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1.0 OBJECTIVE
This report was prepared by AEP- Geotechnical Engineering Services (GES) section to fulfill requirements
of CCR 257.73(c)(1) with an evaluation of the facility.

2.0 DESCRIPTION OF CCR THE IMPOUNDMENT
The Conesville Generating Station is located near the Village of Conesville, Coshocton County, Ohio.
It is owned and operated by AEP Generation Resources. The facility operates one surface
impoundment for storing CCR called the Ash Pond Complex.
The Ash Pond Complex is comprised of diked embankments on the north, east, and southwest sides.
The west side of the Ash Pond Complex is located adjacent to a closed landfill area. There are three
main ponds within the Ash Pond Complex as listed below.
List of Main Ponds within the Ash Pond Complex
Fly Ash Pond
Bottom Ash Pond
Clearwater Pond

3.0 SUMMARY OF OWNERSHIP 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.]
The Conesville Power Station is located at 47201 CR 273, Conesville, OH 43811. It is owned and
operated by AEP Generation Resources. The Ohio Department of Natural Resources Dam Safety
Program Facility ID is 0116-002.

4.0 LOCATION OF THE CCR UNIT 257.73 (C)(1)(II)
[The location of the CCR unit identified on the most recent U.S. Geological Survey (USGS) 7 ½
minute or 15 minute topographic quadrangle map, or a topographic map of equivalent scale if
a USGS map is not available.]
A location map is included in Attachment A.

5.0 STATEMENT OF PURPOSE 257.73 (C)(1)(III)
[A statement of the purpose for which the CCR unit is being used.]
The Ash Pond Complex is a surface impoundment for storing CCR. The Bottom Ash Pond within the
complex is used for primary settling and storage of bottom ash. The Fly ash pond is used for secondary
settling from the bottom ash and the occasional primary and secondary settling and storage of fly ash.
The Clearwater pond is used as for final settling before discharge outside the Ash Pond Complex.
Additional facility wastewaters from the FGD (fluidized gas desulfurization) systems along with
miscellaneous non-CCR related wastewater streams are also discharged into the Ash Pond Complex.
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6.0 NAME AND SIZE OF WATERSHED THE CCR UNIT IS LOCATED 257.73
(C)(1)(IV)
[The name and size in acres of the watershed within which the CCR unit is located.]
The Conesville Ash Pond Complex is located within the Muskingum River Water Shed (HUC 05040004)
which is approximately 1,577.05 square miles (USGS). The Ash Pond Complex is approximately 96 acres
with approximately a 129 acre watershed.

7.0 DESCRIPTION OF THE FOUNDATION AND ABUTMENT MATERIALS
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 located.]
The foundation materials of the Ash Pond Complex consist of alluvial silt and clay layer overlaying glacial
outwash Sand/Gravel – Loose to Dense. See material properties below:
Material

Unit Weight
Cohesion
Friction Angle
(pcf)
(psf)
(°)
Alluvial Silt and Clay
125
80
28
Loose Glacial Outwash Sand/Gravel
115
0
29
Med. Dense Glacial outwash Sand/Gravel
120
0
32
Dense Glacial Outwash Sand/Gravel
125
0
36
Reference: “Ash Complex Initial Safety Factor Assessment”, S&ME, December 30, 2015

8.0 DESCRIPTION OF EACH CONSTRUCTED ZONE OR STAGE OF THE CCR UNIT
257.73 (C)(1)(VI)
[A statement of the type, size, range, and physical and engineering properties of the materials
used in constructing each zone or stage of the CCR unit; and the approximate dates of
construction of each successive stage of construction of the CCR unit.]

An Ash pond was constructed in the area of the Ash Pond Complex in the 1950’s at about the same
time a coal haul road was constructed at the site. No records of the original ash pond construction
are available. The current perimeter dikes for Ash Pond Complex are embankments that were
constructed in 1974. The construction specification for the 1974 construction are included in
Attachment B with Construction Drawings included in Attachment C. The 1974 specification do
not indicate any criteria for acceptability of material but do identify unsuitable material to include
organic silts and clays; roots, logs, and debris. Subsequent test borings through the crest of the
dike have indicated that the dikes are constructed of sands, sands and gravels, silty sands, and
clayey silts.
A northeast to southwest splitter dike was constructed around 1976 allowing for the construction
of a now closed FGD sludge landfill and other plant support operations on the northwest portion
and the southeast portion making up the current Ash Pond Complex. No documents are available
for the 1976 construction. A 1978 plot plan (included in Attachment C) shows that a portion of
the western end of the ash pond had been filled in. In 1981 splitter dikes were constructed in the
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Ash Pond Complex to separate bottom ash, fly ash and improve treatment with the Clearwater
pond. The available engineering drawings for the 1981 splitter dike construction are included in
Appendix C.
In 2011 the dike at the southwest corner was repaired and reestablished to the permitted crest
elevation. The design repair report for the 2011 repair are included in Attachment B.
In 2013-2014 improvements to the Northwest Dike were completed. Work included raising the
embankment height to permitted elevation using cohesive fill with a cut off trench. Modifications
included moving the inlet sluice pipes to the pond to traverse over the embankment in the
northwest corner. Splash pad consisting of fabri-form and gabion baskets was also constructed.
The design report for the 2013-2014 improvements are included in Attachment B and the related
drawings are included in Attachment C.

9.0 ENGINEERING STRUCTURES AND APPURTENANCES, 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…]
Water and CCR are conveyed into the Ash Pond Complex from pipes located along the northwest berm
of the Ash Pond Complex and discharged from wooden trestle structures. A toe ditch and culverts
convey storm water from the closed FGD landfill into the Ash Pond Complex
All water exits the ash pond complex from a single outlet at the Clearwater Pond. The outlet works
consists of a drop inlet spillway structure with stoplogs. The stoplogs are 4 feet in length. A 36-inch
outlet pipe conveys the water from the drop structure to an incised wastewater holding pond where
water is either recycled into plant operations or discharged via a NPDES permitted outfall.
Culverts are located in the internal splitter dikes to convey flow within the Ash Pond Complex.
Construction Drawings from the different construction events and operational changes are included in
Attachment C.
A map with instrumentation locations in provided in Attachment D.
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10.0 SUMMARY OF POOL SURFACE ELEVATIONS, AND MAXIMUM DEPTH OF
CCR, 257.73 (C)(1)(VII)
[…in addition to the normal operating pool surface elevation and the maximum pool elevation
following peak discharge from the inflow design flood, the expected maximum depth of CCR
within the CCR surface impoundment.]

Based on the previous measurements and estimates and operational variation in the pond
system, the capacity and volume estimates for the Flyash, Bottom ash, and Clearwater ponds
are provided below.
Pond

Media

Maximum

Minimum

Present

Depth/Elevation (feet)
Water
Fly Ash

Bottom Ash

16.55/757.05

Solid

14.5/744.5

Water

16/762

Solid

16/746

Water
Clearwater

18 /758.45

21.14/754.14

17/757.50

20.04/753.04

Solid

20.73/753.73

3/733

Capacity (acre-feet)
Pond

Water

Solid

Total

Fly Ash

923.4

805.6

1,729

Bottom Ash

345.5

345.5

691

Clearwater

45

5

50

Note:
(i) The depth figures are based on a maximum operating elevation of 762 feet with a 5 foot
of freeboard.
(ii) The bottom of the pond and top of the dike used are 730 ft. and 762 ft. for the capacity
estimates.

11.0 FEATURES THAT COULD ADVERSELY AFFECT OPERATION DUE TO
MALFUNCTION OR MIS-OPERATION (257.73 (c)(1)(vii))
[…and any identifiable natural or manmade features that could adversely affect operations of
the CCR unit due to malfunction or mis-operation]
In the event of malfunction or mis-operation of any of the pond’s appurtenances the ponds operations
could be adversely affected. These structures include weir structures and piping between pond cells, low
4

water discharge gated structures, gated weir structures, effluent return piping and pump structures and
influent sluicing piping and structures. See design drawings in Attachment C for location and details of
all appurtenances.

12.0 DESCRIPTION OF THE TYPE, PURPOSE AND LOCATION OF EXISTING
INSTRUMENTATION 257.73 (C)(1)(VIII)
[A description of the type, purpose, and location of existing instrumentation.]
The Bottom Ash Pond Complex has 4 piezometers located within the structure of the perimeter dike.
These piezometers are read on a minimum of every 30 days for the purpose of determining the phreatic
water level within the dike. A location map is provided in Attachment D.

13.0 AREA – CAPACITY CURVES FOR THE CCR UNIT 257.73 (C)(1)(IX)
[Area-capacity curves for the CCR unit.]
The area capacity curves for the Bottom Ash Pond Complex are included in the Hydrology and Hydraulic
Analysis Report by S&ME, October 2016 in Attachment E.

14.0 257.73 (C)(1)(X) DESCRIPTION OF EACH SPILLWAY AND DIVERSION
[A description of each spillway and diversion design features and capacities and calculations
used in their determination.]
All water exits the ash pond complex from a single outlet at the Clearwater Pond. The outlet works
consists of a drop inlet spillway structure with stoplogs. The stoplogs are 4 feet in length. A 36-inch
outlet pipe conveys the water from the drop structure to an incised wastewater holding pond where
water is either recycled into plant operations or discharged via a NPDES permitted outfall.
Hydrology and Hydraulic Analysis which include calculations for outfall structure is included in
Attachment E.

15.0 SUMMARY CONSTRUCTION SPECIFICATIONS AND PROVISIONS FOR
SURVEILLANCE, MAINTENANCE AND REPAIR 257.73 (C)(1)(XI)
[The construction specifications and provisions for surveillance, maintenance, and repair of the
CCR unit.]
Attachment B includes the Construction Specifications from 1971, the design report for the 2011 repairs,
and the Design Report for the 2013-2014 repairs.
As required by the CCR rules the Ash Pond Complex is inspected at least every 7 days by a qualified
person. Also as a requirement of the CCR rules the impoundment is also inspected annually by a
professional engineer.
An impoundment operations and maintenance plan is provided in Attachment F.
to be necessary during any inspection they will be completed as needed.
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If repairs are found

16.0 RECORD OR KNOWLEDGE OF STRUCTURAL INSTABILITY 257.73 (C)(1)(XII)
[Any record or knowledge of the structural instability of the CCR unit.]

It is reported that in the 1950’s, during construction of the coal haul road along the southeastern
side of the Ash Pond Complex, an approximately 1,800 foot long portion of the embankment near
CR 273 failed. 10 to 14 feet high berms were constructed on both sides to provided additional
support. These berms are no longer visible. In 1956, the crest of the coal haul road varied
between El. 750 (southwestern end) to El. 770 (northeastern end near CR 273
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LOCATION MAP

Conesville
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IMAGE DATE: 07/01/1976

Figure 1
Project Location Map

Scale: 1" = 1 mile
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Project No.:
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American Electric Power
Conesville Power Station
Conesville, OH

ATTACHMENT B
DESIGN REPORTS

Attachment B-1
1974 Perimeter Dike Specifications

Attachment B-2
2011 SW Dike Repair

Attachment B-3
2013-2014 Dike Improvements

Conesville Generating Plant
Bottom Ash Pond Northwest Dike Improvements
Final Design Report
Conesville, Ohio

Report to

American Electric Power Service Corp.
Columbus, Ohio

Prepared by

S&ME, Inc.
Dublin, Ohio

May, 2013

May 17, 2013
1167-11-003D

Mr. Shah Baig
American Electric Power
1 Riverside Plaza
Columbus, OH 43215

Re:

Bottom Ash Pond Northwest Dike Improvements
Ash Pond Complex
AEP Conesville Generating Plant
Conesville, Ohio

Dear Mr. Baig:
In accordance with our proposal dated March 8, 2011, and authorization letter dated
February 8, 2012. S&ME, Inc. (S&ME) has completed construction drawings and the
engineering analyses for the dike improvements at the bottom ash pond at the Conesville
Generating Plant in Conesville, Ohio. These drawings incorporate the most recent
comments received from AEP on October 18, 2012.
We appreciate having been given the opportunity to be of service on this project. If you
have any questions, please do not hesitate to contact this office.
Respectfully submitted,
S&ME, INC.
Columbus, Ohio

Jason D. Ross, P.E.
Project Engineer
Submitted:

1 electronic copy via email

Michael G. Rowland, P.E.
Senior Engineer
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Dike Improvements Final Design Report
Conesville Generating Station, Coshocton County, Ohio

