cm/sec

~1 L un

1+ +1

133 PCF

71 PCF

112 + 6 PCF

18.5 + 4.5 percent
6.5 + 2 KSF

1.% KSF

14 6

10" ° cm/sec
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TABLE 4

TYPICAL PROPERTIES OF RANDOM MATERIAL

In Situ Sand

Average Relative Density
Saturated Unit Weight
Submerged Unit Weight
Moisture Content

Angle of Internal Fraction
Cohesion

Coefficient of Permeability

Compacted Random Fill Material

Saturated Unit Weight

Submerged Unit Weight

Dry Unit Weight

Natural Moisture Content

Cohesion

Angle of Internal Friction
Coefficient of Permeability (assumed)

65 to 70 percent

120 PCF

107 PCF

12 + 6 percent
359

0 KgF
107~ cm/sec

130 PCF

68 PCF

116 PCF

12 + 6 percent
0 to 1.2 KSF
16°3to 38°

10" ° + cm/sec
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Project Identification

No. DAY~3848~CH-3

EBASCO SERVICES INCORPORATED
EBASCC SPECIFICATION

EXCAVATION, BACKFILL, FILLING AND GRADING

THE DAYTON POWER AND LIGHT COMPANY

PURCHASER: CINCINNATI GAS AND ELECTRIC COMPANY
THE DAYTON POWER AND LIGHT COMPANY
OWNER : CINCINNATI GAS AND ELECTRIC COMPANY
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Ebasco Specification
Excavation, Backfill, Filling and Grading

Project Identification
No. DAY~-3848=-CH~3

1. SCOPE

This specification covers excavation, foundation preparation for plant

area buildings and in the ash disposal area, backfilling for plant area
buildings, construction of the ash pond embankments and filling and grading
in the plant and ash disposal areas as shown on the drawings.

In additiom, the work under this specification shall also include:

a ~ Grubbing, removal and disposal of stumps, roots and organic
material.

b - Storage or disposal of all earth, sand, gravel, rock, boulder,
debris and/or other materials at the locations as directed by
the Owner.

¢ ~ Erecting and maintaining substantial barricades around ex-
cavations where required for safety.

d ~ Backfilling of all unauthorized over—excavations.

e — Care and removal of all surface water, rainwater or ground
water seeping and flowing into the excavations by means of
ditching, damming, pumping or other suitable means approved
by the Owner.

f = The foundation preparation in advance of concrete placement

under the plant buildings.

Z; STANDARDS AND DEFINITIONS

.01 Standards

Equipment and/or services furnished in accordance with this specification
shall comply with all Federal and State laws and local ordinances of the
place of installation and with the following codes to the extent referenced
herein. Unless otherwise noted, the document with addenda, amendments and
revisions in effect on the date of Contract will apply. Later editions

may be used by mutual consent in writing between the Contractor and the
Engineer.

R7



Ebasco Specification
Excavation, Backfill, Filling and Grading

Project Identification
No. DAY-3848~CH-3

25 STANDARDS AND DEFINITIONS (Continued)

.01 Standards (Continued)

This specification includes references to or requirements for meeting or

adhering to certain "Standard Specifications'" or "Tentative Specifications"

of the American Society for Testing and Materials. In those specifica-
tions, the letters "ASTM" or "ASTM Standards" shall mean the latest
revision of those Standard Specifications or Tentative Specifications of
the American Society for Testing and Materials.

a — ASTM D 1140, "Amount of Material in Soils Finer than the
No. 200 Sieve"

b - ASIM D 698 (Method A), "Moisture-Density Relations of Soils,
Using 5.5~1b Rammer and l2~inch Drop"

¢ — ASTM D 1557 (Method C), "Moisture-~Density Relatiomns of Soils,
Using 10~1b Rammer and 18-inch Drop"

d - ASTM D 2216, "Laboratory Determination of Moisture Content of
Soil"

e ~ ASTM D 2167, "Density of Soil in Place by the Rubber-Balloon
Method"

f -~ ASTM D 1556, '"Density of Soil in Place by the Sand-Cone
Method"

g - ASTM D 2922, "Determining the Density of Soil and Soil=-
Aggregate in place by Nuclear Methods (Shallow Depth)"

h ~ Ebasco Specification DAY 3848~CH~2, '"Clearing and Grubbing"

.02 Definitions

a = Owner

In these specifications, the word "Owner" shall mean The
Dayton Power and Light Company.

| r7



Ebasco Specification
Excavation, Backfill, Filling and Grading

Project Identification
No. DAY~-3848~CH~-3

2 STANDARDS AND DEFINITIONS (Continued)
.02 Definitions (Continued)
b - Engineer

In these specifications, the word "Engineer" shall mean Ebasco | g5
Services Incorporated.

¢ — Construction Manager

In these specifications, the word "Construction Manager" shall R7
mean Daniel Construction Company.

d = Contractor

In these specifications, the word "Contractor" shall mean the R7
person(s), partnership, company or corporation under contract
to the Construction Manager to perform work covered by this
specification.

3s EXCAVATION

During the course of all excavation work, extreme care shall be exercised
by the Contractor to preserve and avoid damage to trees, shrubs and all
other vegetation which does not directly hamper work progress. The
Contractor's plans for the dimensions and routes of required access roads
shall be subject to the approval of the Owner and he shall not enter any
designated picnic, camping or recreational areas, except with written
permission of the Owner., The discharge into natural streams or ponds of
gasoline, oil or any other waste material is prohibited.

Adequate barricades shall be erected and maintained around excavations
where required for safety.

Excavation shall consist of the removal, storage and/or disposal of all
Materials required to be removed such as topsoil, clay, sand, gravel, rock
fragments, boulders, soft and disintegrated rock or any other material that
can be effectively removed by normal excavating machinery like scrapers or
bulldozers and if necessary by a D 9 Caterpillar Tractor or equal equipped
with a single tooth ripper.



Ebasco Specification
Excavation, Backfill, Filling and Grading

Project Identification
No. DAY-3848-~CH-3

4. DISPOSITION OF EXCAVATED MATERIAL

.01 Topsoil

Immediately after grubbing and stump removal operations and before general
excavation commences, topsoil shall be removed where and to such a depth as
may be directed by the Engineer. Topsoil is defined as the loamy dark
surface or top layer of soil including fine roots, the herbaceous vegeta-
tion and overlying grass and is characterized by the presence of organic
matter.

The topsoil to be reused shall be stockpiled at convenient Owner approved
locations. Compaction of this soil shall be accomplished by two or three
passes of hauling and spreading equipment. Stockpiles shall be smoothed to
a measurable outline and shall be constructed as directed and approved by
the Owner.

.02 Suitable Excavated Material

Insofar as it is practicable, all suitable materials resulting from open
cut excavations shall be used for permanent construction. Where practi-
cable, materials suitable for use for construction shall be excavated
separately from materials to be wasted. Suitable material shall be segre-
gated by loads during the excavation and shall be placed directly in final
locations or in temporary stockpiles and later placed in the designated
final locations in accordance with the appropriate drawings.

.03 Unsuitable Excavated Material

Excavated materials which are unsuitable for use in accordance with this
specification and the appropriate drawings or which are waste or excess
material not required for construction of dikes, diversion and separating
dikes or fill for the plant area shall be disposed of in waste disposal
areas shown on the drawings or designated by the Owmer.

All waste or excess material shall be disposed of in a manner which will
avoid the necessity of rehandling or the interference with other work. It
shall be spread and graded in uniform layers and compacted by two passes of
crawler-type tractors, smooth rollers or other equipment approved by the
Owner, If disposed of in benches, precautions shall be taken, to the
Owner's satisfaction, to prevent material from rolling downhill. Waste
piles shall be shaped to insure drainage.

R2
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Ebasco Specification
Excavation, Backfill, Filling and Grading

Project Identification
No. DAY-3848~CH-3

25 FILL MATERIAL

Material to be excavated from the plant area and the ash pond borrow areas
and from the stockpile areas that is to be used as compacted fill shall
be as follows.

.01 Select Sand Fill

The sand shall be free of muddy material, organic matter, rubbish, debris,
or other unsuitable materials. It shall have no more than 15 percent of

the material passing the No. 200 sieve. The allowable maximum size of Rl
material shall be 6 inches. The source of this material is from excavation

at borrow area locations in the ash storage area. The select sand fill l R7
shall be primarily used in the main plant area. The actual locations where
the select sand fill is to be used, shall be according to the drawings.

a - The moisture content at time of compaction shall not vary more | R7
than plus or minus 3 percent from the optimum moisture content R1
specified based on modified Proctor tests.

b — Material with a higher moisture content than required for the

specified compaction shall be spread on a dry area and disc- | r7
harrowed to reduce the moisture content by evaporatiom. R1
Material with a lower moisture content than that required for R2

the specified compaction shall be spread and sprinkled with
water, then disc-harrowed until the required moisture content
is attained.

¢ - The area to be backfilled shall be prepared by compacting the
material in-place at the bottom of the excavation to a minimum
density of 95 percent of the maximum obtained in the modified ‘ﬂ“
Proctor Compaction Test (ASTM D 1557 - Method C). Compaction
shall be by means of the same equipment used for the final
compacted fill.
|R7
d - The initial 1ift of the select sand fill material shall serve
as test fill sections where the best combination of equipment, R2
number of passes and in situ testing methods will be estab-
lished by the Engineer to yield the required in-place
densities. R7
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No. DAY-3848-

CH-3

5, FILL MATERIAL (Continued)

.01 Select Sand Fill (Continued)

e -

The select sand material to be used as fill shall be spread
and leveled in layers not to exceed 24 inches thickness before
compaction. Compaction shall be effected by means of a
vibratory drum roller imparting a minimum dynamic force of
72,000 1b, or by other means as approved by the Engineer to
obtain required results. The speed of the rolling equipment
shall not exceed 1.5 miles per hour unless the test fill shows
effective compaction at high speeds as determined by the
Engineer. The rolling and compaction shall be effected by
rolling only in the forward direction unless the equipment 1is
capable of reversing the rotation of the dynamic force when
travelling in the reverse direction.

Any material which fails to meet the specified minimum density
shall be compacted. If the material is too dry to be com-
pacted to minimum required density, it shall be sprinkled with
water before compacting. Material too wet to be compacted to
minimum required density shall be removed and replaced with
new fill.

Any placed material which has become too wet or in any other
way has become unsuitable, shall be disc-harrowed and dried
or at the Engineer's option, removed and replaced with new
fill. Any area from which compacted fill has been stripped
shall be recompacted before nmew fill is placed. All layers
within the width selected for placing shall be compacted to
their full width. No fill shall be placed within 20 feet of
the boundary between material being compacted and the uncom-
pacted material being placed.

Compaction shall be uniform within any one layer over the en-
tire area. The surface of each lift shall be kept reasonably
smooth and free of ridges or ruts, which might affect the com-—
paction of later lifts. Equipment used for hauling shall
follow paths different from each other, to aid compaction,
over the entire area. Placement of new fill on fill compacted
more than 48 hours previously will be treated as placing fill
on the original excavated area. The surface of the area shall
be first cleaned of all loose debris.

R3

R2
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Ebasco Specification
Excavation, Backfill, Filling and Grading

Project Identification
No. DAY-3848-CH-3

5. FILL MATERIAL (Continued)

.01 (Continued)

i - In small areas where it is not possible to reach with large
scale mobile compaction equipment, the fill shall not contain
material larger than 3 inches in size. It shall be compacted
with a mechanical tamper, small vibratory roller, vibratory
plate, or other suitable means to attain required compaction.
These areas shall be compacted to the same minimum compaction
as the rest of the fill and shall be brought up in not greater
than 6 inch lifts. Care shall be taken to insure that the
fill in these areas is integral with the rest of the fill.

j - Slopes of the sections of fill shall be one vertical to two
and one~half horizontal in the excavation proper only. All
permanent exposed slopes shall be one vertical to three
horizontal, unless as noted on the drawings. Where two
sections of fill join, that fill placed earlier shall be cut
back a minimum of 3 feet to a minimum slope of one vertical
to two and one-half horizontal (1:2.5) to expose undisturbed
compacted material.

k - In-Place Density and Testing

i ~ All backfill shall be compacted to a minimum of 95 percent
of the maximum density obtained on the Modified Proctor
Compaction Test (ASTM D 1557 - Method C).

ii - Control tests of densities and moisture contents will be
made by the Engineer as the work progresses, to assure
that required densities and moisture contents are being
achieved.

iii ~ The in-place density shall be tested in accordance with
any of the following: ASTM D 2922, ASTM D 1556 or ASTM
D 2167, to insure that the backfill has been properly
compacted. The Engineer shall allow the use of speedy
moisture tester or equivalent for moisture control in the
field. The decision to allow in situ testing by nuclear
methods shall be made by the Engineer during construction
of the test fill sections. The nuclear method shall be

R1

R7

R7
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Project ldentification

No. DAY-3848~CH-3

5. FILL MATERIAL (Continued)

.01 (Continued)

k = (Continued)

iv

-

correlated to results obtained by methods in accordance
with ASTM D 1556 or ASTM D 2167. The Engineer shall, at
his discretion, allow the nuclear method to control
further compaction activities. Initially, for every ten
(10) field tests performed by the nuclear method, there
shall be one check test by either the sand cone or rubber
balloon method, ASTM D 1556 or ASTM D 2167 respectively.
Once the reliability of the nuclear test method has been
clearly established, the ratio of check tests required may
be decreased to one check test for every 40 tests per-
formed by the nuclear method. The difference between the
results shall not exceed tolerances set by the Engineer.
If the tolerances allowed are exceeded, the Engineer shall
either order more check tests or disallow the use of
nuclear method of testing. There shall be a minimum of
one inplace density test on any day of compaction
activity. A test shall be made in each layer for every
10,000 square feet of compacted fill area and one test for
every area of less than 10,000 square feet placed in one
day. More tests may be run at the discretion of the
Engineer.

When the weather is of such a nature as to endanger the
quality of the fill material being placed, whether this be
due to rain, or any other element of the weather, the
placement of fill shall be halted until the weather con-
ditions are satisfactory. Under no conditions shall fill
be placed during heavy rains.

Any and all questions regarding the borrowing, pre-
paration, placement and protection of the compacted fill
shall be referred to the Engineer. All decisions by the
Engineer regarding the approval of compacted fill, in any
aspect, shall be final. ¢

R7
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Project Identification

No. DAY-3848-CH-3

54 FILL MATERIALS (Continued)

.01 (Continued)

k - (Continued)

vi

For select sand fill, 90 percent of the tests performed in
each 1lift shall have in-place densities equal to or
greater than 95 percent of the maximum density obtained in
the Modified Proctor Compaction Test (ASTM D 1557 - Method
C). The remaining 10 percent of the tests shall have in-
place density in a random distribution throughout the area
not lower than 90 percent of the maximum density obtained
in the laboratory test. The section in any lift of
material of select sand fill not meeting these require-
ments shall be recompacted and retested for compliance.

No new material shall be placed until the underlying lift
has been properly compacted and tested.

The frequency of testing as presented in this section
represents the minimum required. At the discretion of
the Engineer, additional tests will be performed in any
suspicious area of any lift of select sand fill.

.02 Select Impervious Fill

The impervious material shall be free of muddy material, organic matter,
rubbish, debris or other unsuitable materials. The gradation of the
impervious material shall consist of soil particles with a minimum of 95
percent passing through No. 4 sieve and a minimum of 25 percent fines
passing No. 200 sieve. The source of this material is from the plant
island excavation and excavation in ash storage area. The select
impervious fill shall be primarily used for the central core in the
perimeter dikes and in the impervious blanket in the ash storage area. The
actual locations where this fill shall be used, shall be according to the

drawings.

a - The moisture content at the time of compaction shall generally
not vary more than plus 4 to minus 2 percent from optimum
moisture content, based on Standard Proctor Tests. Moisture
content may vary occasionally up to as high as 8 percent above
optimum, provided a minimum 95 percent compaction is achieved

R7

R2

R1

R4

R3



Ebasco Specification
Excavation, Backfill, Filling and Grading

Project Identification

No. DAY~3848~

CH-3

54 FILL MATERIAL (Continued)

.02 Select Impervious Fill (Continued)

a -

(Continued)

based on Standard Proctor Tests. However, at least 90 percent
of the moisture content tests shall be within the established
range of plus 4 to minus 2 percent from optimum, and in no
case shall the moisture content exceed 8 percent above
optimum. Moisture contents between 4 and 8 percent shall be
randomly distributed throughout the fill.

Material with a higher moisture content than required for the
specified compaction shall be spread on a dry area and dried
by harrowing or by discing and aerated prior to placement.
Material with a lower moisture content than that required for
the specified compaction shall have moisture added at the
stockpiles, supplemented as required either by sprinkling the
preceding layer prior to placing new material thereon or by
sprinkling and mixing the new material in place prior to
rolling or by a combination of the two (2) methods.

The area to be backfilled shall be prepared for select im=
pervious material by discing or scarifying so as to loosen the
entire surface to a depth of 2 inches. Water shall be added,
if necessary, to the material at the time of scarifying so
that it shall be within plus or minus 2 percent of optimum
water content for compaction. Immediately after such
scarifying the next layer of material shall be placed over the
base and compacted as specified. The top surface of freshly
placed and rolled layers ordinarily will require no pre-
paration other than moistening ahead of the new layer when the
new material is drier than optimum water content.

The initial lift of the select impervious fill material shall
serve as test sections where the best combination of equip-
ment, number of passes, and in situ testing method will be
established by the Engineer to yield the required in-place
densities.

10
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5.

.02

FILL MATERIAL (Continued)

Select Impervious Fill (Continued)

e -

The select impervious material to be used as a fill shall be
spread and levelled in layers not to exceed 9 inches thickness
before compaction. The rollers to be used for compacting the
select impervious material shall be of the sheepsfoot or
wedgefoot type. Other types of rollers which the Contractor
proposes to use shall be subject to the approval of the
Engineer. In any event the fill shall be so constructed as

to be uniformly dense and to the minimum density requirement.

The dikes shall be constructed to the lines and grades shown
on the drawings and shall be built up in continuous, nearly
horizontal layers. The level of the select impervious fill
shall be maintained at least one (1) lift thickness but no
more than six (6) lift thicknesses (approximately four and
one-half feet) above the level of the adjacent random fill at
all times. Where necessary for construction purposes, long-
itudinal end slopes not steeper than 25 percent will be per-
mitted. Transverse construction slopes on any lift shall not
be steeper than 5 percent. The top of any lift during con—
struction shall be kept slightly crowned transversely for
drainage. The select impervious fill core shall be slightly
overbuilt transversely during construction to ensure complete
compaction of all dike core materials. Prior to the placement
of random fill, the overbuilt core shall be cut back to the
required grade. If the embankment is constructed in stages,
immediately before a later stage of construction is begun,
the fill placed earlier shall be cut back a minimum of three
(3) feet measured normal to the surface and into the previous
stage to expose material that has not been affected by
wetting, drying, erosion, relaxation or frost action.