S&ME Project No. 1176-11-003D
May 17, 2013

PURPOSE
Construction drawings and specifications have been prepared to improve the dike at the
northwest corner of the Conesville Plant Bottom Ash Pond. This report presents the analyses
performed in support of the design. Included in this report are the results of the subsurface
investigation, field observations, stability and seepage analyses, and hydraulics and hydrologic
analyses. The stability and seepage analyses indicate that the design meets the required factors
of safety against seepage and slope stability failures. The hydraulics and hydrologic analysis
indicates that the final design meets minimum freeboard requirements and safely passes the 50%
PMF design storm.
INTRODUCTION
The Conesville Generating Plant is located in Conesville, Ohio in Coshocton County, as shown
on the Vicinity Map, included as Plate 1 of Appendix A. The plant is located on the east bank
of the Muskingum River, across from the town of Conesville. Adjacent to the plant is an
approximate 100 acre ash pond complex within which are a number of individual cells: Four fly
ash ponds denoted as Fly Ash Pond 1-4, a bottom ash pond, and a clear water pond. The overall
complex is surrounded by an embankment ranging in height from 15 to 40 feet above the natural
ground surface which has an overall length of approximately 9,300 feet. The ponds are
continuously dredged out with the recovered fly and bottom ash either being provided for other
uses or taken to the nearby residual waste landfill. The ponds are isolated from exterior surface
water inflow.
The location of the proposed dike improvements is in the southwest area of the ash pond
complex on the northwest side of the bottom ash pond as shown on the drawings. Presently, the
crest of this section of the dike is between El. 768 and as low as El. 758, whereas the crest of the
dike to the east of the project is at a consistent elevation of El. 767. The total length of dike to be
improved/raised is approximately 1200 feet. The target crest elevation is El. 767.0 based on the
current maximum pool elevation of 762.0 feet and normal pool elevation of 755 feet and an Ohio
Department of Natural Resources (ODNR) minimum operational freeboard requirement of five
feet. The improved dike will also need to accommodate existing utilities and access roads.
S&ME previously performed a detailed evaluation of the existing dike system focusing on
geotechnical and hydrology. The report of this investigation is dated December 22, 2010.
GEOLOGY
The natural site soils beneath the ash pond generally consist of a relatively thin layer of alluvium
silt and clay over glacial outwash deposits of variable thickness overlying the bedrock surface.
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The alluvium clays and silts consist of sedimentary matter and are generally no more than 10 feet
thick, while the outwash materials typically consist of sand, gravel and silt deposits. The ash
pond complex is located near the edge of a buried bedrock valley, and was constructed within the
present flood plain of the Muskingum River. Based on available geologic literature, the glacial
outwash extends to bedrock, estimated to be roughly 80 feet below the ground surface. The
upper most bedrock at the ash pond complex mostly likely consists of shale and/or sandstone
belonging to the Allegheny or Pottsville Group of the Pennsylvanian Group.
In a geotechnical investigation report dated October 7, 1983, Woodward-Clyde Consultants, Inc.,
found that the alluvium layer beneath the ponds and beneath some of the embankments was
largely removed during the construction of the embankments themselves, implying that the
internal splitter dikes and other portions of the embankments are constructed directly on the sand
and gravel deposits.
FIELD WORK
Site Reconnaissance
On March 19, 2012, a Project Engineer and Staff Engineer representing S&ME visited the site to
layout the proposed boring locations and observe the site conditions, as well as meet with the
AEP project representatives. Three proposed boring locations, BAP-1201, BAP-1202, and BAP1203, were positioned in the bottom ash pond within the approximated footprint of the proposed
improved dike. An existing water line was observed adjacent to the proposed boring locations.
AEP located the water line and adjusted the boring locations to maintain a safe distance for
drilling. Drilling equipment access routes to the boring locations were determined by S&ME and
confirmed by AEP.
Soil Borings
During the period of April 9 and 10, 2012, a 3-person drill crew from S&ME were on-site and
performed a total of four (3) soil borings, designated BAP-1201, BAP-1202, and BAP-1203.
Boring BAP-1201A was drilled as an offset boring to obtain a Shelby tube sample. These
borings were extended to depths ranging from 28.0 to 41.4 feet below the existing ground
surface.
S&ME recorded the GPS coordinates of all the completed borings using a handheld GPS device.
The boring locations are shown on the 'Plan of Borings' presented in Plate 2 of Appendix A. All
boring elevations are based on surface topography survey data provided by AEP. A survey of an
existing waterline adjacent to the location of the proposed dike improvement was also provided
by AEP.
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All borings were performed with an all-terrain-vehicle (ATV) mounted drill rig and were
advanced between sampling attempts using 4¼-inch I.D. hollow-stem augers. Disturbed, but
representative samples were obtained by lowering a 2-inch O.D. split-barrel sampler to the
bottom of the hole and driving it into the soil by blows from a 140-pound automatic hammer
freely falling 30 inches (Standard Penetration Test, ASTM D1586). The automatic hammer used
to advance the SPT sampler had previously been calibrated for energy transmission using
dynamic pile monitoring methods. The energy calibration factor is included on the boring logs.
SPT sampling was performed continuously through Borings BAP-1201, BAP-1202, and BAP1203. Split barrel samples were examined and identified immediately after recovery and
representative portions of each sample were placed in air tight jars and retained for subsequent
laboratory testing. Offset Boring BAP-1201A was drilled to obtain a thin-walled steel tube
sample from 26.0 to 28.0 feet; no other sampling was performed at Boring BAP-1201A.
In addition to the disturbed samples, thin-walled press tube samples (“Shelby” tubes) were also
attempted in order to obtain relatively undisturbed soil samples for strength testing. The samples
were collected by hydraulically pressing a 3-inch diameter thin-walled steel (Shelby) tube at the
end of the drill rod stem into the soil at a uniform rate. The samples were preserved inside the
Shelby tube sampler and sealed with wax. The sample collection was completed in accordance
with ASTM D 1587 Method for Thin-Walled Tube Geotechnical Sampling of Soils. Two
Shelby tube samples were attempted. The first Shelby tube sample was attempted in Boring B1201 and was unretrievable. The borings was offset and a second sample was attempted in the
same cohesive soil strata. This sample was retrieved “undisturbed”. At the completion of
drilling, each borehole was backfilled with a cement-bentonite grout mix.
LABORATORY TESTING
Index Testing
Laboratory testing was performed on selected representative soil samples obtained during the
field investigations to determine natural moisture content (ASTM D2216), liquid and plastic
limits (S&ME adjustment to ASTM D4318), and grain size analyses (ASTM D422). The results
of these and other tests provide a basis for an evaluation of the strength, compressibility, and
permeability characteristics of the soils encountered at this site.
The results of the moisture content testing and of the liquid and plastic limits are graphically
displayed on the individual boring logs presented in Appendix A. The results of all grain size
analyses are also displayed graphically and presented as Plates 4 through 15 in Appendix B. All
laboratory test results and a summary of laboratory test results are presented in Appendix B.
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Soils described in this report have been classified basically in accordance with the Unified Soil
Classification System, but this system has been augmented by the use of special adjectives to
designate the approximate percentages of minor soil components. Definitions of these special
adjectives and an explanation of the symbols and terms used on the boring logs are presented on
Plates 3 and 4 of Appendix A.
A comprehensive summary of all index testing performed for each layer is presented as Plates 1
and 2 in Appendix B.
Specialty Testing
In addition to the above index tests, an unconsolidated-undrained (UU) triaxial shear test and a
consolidation test was performed on undisturbed soil samples obtained from Shelby Tube
sampling. Results of all laboratory testing are included in Appendix B. Because of the largely
granular nature of the bottom ash and underlying soils, only one undisturbed cohesive sample
was obtained.
GENERAL SUBSURFACE CONDITIONS
Borings BAP-1201, BAP-1202, and BAP-1203 were performed in the northwest area of the
bottom ash pond, southwest of the existing sluice lines. The subsurface profile developed
between these borings is denoted as Section A and can be found in Appendix A. The borings
were performed in areas currently being used for bottom ash fill placement and storage. The
improved dike will be constructed on top of existing bottom ash fill.
Stratigraphy
Based on the descriptions of the samples recovered in the borings and laboratory testing, the
subsurface stratigraphy can generally be described in descending order as follows:
•
Boring BAP-1201 was performed in the southeast corner of the bottom ash pond, near the
existing south embankment, and encountered loose to medium dense sand and bottom ash fill
within the first 26.3 feet. Beneath the granular fill, Boring BAP-1201 encountered very stiff
brown mottled with gray silty clay to 31.0 feet below the ground surface. Boring BAP-1201 was
terminated at a depth of 32.3 feet below the ground surface after encountering 1.3 feet of sand.
This stratum contained fine to coarse sand seems. An offset boring, BAP 1201A, was drilled
adjacent to BAP 1201 to collect an “undisturbed” Shelby Tube sample of the silty clay from 26.0
to 28.0 feet. Hand penetrometer measurements within this stratum ranged from 2.0 to 3.5+ tons
per square foot (tsf). Index testing results, including liquid limit and plasticity index of samples
tested within this stratum are summarized in Appendix B.
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•
Boring BAP-1202 was south of the sluice lines outlet, and encountered loosed to medium
dense sand and bottom ash fill within the first 35.4 feet. Beneath the granular fill, Boring BAP1202 encountered loose to medium dense sand and gravel to 41.4 feet below the ground surface.
BAP-1202 was terminated at a depth of 41.4 feet below the ground surface.
•
Boring BAP-1203 was performed north of the sluice lines outlet, and encountered loosed
to medium dense sand and bottom ash fill within the first 29.5 feet. Beneath the granular fill,
boring BAP-1203 encountered loose to medium dense sand and gravel to 36.9 feet below the
ground surface. BAP-1203 was terminated at a depth of 36.9 feet below the ground surface.
For detailed description of the stratigraphy, including the presence of minor variations and
inclusions, see the logs of the individual borings presented in Appendix A.
IMPROVED DIKE DESIGN
The proposed alignment and stationing of the proposed dike is shown on the construction
drawings dated October 2012. The alignment connects to the existing dike at the southwest
corner of the ash pond complex, extends north, and ties-in to the haul road by the landfill. There
will be pipe crossings at the sluice lines outlet.
The proposed dike general dimensions are as follows: The crest is 15-foot wide which is
comparable to widths of the existing dikes. A proposed crest elevation of 767.0 meets the
minimum 5-foot freeboard requirement above the maximum operating pool listed for the ash
pond complex (Elevation 762.0). The embankment side slopes are 3H:1V. The improved dike
will vary from 2 feet to 12 feet in height above existing ash pond surface. The improved dike
alignment maintains a minimum of a 5-foot offset from an existing waterline northwest of the
proposed improved dike. A soil fill cutoff trench 3’ deep and 6’ wide was incorporated to divert
seepage to reduce uplift forces at the embankment toe.
The embankment fill will consist of borrow soil from local sources. Cohesive fill will be used
for the embankment, as shown on the drawings. Laboratory test results of available borrow
samples are shown on Plates 27 through 32 of Appendix B.
Nine sluice line outlet pipes are to be crossed by the improved dike embankment. The pipes will
be encased in flowable fill to control seepage along the pipes and sand or bottom ash (or similar)
to collect seepage near the outboard toe. The cutoff trench will not be constructed at the pipes as
it would be difficult to excavate under the pipes. The pipe cross is shown on Drawing No. 45630243.
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Gabion basket retaining walls will be used for the portion of the dike improvements near the
outlet of the sluice lines. There is a lack of space in this area due to the fly ash lines to the left of
the dike alignment and sluice lines outlet to the right. The gravity walls will be 9 feet tall. The
gabions will be protected against corrosion with a pvc coating (or similar). The gabions range in
length from 3 feet to 7.5 feet long and are three feet tall. The toe drain will be terminated at the
gabion walls, as the gabion baskets will function like a drain. The bottom gabion basket will be
founded on a layer of No. 57 bedding stone.
SEEPAGE AND STABILITY ANALYSIS
Embankment dams must exhibit adequate factors of safety against a slope stability failure for
static and seismic conditions. General subsurface conditions at the tallest embankment section,
near Sta. 5+50, were interpolated from the boring information collected for this project that is
referenced in a prior section of this report. A section through the full-height gabion basket
retaining walls, near station 6+30 was also analyzed. A site plan with stationing can be found on
drawing 456-30242. The following sections of this report discuss the analyses that were
performed for the improved dike design described in the prior section, explain the rational
supporting parameter selection, and present the results.
The cross-section was analyzed and the parameters selected to represent the permeability and
strength of the different fill layers and subsurface strata. Strength and permeability parameters
for the existing strata are based on those contained in the July 2009 Conesville Station
Generating Plan Bottom Ash Pond Investigation Report by BBCM Engineering, as well as the
follow up investigation dated December 22, 2010.
Methodology
The seepage and stability analyses were performed for the Conesville Station Bottom Ash Pond
proposed dike embankments with the aid of the computer program Slide (Version 6.0) developed
by Rocscience, Inc. The program performs 2-D limit equilibrium slope stability analyses and
steady-state unsaturated groundwater analysis; the latter using the finite element method. Pore
pressure values produced from the seepage analysis are used in the slope stability computations
for each model.
Static and seismic slope stability analyses were performed on the outboard embankment using
Spencer’s method (Spencer, 1973) with a deterministic approach. The method provides
solutions for given cross sections based on limit equilibrium theory. The critical slip surface
corresponding to the lowest factor-of-safety is shown in each graphical output. Seismic slope
stability analyses were performed based on a pseudo-static slope stability approach. Stability
calculations were performed in general accordance with the US Army Corps of Engineer's
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Engineering Manual 1110-2-1902 entitled Slope Stability. The graphical outputs can be found in
Appendix C.
Seepage Analysis
The location of the piezometric level within the improved dike was calculated using Slide based
on the pool level in the bottom ash pond, the groundwater table level, and the permeability
values assigned to the model layers in each cross section. Results from the seepage analysis
provided pore pressures values within the model to be used in the Stability Analysis.
Hydraulic Properties
Permeability values assigned to the model layers are shown in the table below. Several layers
were modeled with anisotropic permeability functions. The horizontal permeability (kh) of the
cohesive embankment fill material was taken as 10 times the vertical permeability (hv) to best
model the stratification of the soil as a result of compacting the fill in horizontal lifts
(Casagrande, 1937). The glacial outwash sand and gravel layers and sheet-pile wall were
assigned isotropic permeability functions.
Table 1: Permeability Values
Permeability
Material Description

Reference
kv (ft/min)

kh / kv

Cohesive Embankment Fill
(Clay Fill)

1x10-7

10

Previous BBCM Report

Rock-filled Gabions

1x10-1

1

Typical Values

Bedding Stone

1x10-2

1

Typical Values

Loose Bottom Ash

1x10-2

1

Typical Values

Medium-Dense Bottom Ash

5x10-3

1

Typical Values

Medium-Dense Sand & Gravel

1x10-2

1

Previous BBCM Report

Hydraulic Boundary Conditions
The following boundary conditions were assigned to the finite element based models for the
seepage analysis for each alternative.
•

A 'Constant Head' boundary of 762' was used to represent the level of water in the ash
pond.
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In general, a 'No-Flow' boundary was also placed on each end of the model. On the
upstream side, the flow is assumed to become predominantly downward near the middle
of the pond. The 'No-Flow' boundary placed on the downstream end forces all the
seepage to eventually reach the surface and is considered a conservative assumption.
To look more closely at the impact the downstream groundwater table away from the
dike, the downstream no flow boundary was replaced with a constant head boundary
equal to 750.
'Unknown' boundary conditions were set on the remainder of the exterior boundaries to
allow the program freedom to calculate values at these locations. These locations include
the downstream slope face and the downstream ground surface.

Finite Element Discretization and Mesh
The following steps were performed during the development of the seepage model:
•
•

6 Noded Triangles were used to generate the finite element mesh for the models
(Graphical printouts included in Appendix C)
The density of nodes was manually increased to minimize the number of ‘Poor Quality
Elements’ based on the Mesh Quality function available in Slide.