No material shall be placed in any zone of the dikes that does
not conform to the provisions of this specification without
the permission of the Engineer. Any haul roads constructed on
any zone of the dikes of the Contractor, containing material
that does not conform to the provisions of this specification
shall be removed by the Contractor at his own expense, and
shall be replaced with the material specified for that zone.

11
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Project Identification
No. DAY-3848~CH~-3

e FILL MATERIAL (Continued)

.02 Select Impervious Fill (Continued)

h - Any placed material which has become too wet or in any other
way has become unsuitable, as determined by tests, shall be
dise~harrowed and dried or at the Engineer's option, removed
and replaced with new fill. Any area from which compacted
fill has been stripped shall be recompacted before new fill is
placed. All layers within the width selected for placing
shall be placed within 20 feet of the boundary between
material being compacted and the uncompacted material being
placed.

i = In-Place Density and Testing

i - The select impervious fill shall be compacted to a minimum
of 95 percent of the maximum density obtained in the
Standard Proctor Compaction Test (ASTM D 698 ~ Method A).
Optimum conditions for moisture and density shall be de-
termined by the Engineer for the various impervious
material excavated. The results of tests made during con~
struction shall be made available to the Contractor.

ii - Control tests of densities and moisture contents will be
made by the Engineer as the work progresses, to assure
that the required densities and moisture contents are
being achieved.

iii = The in-place density shall be tested in accordance with
any of the following: ASTM D 2922, ASTM D 1556, ASTM D
2167, to assure that the backfill has been properly com-
pacted. The Engineer shall allow the use of speedy
moisture tester or equivalent for moisture control in the
field. The decision to allow in situ testing by nuclear
methods shall be made by the Engineer during construction
of the test fill section. The nuclear method shall be
correlated to results obtained by methods in accordance
with ASTM D 1556 or ASTM D 2167. The Engineer shall, at
his discretion, allow the nuclear method to control
further compaction activities. Initially, for every 10
field tests performed by the nuclear method, there shall

12
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5. FILL MATERIAL (Continued)

.02 Select Impervious Fill (Continued)

i = (Continued)

iv

be one check test by either the sand cone or rubber
balloon method, ASTM D 1556 or ASTM D 2167, respectively.
Once the reliability of the nuclear test method has been
clearly established, the ratio of check tests required
may be decreased to one check test for every 40 tests
performed by the nuclear method. The difference between
the results shall not exceed tolerances set by the
Engineer. If the tolerances allowed are exceeded, the
Engineer shall either order .more check tests or disallow
the use of nuclear method of testing. There shall be a
minimum of one in-place density test on any day of com=-
paction activity. A test shall be made in each layer for
every 20,000 square feet of compacted fill area and one
test for every area less than 20,000 square feet placed
in one day. More tests may be run at the discretion of
the Engineer.

Sections 5.0lk~iv and 5.01lk~v shall be applicable.

For select impervious fill, 90 percent of the tests per—
formed in each lift shall have in-place densities equal
to or greater than 95 percent of the maximum density
obtained in the Standard Proctor Compaction Test (ASTM D
698 -~ Method A), The remaining 10 percent of the tests
shall have in-place densities in a random distribution
throughout the area not lower than 90 percent of the
maximum density obtained in the laboratory test. The
section in any lift of material of select impervious fill
not meeting these requirements shall be recompacted and
retested for compliance. No new material shall be placed
until the underlying lift has been properly compacted and
tested. The frequency of testing as presented in this
section represents the minimum required. At the dis-
cretion of the Engineer, additional tests will be per-
formed in any suspicious area of any lift of select
impervious fill.

13
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S FILL MATERIAL (Continued)

.03 Random Fill

The random fill material shall be free of muddy material, organic matter,
rubbish, debris, or other unsuitable materials. The random material shall
have no specific gradation requirements, however, the maximum allowable
size of material shall be 6 inches. Random fill shall generally consist of
either existing silty sand or sandy silt material excavated and used with-
out modification, or a blended mixture of clay and sand disced together to
form a homogeneous fill. Random fill shall be used primarily in the ash
pond embankments and for general raising of plant grade. Random fill shall
be placed as shown on the drawings or where directed by the Engineer.

a ~ The moisture content at the time of compaction shall generally
not vary more than plus 4 to minus 2 percent from optimum
moisture content, based on Standard Proctor Tests. Moisture
content may vary occasionally up to as high as 8 percent above
optimum, provided a minimum 95 percent compaction is achieved
based on Standard Proctor Tests. At least 90 percent of the
moisture content tests shall be within the established range
of plus 4 to minus 2 percent from optimum, and in no case
shall the moisture content exceed 8 percent above optimum.
Moisture contents between 4 and 8 percent shall be randomly
distributed throughout the fill.

b — Material with a higher moisture content than required for the
specified compaction shall be spread on a dry area and dried
by harrowing or discing and aerated prior to placement.
Material with a lower moisture content than that required for
the specified compaction shall be spread and sprinkled with
water, supplemented as required by sprinkling the preceding
layer prior to placing new material, then disc~harrowed until
the required moisture content is attained.

¢ - Prior to the placement of random fill material, the foundation
shall be prepared by discing and scarifying so as to loosen
the entire surface to a depth of 2 inches. Water shall be
added to the foundation material, if required, so that it
shall be within plus or minus 2 percent of optimum moisture
content at the time of compaction. Immediately after such
scarifying the next layer of material shall be placed and
compacted as specified.

14
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=18

.03

d -

FILL MATERIAL (Continued)

Random Fill (Continued)

The initial 1ift of the random fill material shall serve as
test sections where the best combination of equipment, number
of passes, and in situ testing methods will be established by
the Engineer to yield the required in-place densities.

The random material to be used as fill shall be spread and
levelled in layers not to exceed 9 inches thickness before
compaction. The rollers to be used for compaction shall be
the wedgefoot or vibratory steel wheel type. The vibratory
roller, if used, shall impart a minimum dynamic force of
40,000 ft-1b. Other types of rollers which the contractor
may propose to use shall be subject to the approval of the
Engineer. Compaction shall be accomplished with a minimum of
eight (8) roller passes at a speed not to exceed four (4)
miles per hour. The fill shall be constructed so as to be
uniformly dense and to the minimum density requirements.

Any material which fails to meet the specified minimum density
shall be recompacted. If the material is too dry to be com-
pacted to the minimum required density, it shall be sprinkled
with water before recompacting. Material too wet to be com-
pacted to the minimum required density shall be removed and
replaced with new fill.

Any material previously placed which has become too wet or in

any other way has become unsuitable shall be disc~harrowed andl

dried, or at the Engineer's option, removed and replaced with
new fill. Any area from which compacted fill has been
stripped shall be recompacted before new fill is placed. All
layers within the width selected for placing shall be com-
pacted to their full width.

The dikes shall be constructed to the lines and grades shown
on the drawings and shall be built up in continuous, nearly
horizontal layers. The level of the random fill shall be
maintained at least ome (1) but no more than six (6) 1lift
thicknesses (approximately four and one-~half feet) below the
ad jacent select impervious fill at all times. Where necessary
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Ebasco Specification
Excavation, Backfill, Filling and Grading

Project Identification
No. DAY-3848-CH~-3

5. FILL MATERIAL (Continued)

.03 Random Fill (Continued)
h ~ (Continued)

for construction purposes, longitudinal end slopes not steeper
than 25 percent will be permitted. Transverse construction
slopes on any lift shall not be steeper than 5 percent. The
top of any lift during construction shall be graded trans-
versely for drainage. If the embankment is comstructed in
stages, in the longitudinal direction, immediately before a
later stage of construction is begun, the fill placed earlier
shall be cut back a minimum of 3 feet measured normal to the
surface and into the previous stage to expose material that
has not been affected by wetting, drying, erosion, relaxation,
or frost action.

1 ~ In-Place Density and Testing

i = The random fill shall be compacted to a minimum of 95
percent of the maximum density obtained in the
Standard Proctor Compaction Test (ASTM D 698 ~ Method
A). Optimum conditions for moisture and density shall
be determined by the Engineer for the various random
materials excavated. The results of tests made during
construction shall be made available to the Con=
tractor.

ii = Control tests of densities and moisture content will
be made by the Engineer as the work progresses, to
assure that required densities and moisture contents
are being achieved.

iii ~ The in-place density shall be tested in accordance
with any of the folowing: ASTM D 2922, ASTM D 1556,
or ASTM D 2167 to assure that the backfill has been
properly compacted. The Engineer shall allow the use
of speedy moisture tester or equivalent for moistue
content in the field. The decision to allow in situ
testing by nuclear methods shall be made by the
Engineer during construction of the test fill
sections. The nuclear method shall be correlated to
results obtained by methods in accordance with
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Ebasco Specification
Excavation, Backfill, Filling and Grading

Project Identification

No. DAY-3848~CH-3

Sie FILL MATERIAL (Continued)

.03 Random Fill (Continued)

i = (Continued)

iii = (Continued)

iv

ASTM D 1956 or ASTM D 2167. The Engineer shall, at his
discretion, allow the nuclear method to control further
compaction activities. Initially, for every 10 field
tests performed by the nuclear method, there shall be

one check test by either the sand cone or rubber balloon
method, ASTM D 1556 or ASTM D 2167, respectively. Once
the reliability of the nuclear test method has been
established, the ratio of check tests required may be in-
creased to one check test for every 40 tests performed by
the nuclear method. The difference between the results
shall not exceed tolerances set by the Engineer. If the
tolerances allowed are exceeded, the Engineer shall either
order more check tests or disallow the use of nuclear
method of testing. There shall be a minimum of one in-
place density test on any day of compaction activity. A
test shall be made in each layer for every 20,000 square
feet of compacted fill area and one test for every area of
less than 20,000 square feet placed in one day. More

tess may be run at the discretion of the Engineer.

The requirements of Section 5.0lk-iv and 5.01k~v shall
also apply for random fill material.

When blended random fill is tested in the laboratory,
samples shall be prepared by compacting material exactly
as it was obtained from the field, without further blend-
ing as specified in ASTM D 698~70. Care shall be
exercised in preparing samples for moisture content de=~
termination to ensure that large clay balls of high
moisture content are not tested with disproportionate
amounts of dryer sand, thus resulting in incorrect total
moisture values for the entire sample and false corre-
lations with the in-place density tests.
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Ebasco Specification
Excavation, Backfill, Filling and Grading

Project Identification

No. DAY-3848~

CH-3

5. FILL MATERIAL (Continued)

.04 Miscellaneous Clay Fill

The required

properties and source of this material shall be same as for

select impervious fill. The miscellaneous clay fill shall be primarily

used in coal

storage areas, and for general raising of the plant grade.

The final location of this fill to be used shall be according to the

drawings.

a ~

The average moisture content for the miscellaneous clay fill
material may vary from an average of plus 6 to minus 2 per=-
cent from optimum. The absolute maximum measured moisture
content for this material shall not exceed 8 percent above
optimum.

The requirements of sections 5.02b through 5.02e and 5.02h-i
through 5.02h=iv shall also apply for miscellaneous clay fill.

For miscellaneous clay fill, 80 percent of the tests performed
in each 1ift shall have in-place densities equal to or greater
than 95 percent of the maximum density obtained in the
Standard Proctor Compaction Test (ASTM D 698 ~ Method A). The
remaining 20 percent of the tests shall have in-place den-—
sities in a random distribution throughout the area not lower
than 90 percent of the maximum density obtained in the lab-
oratory test. Any section in any lift of material of miscel~-
laneous clay fill not meeting these requirements shall be
recompacted and retested for compliance. No new material
shall be placed until the underlying lift has been properly
compacted and tested.

A test shall be made in each layer for every 20,000 square
feet of compacted fill area and one test for every area less
than 20,000 square feet placed in one day.

The frequency of testing as presented in this section repre-
sents the minimum required. At the discretion of the
Engineer, additional tests will be performed in any suspicious
area of any lift of miscellaneous clay fill.
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Ebasco Specification
Excavation, Backfill, Filling and Grading

Project Identification
No. DAY-3848-CH~-3

5, FILL MATERIAL (Continued)

.05 Spoil Fill (Topsoil)

Spoil fill shall consist of the topsoil stripped according to Section 4.01
of this specification, and wasted material obtained during select sand or
select impervious fill excavation operations and any other material
directed to be used by the Engineer.

a - Topsoil shall be placed on all dike slopes as shown on the
drawings upon completion of grading operations of the dike
fill. All excess topsoil stripped in the ash disposal area
shall be spoiled in the unblanketed central portion of the fly
ash disposal area.

b -~ Compaction of topsoil shall be accomplished by two (2) or
three (3) passes of the hauling and spreading equipment. Com~
paction shall be sufficient to maintain the material in place
on the slopes, but at the same time allow vegetation to take

root.
6. QUALITY PROGRAM - SOILS CONTROL
.01 This section establishes a program and methods for soils control

to assure that controlled compacted backfill and miscellaneous backfills
comply with design requirements and this specification, and to assure that
appropriate records and current reports on technical aspects of this work
are prepared.

The soils control activities will be performed primarily in five areas of
the project. The five major areas will be the borrow area, stockpile area,
the plant area compacted backfill, the ash disposal area, and the soils
laboratory. The activities performed in each of these areas will be
integrated, and records will be maintained to make the program of soils
control complete. Reports of this work will be issued periodically.

The Soils Control Personnel of the project will consist of a Quality

Control Engineer~Soils and Laboratory Technicians working as a unit to form
the Field Inspection and Quality Control Force.
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Ebasco Specification
Excavation, Backfill, Filling and Grading

Project Identification

No. DAY-3848~CH-3

6.

QUALITY

PROGRAM ~ SOILS CONTROL (Continued)

The activities of the Soils Control Personnel shall include;

a - Borrow-Stockpile Areas

i -

it =

Inspection of the preparation of stockpile areas, and the
disposal of borrow area spoil.

Inspect, sample and test the designated borrow area

materials to assure a constant source of suitable
materials as defined by the specifications.

b - Plant Area Compacted Backfill

i -

4 W

ifi =

Inspect all of the prepared foundations to be sure of
proper compaction and that the contact surfaces have
been properly prepared.

Inspect to ensure that oversize rocks are removed from the
fill in compliance with the specifications for the various
areds.

Inspect, éample, and test to ensure that the backfill
material is compacted at the established optimum moisture
content.

Inspect to ensure that the coverage and the number of
passes made with the compactor are consistent with the
number established during the test fills to obtain the
maximum density.

Inspect and test the density of the compacted backfill
with field density tests.

Make daily inspection logs.

Disposal Area

Inspect all of the prepared embankment foundations to be R7
sure of proper compaction and that the contact surfaces
have been properly prepared.
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Ebasco Specification
Excavation, Backfill, Filling and Grading

Project Identification
No. DAY-3848~-CH-3

6.

QUALITY

PROGRAM ~ SOILS CONTROL (Continued)

(Continued)

¢ - (Continued)

11 =

it

iv -

vii -

Inspect to ensure the fill material is placed in lifts
in compliance with the specifications and that no unsuit-
able material is placed in fill areas.

Inspect to ensure that oversize rocks are removed from the
embankment fill in compliance with the specifications for
the various areas.

Inspect, sample, and test to ensure that the fill material
is compacted at the established optimum moisture content.

Inspect to ensure that the coverage and the number of
passes made with the compactor are comsistent with the
number established during the test fills to obtain the
maximum density.

Inspect and test the density of the compacted backfill
with field density tests.

Make daily inspection logs.

d - Soils Laboratory

i -

e K

Test the materials to be used as backfill to determine
their suitability; materials shall be sampled from both
the stockpile and the excavation areas. Mechanical
Analysis and Compaction Tests shall be performed to deter-
mine the moisture-density relationships with respect to
the Modified or Standard Compaction Tests as specified.

Perform Mechanical Analysis Tests (including Moisture

Content Determinations) on the materials from the work
points in the borrow and stockpile areas to determine

their suitability for use in the compacted backfill.
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Ebasco Specification
Excavation, Backfill, Filling and Grading

Project Identification
No. DAY-3848~CH-3

6. QUALITY PROGRAM = SOILS CONTROL (Continued)

.02 (Continued)

d = (Continued)

iii

iv

Test the materials being placed as the "test fill" in
the backfill areas to establish the optimum number of
passes of the compactor to obtain the required density.

Perform Field Density and Mechanical Analysis Tests on
materials from the compacted backfill to assure the
suitability of the materials and their compaction.

v Keep records of all the field and laboratory tests per-
formed and prepare summaries of the test results.

vi = Make the necessary reports for the Construction Superin-
tendent, Engineer and Quality Control as defined by this
specification.

.03 Duties and responsibilities of field personnel shall be as
follows:

a - The Quality Control Engineer-Soils shall spend a major
portion of his time observing the actual backfilling
operations and ascertain that all work is performed in
accordance with the plans and specifications, and to see that
such field tests are performed as are necessary for reports
and guidance of the Contractor's forces. The Quality Control
Engineer-Soils does not have the authority nor will he be
permitted to qualify the specifications in any way.

i ~ He shall be familiar with the plans, specifications, and

contents of this program and shall be governed by them.

ii - He shall examine equipment to ascertain compliance with

specifications. If this manual is in conflict with the
specifications, the specification requirement shall
govern.
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Ebasco Specification
Excavation, Backfill, Filling and Grading

Project Identification
No. DAY-3848~CH-3

6.

.03

QUALITY PROGRAM - SOILS CONTROL (Continued)

(Continued)

a = (Continued)

iii

iv

vi

vii

viii

He shall be on duty during his entire working shift and
shall observe all construction operations within his
province.

He shall see that all the work is executed in full accor-
dance with the plans and specifications and shall have
authority to stop construction that is not. If defective
materials have been placed, he shall require their
removal.

He shall have the Soils Laboratory perform any field or
laboratory tests necessary to assure compliance with
specifications.

He shall transmit to those persons relieving him all
current instructions received and other information

pertinent to the work.

He shall prepare and render daily reports of all work
performed to the Engineer.

He shall maintain a diary with each daily entry signed

or initialed by him. The diary shall be marked, numbered

and filed as part of the permanent records of the project.

The diary shall show the following information:

(1) Data and weather conditions.

(2) Work of the Quality Control Engineer-Soils R7
(3) Construction work accomplished.

(4) Construction crew and equipment.

(5) Instructions given to the Contractor and important

conversations with the Contractor relative to progress
or other details of the project.
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Ebasco Specification
Excavation, Backfill, Filling and Grading

Project Identification

No. DAY-3848-CH-3

6. QUALITY PROGRAM = SOILS CONTROL (Continued)

.03 (Continued)

a - (Continued)

viii=

(Continued)
(6) Examinations, discussions, and decisioms.