Seepage Analysis Models and Results
Graphical output from the seepage analyses are presented in Appendix C.
The seepage analysis used in the slope stability runs assumed a ‘No Flow’ boundary condition
downstream of the proposed embankment. This assumption is considered conservative because
the actual groundwater table is lower. Across the model, the piezometric level appears to
decrease more rapidly within the clay inboard embankment, then less rapidly as it continues
through the clay core to levels below the outboard toe drain.
Based on data collected for the 2009 BBCM investigation at Conesville, a ‘Constant Head’
boundary condition of 740’ was placed downstream of the proposed embankment to model the
groundwater table. Across the model, the piezometeric level decreased more rapidly within the
inboard embankment, and continues decreasing through existing material to El. 740.
Stability Analyses
Shear Strength Parameters
In order to perform slope stability analyses, it was necessary to estimate appropriate unit weight
and strength parameters to represent the various soil layers. The shear strength and unit weight
values used for the slope stability analyses were adopted from the previously completed
Conesville Station Generating Plan Bottom Ash Pond Investigations. Table 2 lists the design
strength parameters used for static analyses for each stratum.
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Table 2: Strength Values:

Material
Description

γwet
(pcf)

End of
Construction

Drained
Strength

Long Term
Undrained
Strength

φ’

c’
(psf)

φ’

c’ (psf)

φ

c (psf)

Reference

Cohesive
Embankment Fill
(Clay Fill)

125

0°

1500

28°

100

5°

2000

BBCM, 2009

Loose Bottom Ash

90

36°

0

36°

0

36°

0

Typical Values

105

37°

0

37°

0

37°

0

Typical Values

120

34°

0

34°

0

34°

0

BBCM, 2009

Medium-Dense
Bottom Ash
Medium-Dense
Sand and Gravel

Stability Analyses and Results
Static and seismic analyses were performed on each section to determine the factor of safety
against rotational failure for the outboard slopes using drained soil strength parameters. The
graphical computer outputs for these analyses have been included with this report in Appendix
C. Additional factors of safety are shown on the output for separate failure surface locations.
Seismic analyses were performed using a pseudostatic analysis with a horizontal seismic
coefficient of 0.06g. This coefficient was determined from the 2008 USGS National Seismic
Hazard Maps for the “Peak Acceleration (%g) with 2% Probability of Exceedance in 50 Years”.
Graphical results of the slope stability analysis for seismic conditions are shown in Appendix C.
Table 3 summarizes the lowest factors of safety determined for each analysis case.
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Table 3: Stability Analysis Summary:

Analysis Case

Required Minimum
Factor of Safety*

Static (Steady-State Seepage)
Inboard Slope, Normal Pool
Seismic (Pseudo-Static)
Inboard Slope, Normal Pool
End of Construction
Inboard Slope
Static (Steady-State Seepage)
Outboard Slope, Normal Pool
Seismic (Pseudo-Static)
Outboard Slope, Normal Pool
Static (Steady-State Seepage)
Outboard Slope, 50% PMF
End of Construction
Outboard Slope

Computed Factor of
Safety
Embankment
Section

Gabion
Section

1.50

2.53

1.54

1.00

3.41

1.96

1.50

4.18

2.73

1.50

2.40

1.85

1.00

3.86

2.47

1.50

2.40

1.85

1.50

4.32

3.15

* Based on the US ACOE EM-110-2-1902 guidelines (Table 3-1).

The critical failure surfaces were located through a deterministic search. Limitations on failure
surface location were placed to locate the failure surfaces on either the inboard or outboard slope.
The results are based on the normal pool elevation of 762.0 and/or a surcharge load equivalent to
50% of the PMF event.
HYDRAULICS AND HYDROLOGIC ANALYSIS
Introduction
The Ash Pond Complex is comprised of several ash impoundments separated by splitter dikes.
The perimeter of the complex is formed by three main dam sections and a natural slope to the
northeast. Water is pumped into the pond complex from the plant facilities for treatment. Water
flows from the ash ponds to the Clearwater Pond. Any overflow exits the Clearwater Pond via a
spillway structure and enters a nearby stream at an NPDES outfall.
The Ash Pond Complex has been identified as a Class II dam by ODNR, and as such must safely
pass 50% of the Probable Maximum Flood (PMF) in accordance with OAC Rule 1501:21-13-02.
Regarding minimum required freeboard, OAC Rule 1501:21-13-07(A) states "...the minimum
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elevation of the top of the dam shall be at least five feet higher than the elevation of the designed
maximum operating pool level unless otherwise approved by the chief".
Existing Conditions
Based on March 2005 aerial mapping, the ground surface elevation in the area of the proposed
dike extension is at approximate Elevation 760. It is understood that the normal pool elevation
and the maximum operating pool level for the ash pond complex is Elevation 755.0 and 762.0.
The outlet works for the Clearwater Pond is listed as consisting of a drop inlet spillway structure
with stop logs. The stop logs are 4 feet in length. An 18-inch outlet pipe conveys the water to
the stream outfall. The invert of the pipe outlet was estimated from the mapping to be
approximately Elevation 730.
Analysis
The design storm was analyzed to determine the resultant water surface elevation. For this
analysis, the Ash Pond Complex was modeled as a whole. No inflow from plant operations was
modeled.
HEC-1 data files, developed by Burgess & Niple for calculations in developing an Emergency
Action Plan, were received from AEP. Hydrologic input parameters from the files were verified
and used in this analysis. These input parameters include: storage-elevation data (Plate 1 of
Appendix E), pond drainage area (0.201 square miles, or 129 acres), Probable Maximum
Precipitation (PMP) amount (32.9 inches for 24-hour storm event), runoff curve number (CN of
93) and runoff lag time (0.3 hours). Since minimal drainage area runoff is occurring, 50% of the
PMP was taken as being equivalent to 50% of the PMF.
Using accepted engineering equations, rating curves for the outlet system were estimated (see
Plates 2 through 5 of Appendix E). The total inflow was routed through the pond system using
the HEC-HMS computer program, which was developed by the U.S. Army Corps of Engineers.
The analysis was performed assuming no tail water in the receiving stream.
Results
The results of the analysis routing the design storm and pumped inflow through the pond
complex are summarized in Table 4.
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Table 4: Summary of Pond Routing Results

Normal
Pool

Normal
Maximum

Water Level El.

Water Level El.

755.0

762.0

Freeboard with
nominal Crest El.
767.0

50% PMF Max.
Resultant

5.0 feet

763.6

Water Level El.

Detailed computed results, including flow rates, are included as Plates 6 through 8 of Appendix
E.
Conclusions
In conclusion, the proposed pond complex dike will have sufficient capacity to contain the
design storm.
CONSTRUCTION EVALUATION
The soil dike will be constructed in lifts, and placed and compacted per project specifications.
The bottom ash subgrade will be prepared and proofrolled prior to fill placement. In areas where
the existing bottom ash is sloped, the first layers of clay will be benched in to meet the existing
bottom ash. Construction of the embankment will be observed and the fill material will be tested
for compaction and moisture content as necessary to ensure compliance with project
specifications. Construction of the clay dike will be completed during the warmer months to
prevent moisture and lift-seam issues that can be caused by frost.
TECHNICAL SPECIFICATIONS
General Technical Specifications for Construction Materials can be found in Appendix F. These
AEP standard specifications cover earthwork, fill and construction materials for the project.
These specifications will govern the project work, and are supplemented by notes and material
descriptions on the construction drawings.
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SPECIFICATION FOR FOUNDATION PREPARATION
CE-005

5-1.0 DESCRIPTION OF WORK
The work shall comprise of the performance of all operations necessary for the
preparation of earth and rock foundations in accordance with the requirements of this
specification and the project drawings.
Foundation preparation shall consist of the removal of all unsatisfactory material directly
underlying the foundation of a structure. This specification covers the requirements of
preparing that foundation.
5-2.0 GENERAL REQUIREMENTS
Foundation preparation shall commence after removal of overburden by excavation in
accordance with Specification CE-004, Excavation.
All contractor foundation treatment and preparation must be completed and approved by
the Owner’s engineer before fill placement or placement of concrete.
At least 48 hours before proceeding with excavations call Miss Utility West Virginia (1800-245-4848), or state equivalent. Underground utility drawings were performed based
on available plant drawings. Reasonable efforts have been made to identify underground
utilities; however, unidentified utilities may exist. Locate all utilities and obtain plant
excavation permits prior to start of any excavation or trenching operation. Upon
encountering any unidentified utilities, the Contractor shall immediately notify the
Owner. Stake, flag or paint locations of known utilities within the work area.
5-2.1 Bedrock Foundations
Any and all blasting or ripping shall be done so as not to cause damage to the rock
at or below the designated foundation elevation. All blasting must be done in
accordance with Specification No. CE-004A, Blasting. The Owner’s engineer
shall inspect the blasted or ripped surface to ascertain whether any damage has
occurred during the blasting or ripping operations. If, in the Owner’s engineer’s
opinion, damage has occurred, the contractor shall repair it to the satisfaction of
the Owner’s engineer at no additional compensation. Rock-fill, filters, transition
material, and impervious fill shall be placed immediately within any section of the
foundation when it has met the specification and received the approval of the
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Owner’s engineer, except those areas where drilling and grouting are to be
performed.
5-2.2 Earth Foundation
The Owner’s engineer shall inspect the area immediately after excavation and, if
it meets his approval, the required fill shall then be immediately applied except
where drilling or grouting is required. Where soft or excessively wet foundation
material is encountered, such material shall be excavated to firm material as
judged by Owner’s engineer.
5-3.0 CONSTRUCTION OF BEDROCK FOUNDATIONS
5-3.1 Bedrock Foundations Under Rock Fill and Rock-Soil Fill
All rock overhangs or steeply sloping rock surfaces shall be excavated to the lines
and grades shown on the drawings or as the Owner’s engineer requires. After
completion of excavation to the foundation elevation under rock fill and rock-soil
fill. The foundation subgrade shall be prepared by removing loose and/or
weathered rock and pockets of fines, sand, rock rubble or gravel and other
objectionable material from the in-place rock surface including areas of
depression, large crevices, and open rock joints. All soil and debris must be
removed from potholes, joints, cracks, and cavities. Joints and cavities shall be
excavated to the greatest depth practicable. At the direction of the Owner’s
engineer, the contractor shall backfill cavities, joints, cracks, and potholes with
either concrete or rock fill to be compacted using the approved power tampers as
specified in Specification CE-006, Fill.
The work shall be performed so as to present a regular surface on which to place
rock or rock-soil fill. Contractor shall protect exposed surfaces prior to the
placement of fill material. Any concrete or slurry grout material that has been
damaged or has deteriorated prior to the placement of rock and rock-soil fill shall
be removed and replaced by contractor at no additional compensation.
5-3.2 Bedrock Foundations Under Impervious Fill Zones
After the overburden has been removed to the design elevation, the foundation
subgrade shall be prepared by removing loose and/or weathered rock and pockets
of fines, sand, rock rubble or gravel and other objectionable material from the inplace rock surface including areas of depression, large crevices, and open rock
joints. The final rock foundation subgrades shall be thoroughly cleaned by use of
water jets, compressed air jets, or other approved method, and all materials shall
be removed from cavities, potholes, and exposed open joints and cracks. Where
open joints or cracks are infilled with seams of sand and clay or other soft or
undesirable materials, they shall be cleaned out to the greatest depth practicable
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with the aid of trowels, prey-bars, and air and water jets as required to perform the
work.
Thin surface cracks and fractures shall be filled with slurry grout whereas zones
of badly fractured rock may be capped with lean concrete. Slurry grouting shall
be in accordance with Specification CE-015, Drilling and Grouting. Potholes and
cavities may be filled with concrete or approved impervious fill compacted by
approved power tampers as specified in Specification CE-006, Fill. The work
shall be performed so as to present a regular surface on which to place impervious
fill. Contractor shall protect exposed surfaces prior to the placement of fill
material. Any concrete or slurry grout material that has been damaged or has
deteriorated prior to the placement of impervious fill shall be removed and
replaced by contractor at no additional compensation.
5-3.3 Bedrock Foundations Directly Under Structures
After the overburden has been removed to the design elevation, the foundation
subgrade shall be prepared by removing loose and/or weathered rock and pockets
of fines, sand, rock rubble or gravel and other objectionable material from the inplace rock surface including areas of depression, large crevices, and open rock
joints. The final rock foundation subgrades shall be thoroughly cleaned by use of
water jets, compressed air jets, or other approved method, and all materials shall
be removed from cavities, potholes, and exposed open joints and cracks. Where
open joints or cracks are infilled with seams of sand and clay or other soft or
undesirable materials, they shall be cleaned out to the greatest depth practicable
with the aid of trowels, prey-bars, and air and water jets as required to perform the
work.
Thin surface cracks and fractures shall be filled with slurry grout. Slurry grouting
shall be in accordance with Specification CE-015, Drilling and Grouting.
Overexcavations shall be filled with the same concrete as is used for the concrete
foundation.
5-4.0 CONSTRUCTION OF EARTH FOUNDATIONS
5-4.1 Earth Foundations Under Rock Fill and Rock-Soil Fill
After completion of excavation, earth foundation subgrades shall be drained and
cleaned of unconsolidated or wet materials, debris, or other weak and
objectionable materials to the satisfaction of Owner’s engineer before fill
materials are placed. Immediately after approval of the prepared surface, all areas
to be covered by rock fill and rock-soil fill shall be immediately covered with a
layer of compacted rock-soil material as specified in Specification CE-006, Fill.
Additional layers of rock fill or rock-soil material, as required by the
specifications, shall be applied immediately following compaction, testing, and
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approval of the first layer to prevent softening of the prepared surface. If, in the
opinion of the Owner’s engineer, any previously approved surfaces becomes
contaminated with objectionable material, the placed materials shall be removed
and the foundation prepared again to the approval of Owner’s engineer and at no
additional compensation.
5-4.2 Earth Foundations Under Impervious Fill Zones
After excavating, the foundation under either impervious rolled or impervious
dumped fill zones shall be drained and cleaned of loose or wet materials, any
pervious soils and debris, or other weak and objectionable materials, and the
edges feathered at soil-rock contacts to the approval of Owner’s engineer before
fill material is placed. When the earth foundations for the impervious fill have
been excavated to final grade, the Owner’s engineer may require that this surface
be scarified and loosened by means of a ripper or other method, and that the entire
foundation area for the impervious fill be compacted to the requirements of
Specification CE-006, Fill. If necessary, Owner’s engineer may require that the
surface be moistened or dried prior to the placing of the impervious fill to create a
satisfactory bond between the foundation and the fill materials.
5-4.3 Proofrolling
Proofrolling shall be performed with appropriate equipment at the direction of the
Owner’s engineer in the presence of the testing agency. When specified, the earth
foundation, prior to the placement of fill or footings, having been stripped of all
vegetation and organic matter, will be scarified. Water will be added if, in the
opinion of the Owner’s engineer, it is necessary, and then the foundation will be
compacted as per the specifications for the particular type of material contained in
Specification CE-006, Fill.
Soft or unsuitable material shall either be removed and replaced or recompacted.
If bearing areas are not suitable, the Contractor may be required to carry the
excavation deeper to more suitable bearing material and backfill with compacted
fill per Specification CE-006, Fill. Approved subgrades shall be protected against
damage by construction equipment, rain, frost, or other causes, which could
impair the bearing capacity of the subgrade. If the bearing capacity is impaired
before fill or concrete is placed upon subgrade, scarification, moisture
conditioning and/or recompaction shall be performed. The bearing area shall be
relatively smooth at the time of placement of concrete.
The equipment used for proofrolling shall be equipment such as a dump truck
loaded with a minimum of 6 cubic yards of soil or a minimum 15 ton pneumatictired roller having not less than 4 pneumatic wheels. Under working conditions
the roller shall deliver a compression of not less than 150 pounds per square inch
of tire tread. Compact the surface of the subgrade to be proofrolled. Proofroll the
CE-005
Revision 2
May 3, 2006
Page 4 of 5

surface by making a minimum of two coverage’s with the proofrolling equipment
at a speed not greater than 3 mph. Each succeeding trip of the proofroller shall be
offset by not greater than one tire width. Make additional passes over areas of
suspected instability.
The subgrade shall be considered failed if, under the action of proofrolling, the
subgrade yields, pumps, or is otherwise unstable as determined by the Owner’s
engineer. Remove all failed areas a minimum depth of two feet or as directed by
Owner and replace with satisfactory fill approved by the Owner’s engineer
compacted as specified for “Structural Fill” in Specification C-006, Fill. No fill
shall be placed until the subgrade has been accepted by the Owner’s engineer.
5-5.0 MEASUREMENT FOR PAYMENT
The units of measurement for payment for all work specified are established below.
Contractor’s bid prices shall cover all costs of performing the work of foundation
preparation including the furnishing of labor and materials.
•

Excavation of unsuitable materials shall be performed and measured in accordance
with Specification CE-004, Excavation.

•

Measurement for payment for the preparation of bedrock foundations will be made
for the actual surface areas, measured in square yards, of all surfaces prepared as
required by Owner’s engineer. Calculations shall be based on the actual area of
panels with minimum dimensions of 5’ by 5’ with no allowances made for local
irregularities within that area.
Measurement for payment for slurry grout and lean concrete shall be in accordance
with Specification CE-015, Drilling and Grouting.

•
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SPECIFICATION FOR FILL
CE-006

6-1.0 DESCRIPTION OF WORK
The work to be performed under this specification shall consist of spreading and
compacting fill material to the elevations, lines, grades, and cross-sections
indicated on the project drawings.
6-2.0 DEFINITIONS
The type of fills specified and definitions of compaction methods are defined as
follows.
6-2.1 Cohesive Soils
All clays and other clayey-silt or clayey-sand soils in which the absorbed
water and particle attraction work unitedly to produce a mass which holds
together and deforms plastically at varying water contents, shall be
designated as cohesive soils.
Cohesive material is suitable for use as both “General Fill” and “Structural
Fill” if it contains not more than 1 percent organic or other deleterious
material, has a maximum rock size of 2 inches, has a liquid limit of less
than 40 and a plasticity index of less than 25. Acceptable cohesive
materials are soils, which are classified as GC, SC, ML, CL, (or GM, GPGM, GW-GM, SW-SM, SP-SM, or SM if the fines are plastic) in the
Unified Soil Classification System, ASTM D2487.
6-2.2 Granular Soils
Sand, gravel, sand and gravel, bottom ash, boiler slag, and crushed stone
having a top size no greater than 1.5” in diameter and a fines content of no
more than 12% by weight passing the No. 200 sieve as determined by
ASTM D1140.
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These specifications may be used for all boiler slags and bottom ash
obtained from the Big Sandy, Clinch River, Conesville, Gavin, Mitchell,
Muskingum River, Sporn, and Tanners Creek Plants. Boiler slag or
bottom ash from other plants may only be used with the specific written
permission of the Civil engineering Division of AEPSC, and in
accordance with specific instructions issued at that time.
6-2.3 Soft Rock and Rock-Soil Mixtures
Soft rock and rock-soil mixtures shall consist of claystones, mudstones,
shales, highly weathered rock and general random combinations of rock
and soil. The maximum size of the rock in the fill shall be 6” in diameter.
This material shall not be used in the upper 6 feet of fills beneath
structures or within 2 feet of buried utilities.
6-2.4 Rockfill
Rockfill shall consist of relatively hard, clean rocks with fines content of
less than 5% by weight passing the No. 200 sieve as determined by ASTM
D1140, and with a maximum size as indicated in the project specifications
or on the project drawings. Rockfill shall not be used in structural fills
beneath structures.
6-2.5 Silt
Silt is a soil in which the particle size is from 0.002 to 0.074 mm and
which possesses little or no plasticity or cohesion (PI < 4 in general). Silt
shall not be used as fill directly beneath structures.
6-2.6 Fly Ash
Fly ash is the finely divided residue that results from the combustion of
ground or powdered coal and which is collected from the exhaust gases by
electrostatic or mechanical precipitators or fabric filters. Fly ash is,
typically, made up of spherical, uniform particles ranging in size from 1
micron to 100 microns. Fly ash shall not be used as fill directly beneath
structures.
6-2.7 FGDS
FGDS is an acronym for Flue Gas Desulfurization Sludge. The FGDS is a
fixated mixture of FGD filter cake, fly ash, and the fixating agent that is
usually lime. The material is primarily silt sized and typically has a
moisture content of 35% to 65% or higher.
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6-2.8 Hand Compaction
Fill which is placed adjacent to walls or other structures which are
sensitive to lateral loads induced by compaction, including conduits, pipes,
multiple arches and ellipses, or other structures so designated by the
Owner’s engineer shall be hand compacted.
Hand compaction shall be defined as the compaction effort produced by
manually tamping the soil or by compacting with the following types of
equipment: gas or diesel tamper, vibratory plate compactor, trench
compactors, and vibratory or static rollers with a maximum drum width of
33” or less.
6-2.9 Structural Fill
Structural Fill is fill placed beneath equipment, buildings, tanks, walls,
retaining walls, conveyor foundations and other similar structures or
equipment sensitive to settlement. "Structural Fill" is also fill placed
beneath roads and railroad tracks and fill supporting buried structures such
as drainage manholes, electrical manholes and vaults, and underground
tanks and oil separators.
6-2.10 General Fill
General Fill is fill which does not support structures and fill for areas
which are not exceptionally sensitive to settlement. "General Fill"
includes fill for laydown and work areas, unpaved parking areas, material
storage areas, and tank spill containment compounds.
6.2.11 Thermal Backfill Material
Backfill material shall consist of particles of rock that will pass the No. 4
(4.75mm) sieve and be retained on the No. 200 (0.75mm) U.S. Standard
Sieve.
The material shall be bonded, subangular sand, preferably silicic sand (the
primary constituent of which is quartz).
The material shall contain kaolin-base clay, in an amount not less than 5%
and not more than 8%.
The dry compacted density shall be approximately 2,700 pounds per cubic
yard.
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The material shall be free of rubble, stones, organic matter, salts, ashes,
cinders, other boiler wastes, and any other material(s) which may injure
the cable or conduit or increase the thermal resistivity of the backfill.
The material shall conform to the following sieve analysis (sieve sizes are
U.S. Standard Series):
Sieve Size

% Passing By Weight

3/8”
#4
#8
#16
#30
#100
#200

100
95 – 100
85 – 95
60 – 75
35 – 60
10 – 30
2-8

6-3.0 FOUNDATION PREPARATION
Foundation preparation for fills shall be done in accordance with Specification
CE-005, Foundation Preparation. Proofrolling is required prior to placement of
the initial lift. No fill shall be placed until the subgrade has been accepted by the
Owner’s engineer.
6-4.0 CONSTRUCTION OF FILLS
6-4.1 Submittals
Samples of materials to be used as fill shall be submitted 30 days prior to
use to verify compliance with these specifications.
6-4.2 Placement
Fill shall not be placed upon frozen surfaces nor shall snow, ice, or frozen
earth be incorporated in the fills. Fill shall be placed in lifts to the nominal
loose thickness tabulated below unless otherwise specified in the project
specifications:

CE-006
Revision 1
November 8, 2006
Page 4 of 14

Cohesive Soils
Granular Soils
Hand Compaction
Soft Rock and Rock Soil
Rock
Fly Ash
FGD Sludge

8”
9”
3”
9”
18”
12”
12”-48”

Successive lifts shall not be placed until the lift under construction has
been compacted in accordance with the requirements of paragraph 6-6.0 of
this specification, tested, and approved by the Owner’s engineer.
6-4.3 Slopes
Fills shall be sloped and crowned to prevent the ponding of water. The
slope and crown shall be maintained throughout construction. Cohesive
fill areas not being worked prior to periods of anticipated precipitation
shall be uniformly sloped transversely and longitudinally and given a
smooth tight surface to shed water. Temporary construction slopes within
the fill shall not be steeper than 2.0 horizontal to 1.0 vertical. The exterior
slopes of all fills shall be graded and dressed smooth prior to the placing
of any slope protection (e.g., topsoil, stone, etc.). For areas designated as
root zones, the fill shall be placed in 12” thick loose lifts and compacted
by four passes of the specified compactor.
If the fill is to be placed on an original hillside or an existing embankment
with slope of between 5 and 20 percent, the original ground shall be
scarified to a depth of 6 inches to provide a bond between the ground and
the fill to be placed thereon and the first layer of fill shall be placed,
blended and compacted.
If the fill is to be placed on an existing hillside or embankment which has
a slope of greater than 20 percent, the fill shall be keyed into the toe of the
slopes of the original hillside or the existing fill and shall be continuously
benched to key the fill into the underlying ground to ensure that new Work
is constructed on a firm foundation free of loose or disturbed material.
Keys at the toe shall be 10 feet wide by 1 foot deep.
Benches on the slope shall be a minimum of 1 foot deep normal to the
slope and about 10 feet wide. Benches shall slope 2 percent downhill and
shall be horizontal longitudinally, following the natural contours. Material
excavated from benches shall be mixed with new fill and compacted.
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All fills shall be constructed to a line not more than 6” outside the
designated lines shown on the drawings.
6-5.0 MOISTURE CONTROL
6-5.1 Cohesive Soils
All cohesive soils used for fill shall have a moisture content as designated
in the project specifications or on the project drawings. In the absence of
a project specification moisture content range, the contractor shall ensure
that the moisture content is sufficient to allow the soil to be compacted to
a minimum of 95% of the maximum density as determined by ASTM
D698 (Standard Proctor) for general fill. Acceptable moisture range is ± 3
percent of the optimum moisture content. If the material is to directly
support structures, it shall be compacted to a minimum of 100% as
determined by ASTM D698 and the moisture content shall be ± 2 percent
of the optimum moisture content.
If the fill is too dry, sufficient water shall be added to the material by a
method approved by the Owner’s engineer to bring the moisture content
into the acceptable range. If the fill material is too wet, the material shall
be disced, harrowed, or otherwise aerated to reduce the moisture content
to within the specified limits. In addition, the moisture content of the fill
shall be relatively uniform for each lift. If, in the opinion of the Owner’s
engineer, the moisture content of any lift is too variable, that lift shall be
disced, scarified, or mixed by an approved technique to provide relatively
uniform moisture content.
6-5.2 Granular Soils
Granular soils shall have sufficient water applied to the fill immediately
ahead of the compactor to ensure adequate saturation of the material
during compaction to achieve the required in place density.
6-5.3 Soft Rock and Rock-Soil Mixtures
All soft rock and rock-soil mixtures shall have a moisture content for the
minus ¾” fraction of the material in the range designated in the project
specifications or on the project drawings. In the absence of a project
specified range, the contractor shall ensure that the moisture content for
the minus ¾” fraction is sufficient to allow the material to be compacted to
a minimum of 95% of the maximum density as determined by ASTM
D698 (Standard Proctor). All the provisions of Section 6-5.1 shall apply
to these soils.
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6-5.4 Rock
There is no moisture content requirement for the compaction of rock fills.
6-5.5 Silt
Silt fill shall have a moisture content as designated in the project
specifications or on the project drawings. In the absence of a project
specified moisture content range, the contractor shall ensure that the
moisture content is sufficient to allow the soil to be compacted to a
minimum of 95% of the maximum density as determined by ASTM D698
(Standard Proctor). Acceptable moisture range is ± 3 percent of the
optimum moisture content. When the fill is too dry, sufficient water shall
be added to the material by a method approved by the Owner’s engineer to
bring the moisture content into the acceptable range. When the fill
material is too wet, the material shall be disced, harrowed, or otherwise
aerated to reduce the moisture content to within the above specified
limited.
6-5.6 Fly Ash
Fly ash fill shall have a moisture content as designated in the project
specifications or on the project drawings. In the absence of a project
specified moisture content range, the contractor shall ensure that the
moisture content is sufficient to allow the soil to be compacted to a
minimum of 95% of the maximum density as determined by ASTM D698
(Standard Proctor). When the fill is too dry, sufficient water shall be
added to the material by a method approved by the Owner’s engineer to
bring the moisture content into the acceptable range. When the fill
material is too wet, the material shall be disced, harrowed, or otherwise
aerated to reduce the moisture content to within the above specified limits.
6-5.7 FGDS
The moisture content of the FGDS is determined at the producing plant,
and, because of the nature of the material, adjusting the moisture content
in the field (specifically lowering it) is impractical. Therefore, unless
moisture control requirements are addressed in the project specifications,
there are no moisture control requirements for FGDS. However,
compaction controls shall be in accordance with Section 6-6.7 of this
specification.
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6-6.0 COMPACTION
All compaction equipment shall be inspected by the Owner’s engineer prior to
use. Contractor will cooperate with Owner’s engineer by correcting any
equipment problems noted in the inspection. Cleaning teeth on sheepsfoot rollers
shall be checked for wear and properly adjusted. The frequency of vibration of
vibratory rollers shall be checked, and shall be at the manufacturer’s specification
prior to use.
6-6.1 Cohesive Soils
Each lift of cohesive material shall be placed in near horizontal layers and
compacted with a sheepsfoot or padfoot roller or compactor to a minimum
dry density of 95% of the Standard Proctor maximum density as
determined by ASTM D698 for general fills and 100% for structural fills.
In the absence of field density and Proctor testing, the cohesive soil shall
be compacted by a minimum of six complete coverages of the compactor.
The compactor shall be weighted such that its feet or pads penetrate the
entire lift in the initial pass and walk out about one half their length during
the application of the coverages. The Owner’s engineer shall have the
right, at any time during the execution of the work, to vary the weight of
the roller to secure optimum compaction. The compaction units shall
travel at speeds that do not cause the pads or feet to churn up or toss the
soil. Each coverage shall overlap the adjacent coverage a minimum of 1’.
If the compacted surface is too dry or too smooth in the opinion of the
Owner’s engineer to bond properly with the succeeding lift, it shall be
moistened, scarified, or loosened by discing, harrowing, or any other
approved method prior to placement of the succeeding layer.
When the surface of a lift is sealed for weather protection with a smooth
drum or pneumatic tired roller, that surface shall be scarified prior to
placing the succeeding lift. The total depth of the succeeding lift,
including the scarified material, shall be a nominal 6” (loose). When
contractor utilizes compactors with tandem drums (e.g., Cat 825), one
machine pass equals one compaction pass unless otherwise stated in
writing by the Owner’s engineer.
Large continuous areas shall be uniformly filled to cover the entire length
and width of the area to be filled before the next layer of material is
placed.
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6-6.2 Granular Soils
The compaction unit shall be a pull type or self-propelled vibratory
compactor of a type submitted for review and approval by the Owner’s
engineer prior to mobilizing it. Each lift shall be compacted to the relative
density as determined by ASTM D4253 and ASTM D4254, designated in
the project specifications or on the project drawings. In the absence of a
project designated relative density, the material shall be compacted to a
minimum relative density of 80% for general fills and 85% for structural
fills. If in-situ density and relative density testing cannot be performed,
then the material shall be compacted by six complete coverages of the
approved roller. The compaction units shall travel at speeds not exceeding
2.5 miles per hour. Each coverage shall overlap the adjacent coverage a
minimum of 18".
6-6.3 Hand Compacted Backfill
Each 4” loose lift of backfill material shall be compacted with four
coverages of the equipment referenced in Section 6-2.8. The power of the
engine driving the vibratory compactor shall be such as to maintain the
maximum frequency and vibratory impact force specified in the
manufacturer’s operation manual. Each coverage shall overlap the
adjacent coverage by 20% of the width of the compactor.
Backfill placing and compacting adjacent to concrete structures shall not
commence until a minimum of three days has elapsed after the concrete
was poured. Backfill shall be kept at equal heights around the structure so
as not to induce unequal stresses on the structure as the backfill is placed.
In addition, hand compaction will be performed to the following minimum
horizontal distance requirements from adjacent structures before machine
compaction can commence. For structural walls and rigid retaining walls
a minimum horizontal distance of 3’ + H shall be maintained where “H” is
the height differential between the backfill as it is being placed and the
grade elevation of the inward side of the wall (see Sketch 6 A-1).
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6-6.3.1 Special Requirements
The transporting, unloading, and spreading of backfill material
for hand compaction shall be done with equipment that does not
exceed a static weight of 1 ton. Large dozers, endloaders, or
other similar equipment used to transport, unload, and spread
backfill material for machine compaction shall conform to the
minimum distances form structures as specified in Section 6-6.3
of this specification.
Under no circumstances shall any equipment come in contact
with any structure. If contact does occur, all work shall
immediately cease, the Owner’s engineer shall be notified, and a
damage inspection made. In the event of structural damage, the
contractor will either make the repairs under the direction of the
Owner’s engineer or be billed for such repairs made by another
contractor under the Owner’s engineer’s directions.
In the event that a hand operated vibratory compactor cannot be
used immediately adjacent to the structure because of possible
structural damage (i.e., dowels outside of the concrete,
interferences with conduit sleeve, or other obstructions
necessitating hand tampers), hand tampers are to be used. The
hand tampers shall not weigh less than 20 lbs. and shall have a
tamping face not larger that 6” x 6”. Backfill lifts shall not
exceed 3”. Hand tamping shall be performed using a minimum
of four tamps with an average drop of 24” per tamp lift.
When applicable specifications do not specify a minimum
strength requirement for newly placed concrete structures prior to
backfilling, compaction of fill adjacent to structures shall not be
started until the following intervals have elapsed:
Footings and slabs
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24 hours