(7) Other matters of importance.

ix - He shall inspect the foundation of the compacted backfill

to insure that the moisture content of the foundation
areas is consistent with the optimum criteria, and that
the foundation has been compacted to the required density.

x - He shall see that only materials meeting the specifi-

cations of the compacted backfill are taken from the
borrow areas and stockpiled, if required, or if at the
optimum moisture content used directly in the fill area.

xi - The compacted backfill will be constructed in accordance

with the specifications and controlled by the compaction
criteria established. It shall be the duty of the Quality
Control Engineer-Soils to check and/or direct the
following:

(1) That the moisture content is consistent with the
established optimum.

(2) That all oversize rocks are removed from the fill
material in compliance with the requirements of this
specification.

(3) That the number of passes made with the compactor is
consistent with the number of passes and coverage
established for required demsity during the con—
struction of the test fills.

24

R7



Ebasco Specification
Excavation, Backfill, Filling and Grading

Project Identification
No. DAY-3848-CH-3

6. QUALITY PROGRAM - SOILS CONTROL (Continued)

.03 (Continued)
a = (Continued)
xi ~ (Continued)

(4) That the Contractor generally performs in a work-~
manlike manner:

(a) Foundations reasonably level prior to placement
of backfill.

(b) Place backfill in the proper sequence.

(c) That the lift thickness is in accordance with
specifications and that the top of each lift is
reasonably level before compaction.

(d) That compaction equipment conforms with the
specifications or equivalent, established during
early placements as test fills.

(5) He shall have the soils laboratory under jurisdiction.

(6) He shall designate the location at which tests will be
run.

b - The purpose of the soils laboratory is to perform the actual
field density tests and to conduct routine tests on the
material in the compacted backfill and borrow areas to be
certain of compliance with the contract specifications.

It shall be the function of the laboratory staff under the
jurisdiction of the Quality Control Engineer—Soils to per-— R7
form all the required tests in a competent and accurate

manner, to keet accurate records, to assemble and summarize

daily logs and records, and to compile all field laboratory

data for a weekly report.
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Ebasco Specification
Excavation, Backfill, Filling and Grading

Project Identification
No. DAY-3848~CH~3

6. QUALITY PROGRAM ~ SOILS CONTROL (Continued)

.03 (Continued)

b ~ (Continued)

The soils laboratory will perform all tests required by the

Quality Control Engineer-Soils. All test locations will ] R7
be selected by the laboratory personnel, as directed by the

Quality Control Engineer-Soils. R7
i - Compacted Backfill And Ash Disposal Areas | R7

ii

The frequency of sampling for field density tests will be
based on this specification. Additional laboratory
testing relative to field density testing shall include
Mechanical Grain Size Analysis, and Modified and Standard
Proctor Compaction Tests. These tests shall be used to
establish eriteria for percent compaction. During con~-
struction of the test fills and during borrow area testing
Prior to and concurrent with fill placement, a family of
curves should be derived for the various materials en~
countered in order to minimize compaction tests. RS
Initially, one set of laboratory tests (grain size and
compaction) shall be performed for every ten field tests.
As familiarity is gained with the borrow materials, this
ratio may be increased to one set of laboratory tests
(grain size and compaction) for every 40 field tests.

Sand cone, rubber balloon, and nuclear test methods shall
be used as previously specified to determine in-place
densities.

Borrow Stockpile Areas

During the construction period it shall be the duty of the
laboratory personnel to sample and perform laboratory

tests on materials from the borrow and stockpile areas as
directed by the Quality Control Engineer-Soils. This | R7
will be necessary to assure a constant supply of suitable
materials for the backfill at all times.
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TRIAXTAL TEST RESULTS
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NORHAL STRESS (¥SF)

CONSOL IDATED-UNDRAINED TRIAXIAL SHEAR TEST

WITH PORE PRESSURE MEASUREMENTS

e

TOTAYT, STRESS PARAMETERS:
"Cohesion", C 0 ksf

Angle of Shear Resistance, ¢ 30° -

EFFECTIVE STRESS PARAMETERS:
"Cohesion", C' 0.26 ksf

Angle of Shear Resistance, ' 37.5°

UNIT WEIGHT, ¥ 108.1 PCF (Drv)

INTITTAT. MOISTURE CONTENT, w 18.27%

—
r'm
(Vg
—
—

SAMPLE TYPE-

DEPTH

MATERTAT

LOCATION

UD

0-2 Ft.

SAMNDY CLAYEY

SILT

MISC. CLAY

FILL
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CONSOL IDATED-UNDRAINED TRIAXIAL SHEAR TEST

WITH PORE PRESSURE MEASUREMENTS

TOTAL STRESS PARAMETERS: ' SAMPLE TYPE UD

“Cohesion", C 0.70 KSF_ i DEPTH 0-2 ft,
| {nglg of Shear Resistance, ¢ 220 . . MATERTAL __SANDY CLAYEY
EFFECTIVE STRESS PARAMETERS ~ - _ SILT

"Cohesion", C' 0.60 KSF LOCATION _MISC. CLAY FILL

Angle of Shear Resistance, ¢' 320 . '
Unit Weight, 4 _ 104.5 PCF_(Dry)

In:l.til,‘ Moisture Content, . _ 20.3% '

TEST 2



MOHR DIAGRAM

DEVIATOR STRESS (KSF)

e

L soa]

- LEGEND
TOTAL STRESS

= = = = EFFECTIVE STRESS

¢'= 31.5°

¢= 11.5°

i |

3 4 5 6

'NORMAL STRESS (KSF)

L]

11 12 13

CONSOL IDATED-UNDRAINED TRIAXIAL SHEAR TEST

WITH PORE PRESSURE MEASUREMENTS

TOTAL STRESS PARAMETERS: - -
"Cohesion'", C 1.00 RSF
Angle of Shear Resistance, ¢ 11.5°

SAMPLE TYPE
"

_LAB COMPACTED

EFFECTIVE STRESS PARAMETERS:
“"Cohesion', C' 0,10 KSF o
Angle of Shear Resistance, ¢'__ 31.5

SANDY CLAYEY

MATERTAL

LOCATION

Unit Weight, vy __112.8 PCF (Dry)

SILT

Initial Moisture Content, 17.67%

TEST. 3

MISC. CLAY FILL
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‘ ¢' = 26,5°

¢ = 11°

0 1 2 3 4 5 6

NORMAL STRESS (KSF)

CONSOL [DATED-UNDRA INED TRIAXIAL SHEAR TEST

TOTAL STRESS PARAMETERS:
© "Cohesion", C 1.25 RSP

EFFECTIVE STRESS PARAMETERS :
"Cohesion", (' 0.60 KSF

Unit Weight,. 4 113.6 PCF__ (Dry)

Angle of Shear Resistance, 11°

.Angle of Shear Resistance, ¢' _26.5°

TEST UL

Initial Moisture Content, -, 19.0%

WITH PORE PRESSURE MEASUREMENTS

SAMPLE TYPE _LAB COMPACTED

DEPTH

MATERIAL SANDY CLAYEY
_ SILT

LOCATION

MISC. CLAY FILL.




DEVIATOR STRESS (KSF)

. MOHR DIAGRAM

TOTAL STRESS
EFFECTIVE STRESS

from

o= 3,5°

 Angle of Shear Resistance,

¥ L}
1 2 3 4 5 6 7 8

9 10 11 12 13 14 15 16 17 18
NORMAL STRESS (KSF)

CONSOL | DATED-UNDRA INED TRIAXIAL SHEAR TEST

WITH PORE PRESSURE MEASUREMENTS

TOTAL STRESS PARAMETERS: _
“Cohesion", C 1.70 KSF

EFFECTIVE STRESS PARAMETERS:
"“Cohesion", C' 0.0 KSF
Angle of Shear Resistance, ¢'

Unit Weight, 107.7 PCF (Dry)

3.5

38,59

Initial Moisture Content,

TEST 5

. 23,0%

SAMPLE TYPE __ LAB COMPACTED

DEPTH —
MATERIAL SANDY CLAYEY
SILT
MISC. CLAY FILL

LOCATION |



DEVIATOR STRESS (KSF)

MOHR DIAGRAM

N7 N\

'NORMAL STRESS (KSF)

UNCONSOL IDATED-UNDRAINED TRIAXIAL SHEAR TEST

TOTAL STRESS PARAMETERS:

"Cohesion", C 0.55 KSF
‘Angle of Shear Resistance, ¢ _ 3°
Unit Weight, « _111.0 PCF_ (Dry)

Initial Moisture Content, 19,47 -

 TEST 6

SAMPLE TYPE  LAB COMPACTED

DEPTH ° | —
MATERIAL SANDY CLAYEY SILT

LOCATION MISC. CLAY FILL
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DEVIATOR STRESS (KSF)
w -~

MOHR DIAGRAM

Ln

LEGEND
TOTAL. STRESS

==eme—— EFFECTIVE STRESS

NORMAL STRESS (KSF)

CONSOLIDATED - UNDRAINED TRIAXIAL SHEAR TEST

WITH PORE PRESSURE MEASUREMENTS

TOTAL STRESS PARAMETERS:
"Cohesion'", C 0.30 KSF _ o
Angle of Shear Resistance, § 24

EFFECTIVE STRESS PARAMETERS:
"Cohesion', C' 0.20 RSF = o
Angle of Shear Resistance, #' 41.5

Onit Weight, <y 106.8 PCF (DRY)
Initial Moisture Content,w _ 15.7% -

TEST 7

SAMPLE TYPE UD
DEPTH 0-2 Ft
MATERIAL, Sandy Clavey Silt

LOCATION CLAY TEST FILL
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NORMAL STRESS (KSF)