Walls, columns and piers backfilled on all
sides simultaneously

7 days

Retaining walls where ratio of depth of fill
to wall thickness is less than three

7 days

Retaining walls where ratio of depth of fill
to wall thickness is greater than three

14 days

6-6.4 Soft Rock and Rock-Soil Mixtures
Soft rock and rock-soil mixtures shall be compacted with a vibratory
sheepsfoot roller to a minimum of 95% of the Standard Proctor maximum
density for the minus ¾” fraction, as determined by ASTM D698 for
general fills. The roller shall be approved by the Owner’s engineer. Each
coverage of the roller shall overlap the adjacent coverage by at least 1’.
The roller shall vibrate at a minimum frequency of 30 cps. Care shall be
taken to prevent nesting of larger rock pieces in the fill.
6-6.5 Rockfill
Rockfill materials shall be compacted with four complete coverages of the
treads of a D8 bulldozer or equivalent approved by the Owner’s engineer.
Care shall be taken to prevent nesting of rock pieces in the fill.
6-6.6 Fly Ash
Fly ash shall be compacted with a pneumatic tired compactor or a smooth
drum, vibratory, or static roller (towed or self propelled) to a minimum of
95% of the Standard Proctor maximum density as determined by ASTM
D698.
6-6.7 FGDS
FGDS shall be tracked in with the treads of a bulldozer using low ground
pressure tracks when placed in lifts exceeding 12” in thickness. The
bulldozer shall endeavor to crush all large clods or boulders of FGDS that
may have formed during the initial setting phase at the plant stackout pad.
When constructing engineered fills using FGDS, test pads will be
constructed to determine the optimum compaction methods (including
equipment type, lift thickness, and number of passes). The Owner’s
engineer shall direct the construction of the test pad and the test
procedures to be used in determining the optimum compaction methods.
6-7.0 WATER CONTROL
Contractor shall maintain all fill operations free of water by ditches, sumps,
pumping, or other methods approved by Owner’s engineer. Each layer of fill
shall be placed so that the surface is free draining. Runoff and other water shall
be directed in ditches and channels to a natural waterway or into the site drainage
system. Water directed off the site shall be treated for silt and sediment removal
in accordance with Specification CE-007, Erosion and Sediment Control, and in
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accordance with federal, state, and local laws. All water from fills, embankments,
or natural slopes shall be directed to minimize erosion.
Where springs or seepage are present in the area to be filled, the contractor shall
construct groundwater intercept drains or French drains (stone filled ditches) as
directed by the Owner’s engineer prior to placing any fill. These drains shall
discharge beyond the limits of the fill.
6-8.0 DUST CONTROL
The Contractor shall be responsible for obtaining a dust control permit and shall
be responsible for controlling dust caused by the grading operation in compliance
with that permit. Water shall be applied uniformly and lightly to prevent muddy,
slippery or other hazardous conditions. The application shall be frequent enough
to adequately control the dust nuisance. However, excessive application that
would affect compacting operations shall be avoided.

6-9.0 GRADING TOLERANCES
The acceptable deviation from lines and grades indicated on the project drawings
shall be as shown in Table 1. The Contractor shall use data from that table which
is applicable to the project.
6-10.0 MEASUREMENT FOR PAYMENT
The unit of measure for payment shall be the cubic yard of each type of fill
placed. The quantities of each type of fill to be paid for shall be the total number
of cubic yards of material placed, compacted, and constructed to the lines and
grades shown on the project drawings. Volumes will be computed from field
cross-section measurements of the compacted fill. For progress payments, the
quantities to be paid for will be based either on load counts of fill materials placed
or interim field surveys or any other proposed method acceptable to the Owner’s
engineer. The quantity records shall be kept on a daily basis with daily and
cumulative total submitted to the Owner’s engineer on a weekly basis.
For final payment, either actual cross-sections shall be used or quantities shall be
calculated from lines and grades shown on the drawings where cross-sections
cannot be obtained. The payment will be considered full compensation for all
work performed in constructing the fill as specified, including payment, moisture
control, compaction, proofrolling, and water control (excluding French drains).
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For the compacted structure backfill requirements, the contractor shall submit to
the Owner’s engineer prior to the start of work a method and form to be used for
accounting purposes for tracking the quantities of hand compacted backfill placed
by the contractor.
TABLE 1

ACCEPTABLE DEVIATION
Maximum
Acceptable
Type of Installation-Excavation or Fill
Deviation From
Line (Feet)
General Earthwork
Building Area
General Site Area
Parking Lot
Switchyard
Material Storage Area
Roads and Tracks
Road Embankment or Subgrade
Track Embankment or Subgrade
Drainage Facilities
Permanent Drainage Channel
Slope Drainage Benches and Drainage
Diversion Dikes
Ponds and Spill Containment Areas
Pond Dikes and Top Edge of Excavated
Ponds
Pond Bottoms (Top of Liner)
Oil Spill Containment Area Dikes
Spill Containment Area Top of Liner

Maximum
Acceptable
Deviation From
Grade(1) (Feet)

±0.3
±0.3
±0.3
±0.3
±0.5

+0.0 to -0.1
±0.2
±0.1
±0.1
+0.1 to - 0.3

±0.2
±0.1

+0.1 to -0.0
+0.1 to -0.0

±0.3

0.0 to - 0.1

±0.5

±0.1

±0.5

+0.25 to -0.0

±0.5
-

+0.1 to - 0.2
+0.1 to -0.0
±0.1

Notes:
After initial settlement has taken place. Initial settlement is that settlement that will occur
up to the time of determination and acceptance of final grade elevations by the Owner.
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SECTION CE-006A
EARTHWORK (BACKFILL) TESTING
PART 1 - GENERAL
101.

EXTENT
The intent of this Specification is to define the requirements for Earthwork Testing to be
performed by a Testing Service hired by Owner.

101.1

The Work shall include, but not be limited to, the following items:

a.

Testing for suitability of material prior to and during use.

b.

Visual observations.

c.

Laboratory testing of materials.

d.

Field-testing to assure compliance of materials and placement procedures with Design Drawings
and Specifications.

102.

REFERENCE DOCUMENTS

102.1

Standards, Specifications, manuals, codes and other publications of nationally recognized
organizations and associations are referenced herein. Methods, Equipment and materials specified
herein shall comply with the specified and applicable portions of the referenced documents, in
addition to federal, state or local codes having jurisdiction.

102.2

References to these documents are to the latest issue date of each document, unless otherwise
indicated, together with the latest additions, addenda, amendments, supplements, etc., thereto, in
effect as of the date of Contract for the Work.

102.3

Abbreviations listed indicate the forms used to identify the reference documents in the
Specification tests.

102.4

ASTM - American Society for Testing and Materials

a.

D422 - Test Method for Particle-Size Analysis of Soils.

b.

D698 - Test Method for Laboratory Compaction Characteristics of Soil Using Standard Effort.

c.

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

d.

D1556 - Test Method for Density and Unit Weight of Soil in Place by the Sand-Cone Method.

e.

D1557 - Test Method for Laboratory Compaction Characteristics of Soil Using Modified Effort.

f.

D2167 - Test Method for Density and Unit Weight of Soil In Place by the Rubber Balloon
Method.

g.

D2216 - Test Method for Laboratory Determination of Water (Moisture) Content of Soil and
Rock.

h.

D2434 – Test Methods for Permeability of Granular Soils (Constant Head).

i.

D2487 - Classification of Soils for Engineering Purposes (Unified Soil Classification System).

j.

D2488 - Practice for Description and Identification of Soils (Visual-Manual Procedure).
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k.

D2922 - Test Methods for Density of Soil and Soil-Aggregate in Place by Nuclear Methods
(Shallow Depth).

l.

D3017 - Test Methods for Water Content of Soil and Rock in Place by Nuclear Methods (Shallow
Depth).

m.

D3385 - Test Method of Infiltration Rate of Soils in Field Using Double Ring Infiltrometer.

n.

D4253 - Test Methods for Maximum Index Density and Unit Weight of Soils Using a Vibratory
Table.

o.

D4254 - Test Method for Minimum Index Density and Unit Weight of Soils and Calculations of
Relative Density.

p.

D4318 - Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of Soils.

q.

D5084 – Test Methods for Measurement of Hydraulic Conductivity of Saturated Porous Materials
Using a Flexible Wall Permeameter.

r.

D5093 – Test Method for Field Measurement of Infiltration Rate Using a Double-Ring
Infiltrometer with a Sealed Inner Ring.

103.

SUBMITTALS
Testing Service shall submit the following documentation and data. Testing Service’s
documentation and data shall be submitted via electronic medium in a format compatible for
importing into Owner's information systems specified by Owner.

103.1

Documentation

a.

Documentation shall include the following:

a1.

Daily records.

a2.

Testing records and data sheets.

a3.

Photographic records if requested by Owner.

a4.

Acceptance report.

a5.

Final report.

b.

All records shall, at a minimum, bear the following:

b1.

Uniquely identifying sheet number.

b2.

The date.

b3.

Project name, project number and location.

b4.

Descriptive remarks.

b5.

Data for tests.

b6.

Written text descriptions for visual observations.

b7.

Signature of the Preparer or designated authority.

c.

An index or summary report shall be prepared listing all records and reports. The index shall be
assembled in a chronological framework for recording and identifying all reports.
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103.2

Daily Records

a.

Daily records shall include:

a1.

Inspection data sheets.

a2.

Data sheets listing the number and types of construction Equipment in use by the Contractor and
construction Equipment data.

a3.

Problem identification reports.

a4.

Corrective action reports.

b.

Problem identification reports and corrective action reports shall include detailed descriptions of
materials and/or workmanship that do not meet a specified design and shall be cross referenced to
specific inspection data sheets where the problem was identified and corrected.

103.3

Testing Records

a.

Testing records shall include:

a1.

Data sheets describing field samples taken.

a2.

Laboratory data sheets.

a3.

Field test data sheets.

a4.

Notes, charts, Drawings, or sketches identifying the location and elevation of field tests or where
samples were obtained.

103.4

Photographic Records

a.

Photographic records shall include:

a1.

Mounted photographs, each with a unique identifying number.

a2.

Chart indicating the location from which each photograph was taken.

a3.

Summary list giving the date and time of each photograph.

103.5
a.

103.6

Acceptance Report
All reports and data sheets shall be assembled and summarized into an acceptance report in order
to verify that the materials and construction procedures comply with specified design. As a
minimum this report shall contain all inspection summary reports, inspection data sheets, problem
identification reports and corrective action reports. The acceptance report shall be prepared by the
Field Inspector and updated on a daily basis.
Final Report

a.

Report Preparation:

a1.

A final report shall be prepared by the Testing Engineer. The final report shall contain all data
sheets, testing records, reports and photographs concerning items which were tested.

b.

Certification:

b1.

The Testing Engineer shall certify the final report and submit the original and three copies to
Owner, and one copy to the Contractor.
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103.7

Submittals

a.

The Testing Service shall submit the following documents:

a1.

Qualifications of Testing Engineer, Field Inspectors, and Laboratory Technicians listed in
Paragraph 105.

a2.

Documentation described in Paragraph 103.1.

a3.

Procedures that will be followed for calibration of testing Equipment.

104.

PROJECT MEETINGS AND AUDITS

104.1

Project meetings shall be held on a periodic basis during the lifetime of the project. The meetings
shall include:

a.

A preconstruction meeting.

b.

Daily progress meetings.

c.

Additional meetings as required to discuss problems or Work deficiencies.

104.2

Preconstruction Meeting

a.

The preconstruction meeting shall be used to discuss:

b.

Design plans and Specifications.

c.

The responsibilities of each party.

d.

The lines of authority and communication.

e.

Field and laboratory test requirements and sample sizes.

f.

Procedures for observance of tests.

g.

Coordination between the Contractor and the Field Inspector to obtain timely field samples and
tests.

h.

Procedure for handling construction deficiencies, repairs, and retesting.

i.

Work area security and safety protocol.

j.

Conduct a site visit.

104.3
a.
104.4
a.

Daily Meetings
Daily meetings shall be held at the completion of each day’s work to review the work schedule,
work completed, results of tests, and to discuss potential construction problems.
Additional Meetings
Additional meetings between the Contractor, the Field Inspector, and the Testing Engineer (if
necessary) shall be held immediately after a Work deficiency is identified or a problem arises.
These meetings shall be used to define and resolve the deficiency or problem.

105.

QUALITY ASSURANCE

105.1

Responsibilities of Testing Personnel
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a.

Testing Engineer:

a1.

The Testing Engineer shall be responsible for the performance of activities specified herein, such
as inspection, sampling, testing, and documentation; and for preparation of and certification of the
Final Report. In addition he shall have the responsibility of daily coordination with Field
Inspectors, the Contractor, and Owner to discuss daily progress, review completed Work, perform
visual inspections, review test results and discuss and resolve any current or potential construction
problems.

b.

Field Inspector:

b1.

The Field Inspector shall be responsible for performing visual examinations and for performing
field and laboratory tests. He shall be responsible for reporting to the Testing Engineer the results
of any inspections or Work that is of unacceptable quality or that does not meet the specified
design requirements. The Field Inspector shall be under the direct supervision of the Testing
Engineer.

105.2

Qualifications of Testing Personnel

a.

Testing Engineer:

a1.

The Testing Engineer shall be a registered professional civil engineer or a certified engineering
geologist in the State in which the Work is to be performed who possesses sufficient practical,
technical, or managerial experience and adequate communication skills to successfully oversee
and implement Earthwork Testing activities.

b.

Field Inspector:

b1.

The Field Inspector shall have adequate formal academic training and sufficient practical and
technical experience needed to execute and record inspection activities conducted at the site and
perform laboratory and field-testing. This includes demonstrated knowledge of:

b1.1

Field practices relating to construction techniques used for the type of earthwork being performed.

b1.2

Construction and compaction Equipment.

b1.3

All permit requirements, codes and regulations concerning material and Equipment installation.

b1.4

Observation and testing procedures.

b1.5

Testing Equipment.

b1.6

Documentation procedures.

b1.7

Site safety.

PART 2 – PRODUCTS
Not Applicable
PART 3 - EXECUTION
301.

GENERAL REQUIREMENTS FOR VISUAL OBSERVATIONS DURING TESTING

301.1

Scope

a.
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This paragraph describes requirements for visual observations that shall be provided for all types
of testing.

301.2

Visual Observations

a.

Record daily atmospheric conditions. Take appropriate actions when unsuitable construction
conditions exist.

b.

Record type and size of compaction Equipment in use.

b1.

For sheepsfoot rollers, record the drum diameter and length, empty and ballasted weight,
arrangement of feet, length and face area of feet, and the yoking arrangement.

b2.

For rubber-tired rollers, record the tire inflation pressure, spacing of tires, and empty and ballasted
wheel loads.

b3.

For vibratory rollers, record the static weight, imparted dynamic force, operating frequency of
vibration, and drum diameter and length.

b4.

For hand tampers, record make, model number, size, and compactive effort.

c.

Observe and record compactive effort, uniformity of compaction and scarification and connection
between compacted lifts. Record number of passes of a roller by type, size, and weight of roller.

d.

For proofrolling, record the type, size, and weight of compaction Equipment or other vehicles used
for proofrolling.

302.

INSPECTION AND TESTING OF THE SUBGRADE

302.1

Scope

a.

This paragraph describes requirements for inspection and testing for:

a1.

Subgrade to receive fill.

a2.

Subgrade beneath foundations.

a3.

Subgrade beneath liners.

302.2

Visual Observations of the Subgrade

a.

Visual Observations shall include:

a1.

Visual Observations listed in Paragraph 301.

a2.

Observe stripping and removal of topsoil and removal of all organic and undesirable material.

a3.

Observe that there are no moisture seeps, puddling, or ponding.

a4.

Observe proofrolling to identify soft spots, and observe removal of material in soft spots.

a5.

Observe compaction of the subgrade prior to placement of fill. Inspect for any settlement due to
soft areas in the subgrade.

a6.

Verify measurements and determine that the depth and slope of an excavation meets design
requirements and that there are no sidewall failures from moisture seeps.

302.3
a.
302.4
CE-006A
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Laboratory Tests
See Table 1 for minimum requirements of laboratory tests.
Field Tests

a.

See Table 2 for minimum requirements of field tests.

303.

INSPECTION AND TESTING FOR EMBANKMENT FILL

303.1

Scope

a.

This paragraph describes requirements for inspection and testing for:

a1.

Mass earthwork.

a2.

Construction of liquid retention dikes.

303.2

Visual Observation of the Material Source During Construction

a.

Visual observations shall include:

a1.

Inspect soils to assure that they are uniform.

a2.

Inspect to ensure that only suitable soil is transported to the site, observe segregation operations
when unsuitable soils are present, and observe removal of organic soils, roots, stumps, and stones.

a3.

Observe changes in color or texture that can be indicative of a change in soil type or moisture
content.

a4.

Observe moisture-conditioning activities to ensure that any required substantial changes in
moisture content are made at the source.

303.3

Visual Observations of Fill Placement

a.

Visual observations listed in Paragraph 301.

b.

Observe removal of roots, rocks, rubbish, or out-of-specification soil.

c.

Observe and record changes in soil characteristics necessitating a change in construction
procedures.

d.

Observe adequate clod size reduction for clay soils.

e.

Observe procedures to be followed to adjust the soil moisture content to obtain uniform moisture
content.

f.

Observe procedures followed to adjust the soil moisture content in the event of a significant
rainfall or drought during construction.

g.

Observe and record that final grade is consistent with design grade specified on the Design
Drawings.

303.4

When fly ash, bottom ash or boiler slag is used for on-site filling operations, records shall be
maintained of the following information. These records shall be provided to the Owner:

a.

Source and type of ash.

b.

Date of residual applications.

c.

Location of ash utilization.

d.

Volume of ash utilized in tons.

e.

Ash receiver.

f.

Intended use of ash.
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303.5
a.
303.6
a.

Laboratory Tests
See Table 1 for minimum requirements of laboratory tests.
Field Tests
See Table 2 for minimum requirements of field tests.

304.

INSPECTION AND TESTING FOR STRUCTURAL BACKFILL AND CULVERT AND
UTILITIES TRENCH BACKFILL

304.1

Scope

a.

This paragraph describes requirements for inspection and testing for:

a1.

Structural bedding beneath foundations.

a2.

Structural backfill.

a3.

Sewer, pressure line, or culvert trench backfill.

a4.

Catch basin, manhole, pump sump or other utility appurtenance backfill.

a5.

Electrical duct bank and electrical cable backfill.

304.2

Visual Observations shall include:

a.

Visual observations listed in Paragraph 301.

b.

Observe that there is no standing water in the excavation and that the bottom of the excavation is
not soft when a structure or utility is being installed.

c.

Observe that proper materials are being used for bedding and backfill and there is proper
placement, lift thickness, and compaction of bedding and backfill.

d.

Observe that the proper compaction Equipment is being used to compact backfill.

304.3
a.
304.4
a.

Laboratory Testing
See Table 1 for minimum requirements for laboratory tests.
Field Testing
See Table 2 for minimum requirements for field tests.

305.

INSPECTION AND TESTING FOR ROAD AND AREA PAVING AND PLACEMENT OF
RAILROAD SUBBALLAST AND BALLAST

305.1

Scope

a.

This paragraph describes requirements for inspection and testing for:

a1.

Road and pavement subgrade (all types of pavement).

a2.

Trackwork subgrade, subballast and ballast.

a3.

Crushed rock base and subgrade material.

a4.

Crushed rock area surfacing, parking lot surfacing, and laydown area surfacing.
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305.2

Visual observations shall include:

a.

Visual observations listed in Paragraph 301.

b.

Observe proofrolling to identify soft spots in the subgrade, and observe removal of material from
soft spots.

c.

Observe compaction of the subgrade prior to placement of subballast or base.

d.

Observe that there is proper placement and compaction of any backfill around culverts, pipes, or
other utilities installed under a road.

e.

Observe and record that final grade is consistent with design grade specified on the Design
Drawings.

305.3
a.
305.4
a.

Laboratory Testing
See Table 1 for minimum requirements for laboratory tests.
Field Testing
See Table 2 for minimum requirements for field tests.

306.

SAMPLING PATTERN

306.1

The Testing Engineer shall establish a completely random sampling pattern for determining the
choice of sampling points for field tests. Each block of Work shall be subdivided into a sampling
grid with at least 10 times as many grids as samples or tests to be taken. The grid shall have a
numeric numbering system devised to distinguish each set of tests for a specific area from all other
sets of tests. Each lift shall have a separate grid.

306.2

Sampling points shall be chosen by a random number generator or other acceptable method to
obtain uniform coverage. Tests shall be numbered beginning with test number one and no
numbers shall be skipped. In areas where a test of any type fails to meet Specification criteria and
a retest is performed, the retest shall have the same test number as the original test except that an
"R" shall follow the test designation.

307.

LABORATORY AND FIELD TESTS

307.1

Laboratory Tests

a.
307.2

Table 1 presents requirements for the minimum frequency of laboratory tests.
Field Tests

a.

Table 2 presents requirements for the minimum frequency of field tests.

b.

The coordinate location and elevation of the ground shall be recorded for every field test.
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TABLE 1
LABORATORY TESTS - MINIMUM FREQUENCY OF TEST
Test (1)
Moisture Content

Atterberg Limits
LL and PI (2)

Grain Size (3)

Moisture
Density Curve

Hydraulic
Conductivity
ASTM D2434,
D5084 (6)

No.

Type of Fill or Backfill

ASTM D2216

ASTM D4318

ASTM D422

ASTM D 1557, or ASTM D
698, or ASTM D 4253 and
D4254 (5)

1

Subgrade to receive fill. Subgrade
beneath foundations.

---

---

---

1 per 2 acres per material.

---

2

Embankment fill.

1 per 5000 cubic
yards.

1 per 5000 cubic
yards.

1 per 5000 cubic
yards.

1 per 5000 cubic yards.
For all changes in material.

---

3

Structural bedding beneath foundations
and structural backfill.

1 per 2000 cubic
yards.

1 per 2000 cubic
yards.

1 per 2000 cubic
yards.

1 per 2000 cubic yards.
For all changes in material.

---

4

Culvert or pipe trench bedding and
backfill.

1 per 2000 cubic
yards.

1 per 2000 cubic
yards.

1 per 2000 cubic
yards.

1 per 2000 cubic yards.
For all changes in material.

---

5

Electrical duct bank and cable backfill.

1 per 2000 cubic
yards.

1 per 2000 cubic
yards.

1 per 2000 cubic
yards.

1 per 2000 cubic yards.
For all changes in material.

---

6

Railroad track, road or pavement
subgrade.

---

---

---

1 per 2 acres.
1 per material.

---

7

Railroad subballast, road base and
crushed rock surfacing.

1 per 5000 cubic
yards.

---

(4)

1 per 5000 cubic yards.
1 per material.

---

8

Liquid retention dikes.

2 per acre per lift.
1 per 2000 cubic
yards.

1 per acre per lift.
1 per 2000 cubic
yards.

1 per acre per lift.
1 per 2000 cubic
yards.

1 per 2000 cubic yards.
For all changes in material.

1 per 10,000 cubic
yards.
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Notes:
(1) Multiple requirements are given for some tests, such as number of tests per acre and one test per a given number of cubic yards. The requirement which results in the
most frequent testing shall be used.
(2) Liquid Limit and Plasticity Index.
(3) Sieve Analysis only. For liquid retention dikes, include one hydrometer test for every third sieve analysis.
(4) Not required if certification is received from the Contractor on the gradation. If no certification is received, then perform gradation tests at the rate of one (1) per 500
cubic yards.
(5) The effectiveness of the compactive effort as measured by field tests shall be compared to laboratory compaction data and specification requirements. Forms used to
record data from field tests shall also contain cross-reference to specification requirements.
(6) The appropriate test shall be selected based on the permeability and/or hydraulic conductivity requirements for the material.
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TABLE 2
FIELD TESTS - MINIMUM FREQUENCY OF TEST
Test (1)
Wet and Dry Density

Moisture Content

Infiltration Rate (2)

No.

Type of Fill or Backfill

ASTM D1556, D2167 or
D2922

ASTM D3017 or ASTM
D2216

ASTM D3385,
D5093 (3)

Lift Thickness
Uncompacted

Lift Thickness
Compacted

1

Subgrade to receive fill. Subgrade
beneath foundations.(4)

5 per acre.

5 per acre.

---

---

---

2

Embankment fill.

1 per acre per lift.
1 per 500 cubic yards.

1 per acre per lift.
1 per 500 cubic yards.

---

5 per acre per
lift.

5 per acre per lift.

3

Structural bedding beneath foundations
and structural backfill.

4 per acre per lift.
1 per 200 cubic yards.

4 per acre per lift.
1 per 200 cubic yards.

---

5 per acre per
lift.

5 per acre per lift.

4

Culvert or pipe trench bedding and
backfill.

1 per 250 linear feet per lift.
1 per 200 cubic yards.

1 per 250 linear feet per lift.
1 per 200 cubic yards.

---

5 per acre per
lift.

5 per acre per lift.

5

Electrical duct bank and cable backfill.

1 per 250 linear feet per lift.
1 per 200 cubic yards.

1 per 250 linear feet per lift.
1 per 200 cubic yards.

---

5 per acre per
lift.

5 per acre per lift.

6

Railroad track, road or pavement
subgrade (compacted).

1 per 250 feet of road.
5 per acre.

1 per 250 feet of road.
5 per acre.

---

---

1 per 1000 feet of
road.
5 per acre.

7

Railroad subballast, road base and
crushed rock surfacing.

1 per 250 feet of road.
5 per acre.

1 per 250 feet of road.
5 per acre.

---

---

1 per 250 feet of
road.
5 per acre.

8

Liquid retention dikes.

1 per acre per lift.
1 per 500 cubic yards.

1 per acre per lift.
1 per 500 cubic yards.

1 per 10 acres per lift.
1 per 10,000 cubic
yards.

1 per acre per
lift.

1 per acre per lift.

Notes:
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(1) Multiple requirements are given for some tests. For example, number of tests per acre per lift and one test per a given number of cubic yards. The requirement
which results in the most frequent testing shall be used.
(2) If clay is specified for construction of the dike.
(3) The appropriate test shall be selected based on the specified requirements for the material.
(4) Tests on subgrade where no structure or structural fill is to be placed can be reduced to 1 per acre.
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308.

VERIFICATION AND CALIBRATION

308.1

Verification of Selected Field Tests

a.

308.2
a.

The following tests shall be verified at the following frequency:
Test Requiring Verification

Frequency of Verification Test

Nuclear In-Place Density – ASTM D2922 and
Nuclear In-Place Moisture Content, ASTM
D3017.

After meeting ASTM initial calibration test
requirements, one rubber balloon (ASTM D2167)
or sand cone (ASTM D1556) density and
moisture content verification per 10 nuclear
density tests.

“Quick" Moisture Content Test using
Microwave, Gas Stove, frying pan, infrared
oven, etc.

One standard oven-dry moisture content (ASTM
D2216) test per 10 quick tests.

Lift thickness measured using a shaft or
shovel.

One lift thickness verified by surveying every
two acre-lifts.

Calibration
Prior to the start of testing, the Testing Engineer shall submit procedures for calibration of field
and laboratory testing Equipment. These procedures shall meet ASTM requirements.

309.

TEST RESULT ACCEPTANCE CRITERIA

309.1

Listed below are the criteria for acceptance of test results. Requirements which must be met are
given in other project Specifications.
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Test

Acceptance Criteria

Gradation

Average of results of any ten consecutive grain size tests shall be
within the specified limits. Not less than 80% shall meet
Specification requirements.