CONSOL IDATED - UNDRAINED TRIAXIAL SHEAR TEST
WITH PORE PRESSURE MEASUREMENTS

TOTAL STRESS PARAMETERS:
"Cohesion'", C 2.40 RSF o
Angle of Shear Resistance, §§ 9

EFFECTIVE STRESS PARAMETERS:
"Cohesion', C' 0.55 KSF o
Angle of Shear Resistance, fi' 34.5

Unit Weight, v _107.8 PCF (DRY)

_ INITIAL MOISTURE CONTENT, « _16.8%

TEST 8

SAMPLE TYPE _ UD

DEPTH _2-4 Ft
MATERIAL Sandy Silty Clay

LOCATION

CLAY TEST FILL
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NORMAL STRESS (KSF)

UNCONSOL IDATED - UNDRAINED TRIAXIAL SHEAR TEST

TOTAL STRESS PARAMETERS: SAMPLE TYPE LAB COMPACTED

“Cohesion", ¢ 1,30 KSF _
Angle of Shear Resistance, § 38° DEPTH -

Unit Weight,  106.1 PCF(DRY) VATERIAL Sandy Silty Clay
INITIAL MOISTURE CONTENT, w _15.9%

- LOCATION _ CLAY TEST FILL

TEST 9

18 19
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NORMAL STRESS (KSF)

CONSOL IDATED-UNDRAINED TRIAXIAL SHEAR TEST
WITH PORE PRESSURE MEASUREMENTS

TOTAL STRESS PARAMETERS: SAMPLE TYPE UD
"Cohesion", C 1.50 KSF
Angle of Shear Resistance, § 13° DEPTH 5-7 Ft.
EFFECTIVE STRESS PARAMETERS: MATERTAL Brown Silt, Some Clay

"Cohesion", C' 0.0 KSF
Angle of Shear Resistance, @' 36° .

' UNIT WEIGHT,?¥ 105.9 PCF (Dry)

INITIAL MOISTURE CONTENT,w 17.5%

TEST

LOCATION

10

Some Sand’

" Boring A-129




MOHR DIAGRAM

/ ¢ =17.5°
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NORMAL STRESS (KSF)
UNCONSOL IDATED-UNDRAINED TRIAXIAL SHEAR TEST

TOTAL STRESS PARAMETERS:
"Cohesion'", C 0.50 KSF

Angle of Shear Resistance, § 17.5°

UNIT WEIGHT, ¥ 105.9 PCF (Dry)

SAMPLE TYPE UD
DEPTH . 18-20 Ft.
MATERIAL  Brown Silt and Sand,

INITIAL MOISTURE CONTENT,w 20.77%

LOCATION

TEST 11

Trace of Clay

Boring A-135
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NORMAL STRESS (KSF) :
UNCONSOL IDATED-UNDRAINED TRIAXIAL SHEAR TEST

TOTAL STRESS PARAMETERS
"Cohesion", C 0.80 KSF
Angle of Shear Resistance, ¢ 1.5°

UNIT WEIGHT,<y 91.5 PCF (Dry)

INITIAL MOISTURE CONTENT, w 30.0%

TEST

12

SAMPLE TYPE UD

DEPTH . 18.5-20.5

MATERIAL Brown and Gray Clay,

Some Silt, Trace of
Sand

LOCATION Boring A-142




UNCONFINED COMPRESSIVE STRENGTH

TEST RESULTS



UNCONFINED COMPRESSION TEST

Project:

Boring No:
Sample No:
Surface Elevation:
Depth Interval of Sample:
Depth Interval of Strata:

Depth of Interval of Test Sample:

Sample Recovery:
SPECIMEN DATA

Initial Diameter
Initial Height

Test Specimen Weight
Moisture Content

Wet Unit Weight

Dry Unit Weight

Unconfined Compress ion Strength

Load Increment at Failure
Height at Failure

Test Method

Soil Classification

KILLEN STATION - TEST FILL

A3
1C
Not Taken
0.0 - 2.,0°
0.0 - 2.8°
0.5 - 1.0
17"

2.,843"

5,188"

2,32 l1bs.
15.9%

121.,9 pcf
105.2 pcf
5670 psf
258,8 1bs,
5.,013"
ASTM-D2166-66

Brown Silt, some Clay, some Sand, trace of Gravel

FAILURE SKETCH

500 Fr TR T T B T TIET -
400 e
B .-.70 b -
__";ﬁi
‘_ AN ,)/_:Z ; - [~ A
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T 300
=
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4 200
' — b \
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0.000 0.050 0.100 0.150 0.200 0.250

Deformation in Inches
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UNCONFINED COMPRESSION TEST

Project: KILLEN STATION - TEST FILL
Boring No: A2
Sample No: 1C
Surface Elevation: Not Taken
Depth Interval of Sample: 0.0 -~ 2,0*
Depth Interval of Strata: 0.0 - 3.2'
Depth of Interval of Test Sample: 0.5 - 0.9'
Sample Recovery: 17

' =
SPECIMEN DATA
Initial Diameter 2.843"
Initial Height 5.062"
Test Specimen Weight 2,27 1bs,
Moisture Content 15,9%
Wet Unit Weight 122,7 pcf
Dry Unit Weight 105.9 pef
Unconfined Compression Strength 6360 psf
Load Increment at Failure 286.2 1bs.
Height at Failure 4 ,962"

Test Method
Soil Classification

ASTM-D2166-66
Brown Silt, some Clay, some Sand

FAILURE SKETCH

500

400

300

/'

Bz,

I/".

Load in Pounds
AN

200 ;

100 /

0.000 0.050

0.100

0.150 0.200

Deformation in Inches

II1-27

0.250
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Project:

Boring No:
Sample No:
Surface Elcvation:

Depth Interval of Sample:

UNCONFINED COMPRESSION TEST

KILLEN STATION - TEST FILL

Depth Interval of Strata:
Depth of Interval of Test Sample: 0.8 - 1,3'
Sample Recovery:

SPECIMEN DATA

Initial Diameter
Initial Height
Test Specimen Weight
Moisture Content
Wet Unit Weight
Dry Unit Weight
Unconfined Compression Strength 8140 psf

Load Increment at Failure

Height at Failure
Test Method
Soil Classification

300

200

Load in Pounds

500

B2
1C
Not Taken
0.0 - 2,0'
0.0 - 3.37

27"

2.,843"
5.531"
2,55 1bs,
17.1%
125,6 pcf
107 .3 pef

365.4 1bs,
5.431"
ASTM-D2166-66

Brown Silt, some Clay, some Sand

FAILURE SKETCH

400,

P4

R

I!_T“'!l-..“__

100

0.0

o

2

0

0:100 0.150

Deformation in Inches
ITI-29

0.200

0.250
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UNCONFINED COMPRESSION TEST

Project:

Boring No:
Sample No:
Surface Elevation:

Depth Interval of Sample:
Depth Interval of Strata:
Depth of Interval of Test Sample:

Sample Recovery:
SPECIMEN DATA

Initial Diameter
Initial Height

Test Specimen Weight
Moisture Content

Wet Unit Weight

Dry Unit Weight.

Unconfined Compression Strength
Load Increment at Failure

Height at Failure
Test Method
Soil Classification

KILLEN STATION - TEST FILL

B2

1c

Not Taken
0.0 - 2.0
0.0 - 3.3"
1.7 = 2,27
Z?II

2,843"
5.950"
2,72 1bs,
17.5%

124 .4 pcf -
105.9 pcf
3820 psf
170.5 1bs,
5.200"

ASTM-D2166-66
Brown Silt, some Clay,

FAILURE SKETCH

some Sand

250

200

150

I A '

1.

hY

Load in Pounds

100

. £
ol

0.000

0.025

0.050 0.07

Deformation in Inches
III-30

0.100

0.125



UNCONFINED COMPRESSION TEST

Project: KILLEN STATION - TEST FILL
Boring No: B2

Sample No: 2C

Surface Elevation: : Not Taken
Depth Interval of Sample: 2.0 = &0}
Depth Interval of Strata: 0.0 = 5,87
Depth of Interval of Test Sample: 2.0 - 2.4¢
Sample Recovery: 24"

SPECIMEN DATA

Initial Diameter 2,.843"
Initial Height 4,875"

Test Specimen Weight 2.30 1lbs.
Moisture Content 17.4%

Wet Unit Weight 128,6 pcf
Dry Unit Weight 109.5 pcf
Unconfined Compression Strength 7189 psf
Load Increment at Failure 331.9 1bs.
Height at Failure 4. 650"

Test Method ASTM~-D2166-66

Soil Classification Brown Silt, some Clay, some Sand

FAILURE SKETCH

500 | T
i i i t sl i
400 HHHH-+ AR 5 B
\h
m ‘ .. [
2 300 »
d o
o
[N P
£ p
@ o A
8 \
_}_,_] 200 : : v4h | ‘
EENN T;_’q’__ il J‘ 64°
i dp JhupssdsNEnE y
E ¥ 1P 4
7 A win
4
100
y,
"
Y
0
0.000 0.050 0.100 0.150 0.200 0.25

Deformation in Inches
II11-31



UNCONFINED COMPRESSION TEST

Project: KILLEN STATION - TEST TFILL
Boring No: Cl

Sample No: IC

Sutrface Elevation: . Not Taken
Depth Interval of Sample: 0.0 - 2,0'
Depth Interval of Strata: 0.0 = 3. 5"
Depth of Interval of Test Sample: 0.4 - 0.8'
Sample Recovery: 26"