Atterberg Limits

Average of results of any ten consecutive liquid limit tests shall be
above the minimum specified or below the maximum specified,
whichever is required. Average of results of any ten consecutive
plasticity index determinations shall be within the range specified.
Not less than 80% of tests shall meet Specification requirements.

Density and Moisture
Content

All in place tests shall meet the minimum requirements. If
requirements are not met, the soil shall be recompacted.

Hydraulic Conductivity

The results of all tests shall indicate a hydraulic conductivity equal
to or less than the specified maximum hydraulic conductivity.

310.

CORRECTIVE ACTION PROCEDURE

310.1

Failure of Material Quality Tests

a.

310.2
a.

The Testing Engineer and Owner shall be notified immediately if Gradation or Atterberg Limits
tests do not meet acceptance criteria. Failure to meet acceptance criteria of one or more of these
groups of tests may indicate problems with the quality of soil materials. The Contractor shall
cease all construction activities until the source of the problem or "below specification" materials
is identified. Construction shall not begin again until materials and installation procedures, which
result in a fill meeting Specification criteria, are identified for use.
Failure of Field Density or Moisture Content Tests
If the results of field density or moisture content tests fail to meet acceptance criteria, those tests
shall be re-run after recompaction. Judgment shall be used to select re-test locations suspected of
having lower than specified density or out-of-specification moisture content. If the results of the
re-test meet Specification requirements, the compaction can be considered acceptable. If the
results of the re-test shows out-of-specification densities or moisture contents, the Testing
Engineer shall immediately inform Owner of the extent of the defective area. The defective area
shall be removed and reconstructed or recompacted.

END OF SECTION
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CE - 013A
1.0

GENERAL
1.1

Scope of Work
Unless otherwise is specified, the Contractor shall furnish all labor, materials,
tools, supervision, thread and installation equipment necessary to complete
installation of geotextile, including all necessary and incidental items, in
accordance with the CQA plan, as shown in the drawings and as specified herein.
The contractor shall install geotextile in conjunction with the earthwork and other
components of the liner system.
The work addressed in this section shall include, but not limited to, placement of
the geotextile separator, geotextile cushion, geotextile filter layer in a liner system
(either separate or as a geocomposite component), access roads, sedimentation
basins, drainage ditches, and all other areas identified on the drawings.

1.2

Reference Standards
The latest revision of the following standards of the American Society of Testing
and Materials (ASTM) are hereby made a part of these specifications.
ASTM D 4354, Standard Practice for Sampling of Geosynthetics for Testing
ASTM D 4355 Test Method for Deterioration of Geotextiles from Exposure to
Ultraviolet Light and Water (Xenon-Arc Type Apparatus)
ASTM D 4491, Standard Test Method for Water Permeability of Geotextiles by
the Permitivity Method.
ASTM D 4533, Standard Test Method for Trapezoid Tearing Strength of
Geotextiles.
ASTM D 4632, Standard Test Method for Breaking Load and Elongation of
Geotextiles (Grab Method).
ASTM D 4751, Standard Test Method for Determining Apparent Opening Size of
a Geotextile.
ASTM D 4759, Standard Practice for Determining the Specifications
Conformance of Geosynthetics
ASTM D 4833, Standard Test Method for Index Puncture Resistance of
Geotextiles, Geomembranes, and Related Products.
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ASTM D 4873 Guide for Identification, Storage and Handling of Geotextiles
ASTM D 5199, Standard Test Method for Measuring Nominal Thickness of
Geotextiles and Geomembranes.
ASTM D 5261, Standard Test Method for Measuring Mass per Unit Area of
Geotextiles

2.0

LABELING, SHIPPING, HANDLING AND STORAGE
Geotextile labeling, storage and handling shall follow the guidelines described in ASTM
D 4873 standard.
2.1

Wrapping and Labeling: Each Geotextile roll shall be wrapped with or sleeved in
an impermeable and opaque material that will protect the Geotextile roll,
including the ends of the roll, from damage due to shipment, water, sunlight,
contaminants, dust, puncture, or other damaging or deleterious conditions. The
protective wrapping/ sleeve shall be maintained during periods of shipment and
storage. The cardboard cores shall be sufficiently strong to resist collapse during
transit and handling.
Prior to shipment, the manufacturer shall label each roll, both on the Geotextile
roll and on the surface of the protective wrapping/ sleeve. Labels shall be
resistant to fading and moisture degradation to ensure legibility at the time of the
installation. At a minimum the roll labels shall identify the following:
- Manufacturer or supplier name
- Product identification
- Length and width of roll
- Production lot number and individual roll number
Each shipping document shall include a notation certifying that the material is in
accordance with the manufacturer’s certificate.

2.1

Shipping: Transportation of the geotextile is the responsibility of the geotextile
supplier. The geotextile supplier shall be liable for all damage to the materials
incurred prior to and during transportation to the site. The contractor shall be
responsible and held liable for all damages to the material once the material is on
site.
Geotextile material shall be delivered to the site at least 14 days before planned
date of deployment to allow for the CQA activities performed either by a third
party consultant or by the contractor.
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2.2

Handling and Storage: All unloading activities should take place away from main
roadways and high-traffic areas at the site. The designated unloading area should
be flat, dry, and stable, and should provide adequate peripheral access for the
unloading equipment.
Upon delivery at the job site, the contractor shall ensure that the geotextile rolls
are handled and stored in accordance with the manufacturer’s instructions as to
prevent any damages to the material. The contractor shall be liable for all
damages to the materials incurred prior to final acceptance of the contractor’s
work by the owner and /or the CQA consultant.
During storage, geotextile rolls shall be elevated off the ground and adequately
covered to protect them from precipitation, extended ultraviolet radiation,
chemicals that are strong acids or strong bases, flames including welding sparks,
temperatures in excess of 160°F (71°C), and any other environmental condition
that may damage the property values of the geotextile.
For reasons of safety and material integrity, geotextile rolls must never be stored
on end where the roll be in a vertical position. Rolls should be stored horizontally,
in small stacks not to exceed three to four rolls in height. It is preferred that the
bottom rolls be placed on plywood, on an arrangement of pallets, or on some
other man-made surface, to promote drainage and to prevent damage by contact
with the ground surface. It is good practice to cover the stored rolls with a
tarpaulin or plastic sheeting for supplemental protection from the elements.

3. 0

MATERIALS
3.1

The nonwoven geotextile specified herein shall be made from needle punched or
heat-bonded polypropylene or polyester staple or continuous fiber. Alternative to
these materials and manufacturing processes may be approved by the owner’s
engineer.

3.2

The Geotextile shall be manufactured from first quality virgin polymer.

3.3

The Geotextile supplier shall submit documentation that the geotextile rolls
delivered to the site shall be:

3.4
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a.

able to withstand direct exposure to ultraviolet radiation from sun for up to
15 days without any noticeable effect on index or performance properties.

b.

inert to commonly encountered chemicals and hydrocarbons, be mildew
and rot resistant, and be resistant to insects and rodents.

The geotextile shall meet or exceed all material properties listed in Table 13.1 as
adopted by AASHTO M288 and GRI-GT12 guidelines unless otherwise is
3 of 9

specified by the design engineer. The weight of the geotextile shall be specified in
the drawings.

4.0

SUBMITTALS
Prior to shipping to the site, the geotextile Manufacturer shall submit the following to the
Engineer or the Contractor:

5.

4.1

Mill Certificate
A mill certificate or affidavit signed by a legally authorized official of the
Manufacturer of the Geotextile stating the name of the manufacturer, product
name, style number, chemical composition of the filaments or yarns, and other
pertinent information to fully describe the Geotextile. The manufacturer’s
certificate shall state that the furnished geotextile meets MARV requirements
stated in these specifications as evaluated under the manufacturer’s quality
control program. If the MARV of the lot data supplied does not meet the intended
MARV specification requirement, then the manufacturer will share its yearly
MARV data to show conformance to the MARV specification.

4.2

Sample
Unless otherwise is specified, the contractor shall submit at least one sample (12"
x 12") of the Geotextile to be used. The sample shall be labeled with the product
name and be accompanied by the Manufacturer's specifications.

4.3

Shipping, Handling, and Storage Instructions
The Manufacturer's plan for shipping, handling, and storage shall be submitted for
review.

4.4

Manufacturer Quality Control Certificates
The manufacturer is responsible for establishing and maintaining a quality control
program to assure compliance with the requirements of the specification.
Documentation describing the quality control program shall be made available
upon request. For the Geotextile delivered to the site, quality control certificates,
signed by the Manufacturer's quality control manager shall be provided for every
roll of Geotextile. Each certification shall have the roll identification number(s),
test methods, frequency, and test results. At a minimum, the test results and
testing frequency shall be as shown in Table 13.1 of this section. Either
mislabeling or misrepresentation of materials shall be reason to reject those
geotextile products.

CONSTRUCTION QUALITY ASSURANCE
a.
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The CQA engineer or the owner representative shall examine the geotextile rolls
upon delivery to the site and report any deviations from project specifications to
the contractor or the geotextile manufacturer. The owner engineer may decide to
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arrange for Quality Assurance of the rolls delivered to the site to be monitored
and tested prior to installation either by the contractor or a third party CQA
consultant. Quality Assurance will be provided as outlined in the accompanying
project Construction Quality Assurance (CQA) Plan.
b.

Unless otherwise is specified in the CQA Plan or instructed by the owner or
design engineer, samples are taken at a minimum frequency of one sample every
100,000 square feet with a minimum of one per lot. Samples shall be three feet
(along roll length) by roll width according to ASTM Practice D 4354. The
samples shall be properly marked, wrapped and sent to an independent laboratory
selected by the owner for conformance testing (all listed properties except for UV
Resistance). All properties indicated in Table 13.1 shall be a part of the
conformance testing unless otherwise indicated.
c.

The pass or fail of the conformance test results shall be determined according to
ASTM Practice D 4759. The average of the test results should be reported per the
assigned testing standard and then compared to the required listed MARV value.
In case of a test result lying below the required listed value, the affected material
shall be replaced at no cost to the owner.

d.

The contractor and the geotextile installer shall be aware of the activities outlined
in the CQA Plan and shall account for these activities in the installation schedule.
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TABLE 13.1 REQUIRED NON-WOVEN GEOTEXTILE TESTING FREQUNCY AND PROPERTIES (MARV)1
TEST METHOD
ASTM

TESTING
FREQUENCY

UNITS

Mass Per Unit Area

D5261

100,000 ft2

oz/sy

4

6

8

10

12

16

24

32

AOS (MaxARV)2

D4751

540,000 ft2

(mm)

0.43

0.22

0.18

0.15

N/A

N/A

N/A

N/A

Permittivity2

D4491

540,000 ft2

sec -1

0.5

0.4

0.25

0.1

N/A

N/A

N/A

N/A

Grab Tensile Strength

D4632

100,000 ft2

lbs

115

160

200

230

300

370

450

500

Trapezoid Tear

D4533

100,000 ft2

lbs

40

60

80

95

115

145

200

215

PROPERTY

VALUE

Puncture (pin)
D4833
100,000 ft2
lbs
40
60
80
120
140
170
250
300
Strength
CBR Puncture
D6241
540,000 ft2
lbs
230
320
440
700
800
900 1100 1700
Strength
UV Resistance (MIN)
D4355
1/ Formulation
%
70
70
70
70
70
70
70
70
@500 Hours
1
Properties are based on AASHTO M288-00, GRI-GT12 and common industry standards
2
Default values are specified for filtration properties. In addition, design engineer may require geotextile performance testing
based on design criteria for drainage system especially if one or more of the following problematic soil environments are
encountered: unstable or highly erodable soils such as non-cohesive silts; gap graded soils; dispersive clays; or rock flour.
N/A: Not Applicable

Revision 8
September, 2005

6 of 9

6.0

CONSTRUCTION
6.1
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Handling and Placement
a.
After the underlying layer has been installed/ constructed, tested and
approved by the engineer, the surface shall be cleaned and free of excess dirt
and debris.
b.

The contractor and the installer shall handle the geotextile in such a manner
as to ensure it is not damaged in any way. Necessary precautions shall also be
taken to prevent damage to adjacent or underlying layers during placement of
the geotextile.

c.

The geotextile shall be installed to the lines and grades as shown on the
contract drawings and as described herein.

d.

The contractor shall not use heavy equipment to traffic above the geotextile
without approved protection

e.

The geotextile shall be rolled down the slope in such a manner as to
continuously keep the geotextile in tension by self weight. To resist sliding,
the geotextile shall be securely anchored in an anchor trench where
applicable, or by other approved or specified methods. Anchor trench
compacting equipment shall not come into direct contact with the geotextile.

f.

If the project contains long, steep slopes, special care shall be taken so that
only full-length rolls are used at the top of the slope.

g.

In the presence of wind, all geotextiles shall be weighted by sandbags or
approved equivalent. Such anchors shall be installed during placement
and shall remain in place until replaced with cover material.

h.

If necessary, the geotextile shall be positioned by hand after being unrolled to
minimize wrinkles.

i.

During placement of the geotextile, care shall be taken not to entrap soil,
stones or excessive moisture that could hamper subsequent seaming of the
geotextile as judged by the engineer.

j.

The geotextile shall not be exposed to precipitation prior to being
installed. The geotextile shall be covered as soon as possible after
installation and approval. Installed geotextile shall not be left exposed for
more than 15 days.

k.

If there are any obstructions (such as outlet pipes or monitoring wells) while
deploying the geotextile, the geotextile shall be cut to fit around the
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obstruction. Care shall be taken as to make sure there is no gap between the
obstruction and the geotextile.
l.

6.2

If white colored geotextile is used, precautions shall be taken against
“snowblindness” of personnel.

Seams and Overlaps
a.
The geotextile shall be seamed using heat seaming or stitching methods as
recommended by the manufacturer and approved by the engineer. Sewn
seams shall be made using polymeric thread with chemical resistance
equal to or exceeding that of the geotextile. All sewn seams shall be
continuous.
b.

Seams shall be oriented down slope perpendicular to grading contours, no
horizontal seams shall be allowed on slopes steeper than 10 H: 1V unless
otherwise is approved by the engineer. For heat seaming, fusion welding
techniques recommended by the manufacturer shall be used.

c.

Geotextiles shall be overlapped a minimum of 4 inches prior to seaming or heat
bonding, geotextile sewn seams to be used are Prayer, Modified Prayer, “J”, or
Butterfly, as shown in Figure 13.1. The seam shall be a two-thread, double-lock
stitch, or a double row of single-thread, chain stitch. If heat bonding is to be
used, care must be taken to avoid burn through of the geotextile.

Modified Prayer Seam
(in case of unequal length)

Prayer Seam

“J” Seam

Butterfly Seam

Figure 13.1 Geotextile Sewing Seams
6.3

Repair
a.
Any small holes or tears in the geotextile shall be patched with a geotextile
patch that extends 8” beyond the edge of the hole/ tear. The patching
geotextile shall be the same as the original one The patch shall be secured
either by heat bonding or by applying an adhesive spray to one side of the
geotextile patch and pressing over the repaired area.
b.
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Should the damaged area of the geotextile exceed 10 percent of the width of
the roll, or if it’s thought of as unaccepted by the engineer, the roll shall be
removed and replaced with a new one.
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6.4

Cover Soil Placement
a.
Material overlying the geotextile shall be carefully placed to avoid
wrinkling or damage to the geotextile.
b.