SPECIMEN DATA

Initial Diameter 2,843"

Initial Height 5.500"

Test Specimen Weight 2,38 1bs,
Moisture Content 16.6%

Wet Unit Weight 117.9 pcf
Dry Unit Weight 101.2 pef
Unconfined Compression Strength 6580 psf
Load Increment at Failure 295.4 1bs,
Height at Failure 5.400"

Test Method ASTM-D2166~66
Soil Classification Brown Silt, some Clay, some Sand

FAILURE SKETCH

500 T |
T
___4__.,__ A FHRFH TR AARRR TR T H R
400 |- - e A i
I
L =,
{
g =
£ 300 AT
o A -1 =
Ay A 171
E e e i i My
L 55 o5 o B R i h N
- LLELS ’é L TN
Q : 1= + N
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I i -
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J
i
0 L
0.000 0.050 0.100 0.150 0.200 0.250

Deformation in Inches
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Project:

Boring No:

Sample No:

Surface Elevation:

Depth Interval of Sample:
Depth Interval of Strata:

UNCONFINED COMPRESSION TEST

KILLEN STATION - TEST FILL

cl
1C
Not Taken
0.0 - 2,0
0.0 - 3.5°'

Depth of Interval of Test Sample: 1,1 - 1.,5'
Sample Recovery: 26"

SPECIMEN DATA

Initial Diameter 2,843"
Initial Height 4, 500"
Test Specimen Weight 2,0 1bs,
Moisture Content 15.1%
Wet Unit Weight 121,1 pcf
Dry Unit Weight 103.3 pef

Unconfined Compression Strength 7920 psf

Load Increment at Failure

Height at Failure

Test Method
Soil Classification

Load in Pounds

500

400

300

200

100

362.4 1bs.
4,335"
ASTM-D2166-66

FAILURE SKEITCH

Brown Silt, some Clay,6 some Sand

.l

™

I-L_'

0.050 0.100 0.150

Deforrhation in Inches
I1I-33

0.200

©0.250



UNCONFINED COMPRESSION TEST

Project: KILLEN STATION - TEST FILL
Boring No: ' c2

Sample No: 1C

Surface Elevation: Not Taken
Depth Interval of Sample: 0.0 - 2.0
Depth Interval of Strata: 0.0 - 3.3
Depth of Interval of Test Sample: 0,9 - 1.4'
Sample Recovery: 20"

SPECIMEN DATA

Initial Diameter - 2,843"
Initial Height 5.950"
Test Specimen Weight 2,69 1bs,
Moisture Content 16.0%
Wet Unit Weight 123.2 pcf
Dry Unit Weight 106.2 pef
Unconfined Compression Strength 8250 psf
Load Increment at Failure 371.5 lbs,
Height at Failure 5.825"
Test Method ASTM-D2166-66
Soil Classification ' Brown Silt, some Clay, some Sand
FAILURE SKETCH
500 C
IS T N 1 IS L] e
400 (I N -
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HERN) - \\
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Y 300 vd
d - Aot N 1
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Deformation .in Inches
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UNCONFINED COMPRESSION TEST

Project: KILLEN ELECTRIC GENERATiNG STATION - ADAMS COUNTY, OHIO

Boring No: A-129
Sample No: 1C
Surface Elevation: Not Taken
Depth Interval of Sample: 0.0'-2.0"
Depth Interval of Strata: 0.0'-7.0°'
Depth of Interval of Test Sample: 0.1'-0.6'
Sample Recovery: 10"

 SPECIMEN DATA

Initial Diameter 2.843"

Initial Height : 5.53"

Test Specimen Weight 2.39 1bs.
Moisture Content 19.1%

Wet Unit Weight 117.6 pcf
Dry Unit Weight 98.7 pcf
Unconfined Compression Strength 11350 psf*
Load Increment at Failure 511.4 1bs.
Height at Failure 5.825"

Test Method ASTM~D2166-66
Soil Classification Brown Silt, some Clay, some Sand, trace of

* Capacity of Testing FAILURE SKETCH

Machine
525 =
o
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A
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i
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UNCONFINED COMPRESSION TEST

Project: KILLEN ELECTRIC GENERATING STATION -~ ADAMS COUNTY, OHIO

Boring No: A-129
Sample No: 3C

Surface Elevation: Not Taken
Depth Interval of Sample: 10.0'-12.0"
Depth Interval of Strata: 7.0'-17.0"'
Depth of Interval of Test Sample: 11.0'~-11.5"
Sample Recovery: 24"

SPECIMEN DATA

Initial Diameter 2.843"

Initial Height ; - 5.950"

Test Specimen Weight 2.71 1bs.

Moisture Content 22.67

Wet Unit Weight 124.0 pcf

Dry Unit Weight 101.1 pcf

Unconfined Compression Strength 3130 psf

Load Increment at Failure 141.2 1bs.

Height at Failure 5.800"

Test Method ASTM-D2166-66

Soil Classification Brown Silt, some Clay, trace of Sand

FAILURE SKETCH
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Deformation in Inches
-17=



UNCONFINED COMPRESSION TEST

Project: KILLEN ELECTRIC GENERATING STATION - ADAMS COUNTY, OHIO

Boring No: . A-129
Sample No: 4C

Surface Elevation: : Not Taken
Depth Interval of Sample: 15.0'-17.0'
Depth Interval of Strata: 7.0'-17.0"
Depth of Interval of Test Sample: 16.5'-17.0"
Sample Recovery: 22"

SPECIMEN DATA

Initial Diameter 2.843"
Initial Height 5.950"

Test Specimen Weight 2.75 1bs.
Moisture Content 21.2%

Wet Unit Weight 125.8 pef
Dry Unit Weight 103.8 pef
Unconfined Compression Strength 2370 pst
Load Increment at Failure 125.5 1bs.
Height at Failure 4.950"

Test Method ASTM-D2166-66
Soil Classification Brown Silt, some Clay, trace of Sand

FAILURE SKETCH
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UNCONFINED COMPRESSION TEST

Project: KILLEN ELECTRIC GENERATING STATION — ADAMS COUNTY, OHIO

Boring No: A-129
Sample No: 5C

Surface Elevation: Not Taken
Depth Interval of Sample: 20.0'-22.0°"
Depth Interval of Strata: 17.0'=27.0"
Depth of Interval of Test Sample: 21.0'-21.5"
Sample Recovery: 20"

SPECIMEN DATA

Initial Diameter 2.843"

Initial Height 5.950"

Test Specimen Weight 2.68 lbs.
Moisture Content 25.7%

Wet Unit Weight 122.6 pcf
Dry Unit Weight 97.5 pcf
Unconfined Compression Strength 1150 psf
Load Increment at Failure 53.0 1bs.
Height at Failure 5.675"

Test Method ASTM-D2166-66
Soil Classifica-tion : Brown Silt and Sand, trace of Clay

FAILURE SKETCH
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UNCONFINED COMPRESSION TEST

Project: PROPOSED ASH DISPOSAL AREA - KILLEN STATION
Boring No: A-133
Sample No: 2C

Surface Elevation: ' 512.0"'
Depth Interval of Sample: 8.0" - 10.0'
Depth Interval of Strata: 5.0" - 29.0"'
Depth of Interval of Test Sample: 8.8" - 9.3'
Sample Recovery: 23"
SPECIMEN DATA

Initial Diameter 2.843"
Initial Height 5.950"

Test Specimen Weight 2.79 1bs.
Moisture Content 20.0%

Wet Unit Weight 127.8 pef
Dry Unit Weight 106.5 pcf
Unconfined Compression Strength 850 psf
Load Increment at Failure 42.1 1bs.,
Height at Failure 5.325"

Test Method
Soil Classification

Load in Pounds
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ASTM~-D2166-66 -
Brown silt and sand, trace clay
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UNCONFINED COMPRESSION TEST

Test Method
Soil Classification

- Load in Pounds

500

400

300

©200

100

Project: PROPOSED ASH DISPOSAL AREA - KILLEN STATION
Boring No: A-133
Sample No: 1c

Surface Elevation: 512.0°
Depth Interval of Sample: 3.0" - 5.0'
Depth Interval of Strata: 1.0' - 5.0"%
Depth of Interval of Test Sample: 4.0' - 4,5
Sample Recovery: 19"
SPECIMEN DATA

Initial Diameter 2.843"
Initial Height 5.950"
Test Specimen Weight 2.77 lbs.
Moisture Content 20.3%

Wet Unit Weight 126.9 pcf
Dry Unit Weight 105.4 pef
Unconfined Compression Strength 6710 pcf
Load Increment at Failure 325.8 1bs.
Height at Failure 5.400"

ASTM-D2166-66
Brown clay, some silt, trace sand
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UNCONFINED COMPRESSION TEST

Project: PROPOSED ASH DISPOSAL AREA - KILLEN STATION

Boring No: _ _ A-133
Sample No: ' - 4C

Surface Elevation: _ ' 512.0'

Depth Interval of Sample: : 18.0' - 20.0'
Depth Interval of Strata: 5.0" - 29.0°'
Depth of Interval of Test Sample: 19.3" - 19.8"
Sample Recovery: : 24"

SPECIMEN DATA

Initial Diameter ' 2.843"
Initial Height 5.950"
- Test Specimen Weight 2.58 1bs.
Moisture Content 22.0%
Wet Unit Weight 118.1 pef
r 7 Dry Unit Weight 96.9 pcf
: Unconfined Compression Strength 680 psf
' Load Increment at Failure 31.1 1bs.
=, Height at Failure 5.775"
- Test Method ASTM-D2166-66
4 Soil Classification : Brown silt and sand, trace clay
3 FAILURE SKETCH
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UNCONFINED COMPRESSION TEST

Project: PROPOSED ASH DISPOSAL AREA - KILLEN STATION

Boring No: A-133

Sample No: 6C

Surface Elevation: 512.0° .
Depth Interval of Sample: 28.0' - 29.0'
Depth Interval of Strata: 5.0" - 29.0'
Depth of Interval of Test Sample: 28.2" - 28.7'
Sample Recovery: 2"

SPECIMEN DATA

Initial Diameter 2.843"

Initial Height 5.950"

Test Specimen Weight ' 2.77 lbs.

Moisture Content 17.9%

Wet Unit Weight 126.7 pecf

Dry Unit Weight 107.5 pcf

Unconfined Compression Strength 540 psf

Load Increment at Failure 27.3 1bs.

Height at Failure 5.175"

Test Method ASTM-D2166-66 _
Soil Classification _ Brown silt and sand, trace clay

FAILURE SKETCH
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UNCONFINED COMPRESSION TEST

Project: KILLEN ELECTRIC GENERATING STATION - ADAMS COUNTY, OHIO

Boring No: A-135 :
Sample No: "™ - : 1C

Surface Elevation: Not Taken

Depth Interval of Sample: 3.0"-5.0"

Depth Interval of Strata: 1.0'-10.0"

Depth of Interval of Test Sample: 4,0'-4,5"

Sample Recovery: 24"

SPECIMEN DATA

Initial Diameter 2.843"
Initial Height 5.950"
Test Specimen Weight 2.90 1bs.
Moisture Content 18.9%
Wet Unit Weight 130.8 pcf
Dry Unit Weight 110.1 pcf
Unconfined Compression Strength 7740 psf
Load Increment at Failure 350.7 1bs.
Height at Failure 5.800"
Test Method ASTM-D2166-66
Soil Classification Brown Silt, some Clay, some Sand, trace of
: . Organic
FAILURE SKETCH
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UNCONFINED COMPRESSION TEST

Project: KILLEN ELECTRIC GENERATING STATION - ADAMS COUNTY, OHIO

Boring No: A-135
Sample No: 5C

Surface Elevation: . Not Taken
Depth Interval of Sample: 23.0'-25.0"
Depth Interval of Strata: 10.0'-29.0"
Depth of Interval of Test Sample: 24.0'-24.5"
Sample Recovery: 20"

SPECIMEN DATA

Initial Diameter - _ 2.843"
Initial Height 5.950"
Test Specimen Weight 2.80 1bs.
Moisture Content 20.5%
Wet Unit Weight 128.0 pcf
Dry Unit Weight 106.2 pcf
Unconfined Compression Strength 5440 psf
Load Increment at Failure 252.70 1bs.

. Height at Failure 5.650"
Test Method ASTM-D2166-66

Soil Classification Brown Silt and Sand, trace of Clay

FAILURE SKETCH
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UNCONFINED COMPRESSION TEST

Project: ~PROPOSED ASH DISPOSAL AREA - KILLEN STATION
Boring No: A-137
Sample No: 1C
Surface Elevation: 518.5"
Depth Interval of Sample: 3.0" - 5.0
Depth Interval of Strata: 1.5' = 10.0"
Depth of Interval of Test Sample: 4.3' - 4.8
Sample Recovery: 18"
SPECIMEN DATA
. Initial Diameter 2.843"
- Initial Height 5.950"

' Test Specimen Weight 2.90 1bs.

Moisture Content 17.1%
Wet Unit Weight 132.8 pcf
Dry Unit Weight 113.4 pcf
Unconfined Compression Strength 5050 psf
Load Increment at Failure 231.4 1bs.
Height at Failure S 725"

Test Method
Soil Classification

Load in Pounds

250

200

150

100

50
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Brown silt, some sand
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UNCONFINED COMPRESSION TEST

Project: PROPOSED ASH DISPOSAL AREA ~ KILLEN STATION

Boring No: A=137
Sample No: 2C

Surface Elevation: 518.5"
Depth Interval of Sample: 8.0' - 10.0'
Depth Interval of Strata: 1.5" - 10.0°'
Depth of Interval of Test Sample: 8.1" - 8.6"
Sample Recovery: 24"
SPECIMEN DATA

Initial Diameter 2.843"
Initial Height 5.950"

Test Specimen Weight 2.84 1bs.
Moisture Content 19.3%

Wet Unit Weight 129.8 pef
Dry Unit Weight 108.8 pcf
Unconfined Compression Strength 1200 psf
Load Increment at Failure 57.1 1bs.
Height at Failure ~ 5.500"

Test Method

Soil_ Classification

ASTM-D2166-66

FAILURE SKETCH

Brown silt, some sand, some clay
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UNCONFINED COMPRESSION TEST

Project: PROPOSED ASH DISPOSAL AREA - KILLEN STATION

Boring No: A137

Sample No: : 4¢C

Surface Elevation: - 518.5"

Depth Interval of Sample: 18.0" - 20.0"
Depth Interval of Strata: 10.0' - 25.5"
Depth of Interval of Test Sample: 19.1" - 19.6"
Sample Recovery: 24"

SPECIMEN DATA

Soil Class ificatio_n

FAILURE SKETCH

Initial Diameter 2.843"
Initial Height 5.950"
Test Specimen Weight 2.76 1bs.
Moisture Content 22.5%
Wet Unit Weight 126.3 pcf
Dry Unit Weight 107.1 pcf

" Unconfined- Compression Strength 1650 psf
Load Increment at Failure 74.8 1bs.
Height at Failure 5.775"
Test Method ASTM-D2166-66

Brown silt and sand, trace clay
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UNCONFINED COMPRESSION TEST

Project: PROPOSED ASH DISPOSAL AREA - KILLEN STATION

Boring No: A139
Sample No: 1C

Surface Elevation: 52%1.8"
Depth Interval of Sample: 3.0' - 5.0
Depth Interval of Strata: 1.5' - 10.0'
Depth of Interval of Test Sample: 4.2 = 4.7
Sample Recovery: 24"
SPECIMEN DATA

Initial Diameter 2.843"
Initial Height 5.950

Test Specimen Weight 2.94 1bs.
Moisture Content 18.1%

Wet Unit Weight 134 .6 pcf
Dry Unit Weight 114.0 pcf
Unconfined Compression Strength 11,390 psf
Load Increment at Failure 517.7 1bs.
Height at Failure 5.775"

Test Method
Soil Classification

ASTM-D2166-66

Brown clay, some silt, some sand

FAILURE SKETCH
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UNCONFINED COMPRESSION TEST

Project: PROPOSED ASH DISPOSAL AREA ~ KILLEN STATION

Boring No: A-139
Sample No: 2C

Surface Elevation: 521.8"'
Depth Interval of Sample: 8.0' - 10.0'
Depth Interval of Strata: 1.5" - 10.1°
Depth of Interval of Test Sample: 9.1" = 9.7
Sample Recovery: . 24"

SPECIMEN DATA

Initial Diameter . 2.843"
Initial Height 5.950"
Test Specimen Weight 2.84 1bs.,
Moisture Content 20.7%
Wet Unit Weight 129.8 pcf
Dry Unit Weight 107.5 pcf
Unconfined Compression Strength 3210 psf
Load Increment at Failure 149.6 1bs.
Height at Failure 5.625"
Test Method ASTM-D2166-66
Soil Classification Brown clay, some silt, some sand
FAILURE SKETCH
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UNCONFINED COMPRESSION TEST

Project: KILLEN ELECTRIC GENERATING STATION - ADAMS COUNTY, OHIO

Boring No:
Sample No:
Surface Elevation:

Depth Interval of Sample:
Depth Interval of Strata:
Depth of Interval of Test Sample:

Sample Recovery:
SPECIMEN DATA

Initial Diameter
‘Initial Height

Test Specimen Weight

Moisture Content
Wet Unit Weight
Dry Unit Weight

Unconfined Compression Strength
Load Increment at Failure

Height at Failure
Test Method
Soil Classification

A-142

1C

Not Taken

3.0'-5,0'

2.0'-20.5"
3.7'-4.2"

18“

2.843"
5.950"

2.68 1bs.
26.1%

122.9 pef
97.4 pef

5390 psf
263.1 1bs.
5.375"
ASTM-D2166-66

Brown and Gray Clay, some Silt, trace of Sand-

FAILURE SKETCH
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UNCONFINED COMPRESSION TEST

Project: KILLEN ELECTRIC GENERATING STATION — ADAMS COUNTY, OHIO

Boring No: A-142

Sample No: 3C

Surface Elevation: Not Taken

Depth Interval of Sample: 10.0'-12.0°"

Depth Interval of Strata: 2.0'-20.5"

Depth of Interval of Test Sample: 10.8'-11.3" e
Sample Recovery: 19" '
SPECIMEN DATA

Initial Diameter 2.843"

Initial Height 5.950"

Test Specimen Weight 2.62 1bs.

Moisture Content 22.5%

Wet Unit Weight 119.8 pef

Dry Unit Weight 97.8 pcf

Unconfined Compression Strength 7660 psf

Load Increment at Failure 377.6 lbs.

Height at Failure 5.325"

Test Method
Soil Class ification

ASTM-D2166-66
Brown and Gray Clay, some Silt, trace of Sand

FAILURE SKETCH
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CONSOLTIDATION TEST RESULTS
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APPENDIX 5
Design Drawings
By Ebasco Services, Inc.
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