Placement of the cover soil is recommended to proceed immediately following
placement and inspection of the geotextile.

c.

In applying fill material, no equipment shall drive directly across the geotextile,
unless otherwise is approved by the engineer. If a vehicle has to be driven on
top of the geotextile the vehicle shall be driven in a manner not to damage the
geotextile. Acceleration or deceleration shall be in a smooth and gentle
manner, no sudden turns or stops shall be allowed. If any tear or local
damage occurs to the geotextile, patching technique as described in the above
section shall be used.

d.

The specified fill material shall be placed and spread utilizing vehicles with a
low ground pressure (LGP). The cover soil shall be placed on the geotextile
from the bottom of the slope proceeding upwards and in a manner, which
prevents instability of the cover soil or damage to the geotextile. Unless
otherwise specified by the engineer, all equipment for spreading fill material
overlying the geotextile shall comply with the following:
Maximum Equipment Ground Pressure (psi)

<5
5 - 10
10 - 20
> 20

e.

F.

Minimum Separation
Thickness (ft)
1.0
1.5
2.0
3.0

Compaction of the initial lift placed over the geotextile must be performed in
a manner that does not damage the geotextile.

MEASUREMENT AND PAYMENT
All work required for Geotextile shall be included for payment in the contract as in Item
X.X.

END OF SECTION
Revision 8
September, 2005
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31-1.0

DESCRIPTION OF WORK
The work performed under this specification shall consist of the performance
of all operations necessary for the installation of rock filled wire mesh gabions
as shown on the project drawings. The work shall include, but not be limited
to, all excavation, fill, foundation preparation, gabion assembly, filling gabions
with stone, closing and lacing gabions, and final cleanup and dressing of the
work area.

31-2.0

MATERIAL
The gabions shall be compartmented, rectangular containers made of
galvanized steel wire woven in a uniform hexagonal twist pattern with an
opening of 3 inches by 4 inches such as those produced by Maccaferri
Gabions, Inc. The gabions shall be of the size and type specified on the
drawings, or approved equal. Stone for filling gabions shall be clean, hard,
and durable, and well graded within the 4-inch to 8-inch size range. Elongated
or platy stone whose ratio of length to minimum width exceeds 1.6 shall be
unacceptable for the work. Where material is Contractor supplied, approval for
the use of any product other than that specified herein, or on the drawings,
must be requested in writing at the time the bid proposals are submitted, and
written authorization for the use of such alternate must be issued by Owner's
Engineer prior to use of the alternate. Whether material is Owner or
Contractor supplied shall be indicated on the project drawings and/or the
Instructions to Bidders section of the project.

31-3.0

HANDLING
Contractor shall be responsible for unloading, stockpiling, and rehandling all
Contractor supplied materials. The Contractor shall be issued an Extra Work
Order for the unloading and stockpiling of Owner supplied material, but the
Contractor shall be responsible for handling all material from the stockpile to
the work areas.
Contractor shall notify Owner's Engineer of any Owner supplied material
which is found damaged prior to unloading it, and shall have the condition of
this material verified by Owner's Engineer. Contractor shall be responsible for,
and shall repair or replace at no cost to Owner, any material damaged during
handling. Filter fabric shall be treated to provide ultraviolet light protection.
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31-4.1

Excavation
Excavation required for the installation of the gabions shall be
performed to the lines and grades shown on the project drawings. All
excavation shall be performed in accordance with Specification CE004, “Excavation.”

31-4.2

Backfill
Backfill required for the installation of the gabions shall be performed
to the lines and grades shown on the project drawings. All backfill
shall be placed in accordance with Specification CE-006, Fill.

31-4.3

Foundation Preparation
Prior to placing the first course(s) of gabions on the subgrade, the
area will be prepared in accordance with Specification CE-005,
“Foundation Preparation.”

31-4.4

Filter Fabric
Filter fabric, when required, shall be placed to the lines and grades
shown on the project drawings, and as directed by Owner's
Engineer. Where sheets of fabric are to be placed adjacent to each
other they shall be overlapped 18 inches. Filter fabric shall be placed
in accordance with Specification CE-013, Geotextile. Filter fabric
shall be treated to provide ultraviolet light protection.

31-5.0

ASSEMBLY AND INSTALLATION
Gabions shall be assembled and installed in a careful and workmanlike
manner in accordance with the manufacturer’s instructions and the
requirements listed below.
31-5.1

Initial Setup
A single gabion shall be removed from the shipping bundle and
unfolded on a flat, hard surface. The wire mesh comprising the
gabion shall be stretched and straightened as necessary, and all
bulges or kinks shall be stamped out or otherwise removed. The
front, back, end panels and diaphragm(s) shall be folded to an
upright position, perpendicular to the base. All vertical edges shall be
securely laced together with connecting wire forming a box, using
single and double loops at approximately 5-inch intervals but not
exceeding 5-inch intervals.
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31-5.2

Installation
Empty assembled gabions shall be carried to the prepared
installation location and put in place. Up to 100 linear feet of gabions
may be laid end to end, and all adjacent edges shall be firmly laced
together with connecting wire. Single and double loops shall be used
in the lacing procedures at approximately 5-inch intervals, but in no
case exceeding 6-inch intervals.

31-5.3

Stretching and Tensioning
The assemblage of empty gabion boxes, having been wired together
end to end for an appropriate length, shall be stretched and held in
tension for the duration of the filling operation. The end of the first
gabion shall be firmly secured in place by the use of stakes and
bracing or by partial filling with gabion stone. If stakes and bracing
are used, it must be done in such a manner that stresses are evenly
distributed along the end face of the gabion, so that the gabion
retains its intended shape.
The loose end of the connected gabions shall then be placed in
tension by use of a winch, come-along, or other suitable device, such
that the wire mesh of the connected gabions is pulled straight,
smooth and tight, but not to the point that the gabions or edges are
deformed unacceptably. Tension shall be applied using horizontal
and vertical bracing of the end face of the last gabion so that
stresses are evenly distributed. Tears, sags or bulges caused by
uneven stretching of the gabion are unacceptable and shall be cause
for removal and replacement of the damaged gabion at no additional
cost to Owner. Tension shall be kept in force during the entire
duration of the stone filling operation.

31-5.4

Filling
While steady tension is being applied to the empty gabions, filling
with stone may proceed. Each gabion will comprise 2 or more cells,
with vertical wire mesh diaphragms separating the cells. Gabion
stone shall be placed by manual or mechanical methods in three
equal lifts. Two connecting wires shall be placed between lifts in
each cell, connecting front and back faces in order to prevent
bulging.
Connecting wire shall be passed through the hexagonal wire mesh of
the gabion faces and looped back so that at least 2 adjacent
hexagons are attached to each wire. The end of the wire shall be
firmly twisted onto the truck of the connecting wire forming a
connecting wire triangle at the inside of the gabion face. Gabions
shall be filled flush to the top.
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Care must be taken to avoid bending or deflection of the top edges
of the gabion faces or diaphragms due to impact of gabion stone
during filling. This may be accomplished by temporary reinforcement
of top edges with pipe, rebar or wood stiffeners which may be laced
to the top edges, or by covering the edges with folded metal sheets.
31-5.5

Closure
Upon completion of gabion filling, the gabion lid shall be folded down
so that the lid and gabion edges meet closely without gaps. A pinch
bar, or proprietary lid closer, may be used to facilitate closing and
lacing. The lid shall be secured at the corners and then laced shut
with connecting wire starting at the front face and proceeding to the
ends and diaphragms. Adjacent lids may be laced to the ends in one
operation.

31-6.0

MEASUREMENT FOR PAYMENT
The unit of measurement for payment for the installation of gabions shall be
the cubic yard of installed gabions. The total volume for placement shall be
determined by field measurement of the length and cross sectional area of
gabion wall or mat. Payment shall include all labor, equipment, and tools
necessary for the complete installation as shown on the project drawings.
Where gabion material is to be Contractor supplied the payment shall also
include the materials.
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SECTION CE-038
CONTROLLED LOW-STRENGTH MATERIAL (FLOWABLE BACKFILL)

PART 1 - GENERAL
101.

EXTENT
The intent of this specification is to define the material and installation requirements for CLSM
(Controlled Low-Strength Material) to be used for backfilling underground pipes and in other
locations as specified on the Design Drawings.

101.1

The Work shall include, but not be limited to, the following items:

a.

Furnish all materials.

b.

Submit mix designs for approval.

c.

Furnish and install forms as required.

d.

Place CLSM.

e.

Protect backfill after placement.

f.

Repair of Work not meeting the requirements of this section or the Design Drawings.

g.

Offsite removal and disposal of all surplus or out-of-specification materials.

102.

RELATED WORK SPECIFIED IN OTHER SECTIONS
Not Applicable.

103.

REFERENCE DOCUMENTS

103.1

Standards, specifications, manuals, codes and other publications of nationally recognized
organizations and associations are referenced herein. Methods, equipment and materials specified
herein shall comply with the specified and applicable portions of the referenced documents, in
addition to federal, state or local codes having jurisdiction.

103.2

Reference to these documents are to the latest issue date of each document, unless otherwise
indicated, together with the latest additions, addenda, amendments, supplements, etc., thereto, in
effect as of the date of Contract for the Work.

103.3

Abbreviations listed indicate the form used to identify the reference documents in the specification
text.

103.4

ASTM - American Society for Testing and Materials:

a.

C33 - Specification for Concrete Aggregates.

b.

C88 - Test Method for Soundness of Aggregates by Use of Sodium Sulfate or Magnesium Sulfate.

c.

C94 - Specification for Ready-Mixed Concrete.

d.

C136 - Test Method for Sieve Analysis of Fine and Coarse Aggregates.

e.

C143 - Test Method for Slump of Hydraulic Cement Concrete.

f.

C150 - Specification for Portland Cement.
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g.

C618 - Specification for Coal Fly Ash and Raw or Calcined Natural Pozzolan for Use as a Mineral
Admixture in Concrete.

h.

D448 - Classification for Sizes of Aggregates for Road and Bridge Construction.

i.

D4832 - Standard Test Method for Preparation and Testing of Controlled Low Strength Material
(CLSM) Test Cylinders.

j.

D5971 - Standard Practice for Sampling Freshly Mixed Controlled Low-Strength Material.

k.

D6023 - Standard Test Method for Unit Weight, Yield, Cement Content, and Air Content
(Gravimetric) of Controlled Low Strength Material (CLSM).

l.

D6024 - Standard Test Method for Ball Drop on Controlled Low Strength Material (CLSM) to
Determine Suitability for Load Application.

m.

D6103 - Standard Test Method for Flow Consistency of Controlled Low Strength Material
(CSLM).

104.

SUBMITTALS
Contractor shall submit drawings and data as specified. Contractor's drawings and data shall be
submitted via electronic medium in a format compatible for importing into Purchaser's
information systems specified by Purchaser.

104.1

Mix Designs:

a.

Within 30 calendar days prior to the scheduled placement of CLSM, the Contractor shall submit
the proposed job mix design and test results for approval.

b.

A separate mix design shall be submitted for each proposed type of CLSM.

c.

Each mix design shall be for a specific type of CLSM meeting the density guidelines and strength
requirements of Table 1. The mix design for each mixture shall be based on certified tests and
shall establish the following:

c1.

Source of all ingredient materials.

c2.

Gradation of the aggregate.

c3.

Density, strength, absolute volumes, specific gravities, unit weights, and any other values used in
the mix design process.

c4.

A specific weight of cement.

c5.

A specific weight of fly ash.

c6.

A specific weight of bottom ash and/or fine natural aggregate.

c7.

A specific percentage of admixture (if applicable).

c8.

A target flow, or slump (if applicable), and strength.

d.

Certification (notarized statement) by the producer of the mix that the mix meets the required
specifications.

e.

Certification (notarized statement) from the fly ash Contractor that the fly ash conforms to the
requirements specified herein.
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104.2

Substitution of Materials:
The source of the fly ash, bottom ash, and fine aggregate shall not be changed without prior
written approval and corresponding mix design testing.

104.3

Standard Mix Designs:
A mix design developed by the State Department of Transportation or a commercial mix
developed by a local materials Contractor conforming to or exceeding the requirements of this
specification is acceptable upon approval.

104.4

Sequence of Installation:

a.

The Contractor shall submit its plan for the sequence of installation of CLSM for approval.

b.

The Contractor's plan shall include:

b1.

Placement technique.

b2.

Lift height.

b3.

Time between lifts.

b4.

Description of forms.

b5.

Use of dikes.

b6.

Description of equipment.

105.

QUALITY ASSURANCE

105.1

Testing Services:
Materials and placement will be subject to tests and inspection conducted by a Testing Service
hired by Purchaser. The Testing Service shall perform in-place and laboratory tests to ensure
compliance with these specifications. Such inspections and tests will not relieve the Contractor of
responsibility for providing materials and placement in compliance with this section.

105.2

Tests Required:

a.

A flow consistency test shall be performed on the first truckload and subsequently thereafter with
each compressive strength sample.

b.

Tests for compressive strength shall be performed for each day's delivery of material, but not less
than one for each 50 cubic yards or part thereof placed. If the quantity delivered in one day is
between 10 and 50 cubic yards, one set of tests shall be performed.

c.

The method of sampling for flow consistency and compressive strength shall be in accordance
with ASTM D4832 and D5971.

d.

Tests shall be made for flow consistency in accordance with ASTM D6103. When larger
aggregate or higher strength material is used, the slump test shall be performed in accordance with
ASTM C143 within 5 minutes of obtaining the sample. Flow consistency or slump tests shall be
within the specified limits or the material shall be rejected.

e.

Tests shall be made for compressive strength in accordance with ASTM D4832. These tests shall
consist of a minimum of four cylinders taken from the same truck. One 7-day and two 28-day tests
shall be performed by the laboratory, with the results submitted to Purchaser as soon as possible
after the tests are completed. The 28-day strength is defined as the average of two or more
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cylinder breaks. The Contractor shall be notified in writing of the test results. One spare cylinder
shall be made and used as directed later.
f.

Tests shall be made for the unit weight in accordance with ASTM D6023.

g.

The ball drop test shall be performed in accordance with ASTM D6024 to determine the readiness
of the CLSM to accept loads prior to adding a temporary or permanent-wearing surface. If the
diameter of the indentation is less than or equal to 3 inches, then the CLSM is suitable for the load
application. If the diameter of the indentation is greater than 3 inches, then the CLSM is not ready
for the load application. One test shall be performed in each area of load application.

105.3

Correction of Deficiencies:

a.

If the CLSM does not meet the 28-day compressive strength requirement specified in Table 1, the
Contractor shall adjust the mixture to be used for future pours as required to meet those
requirements.

b.

The Testing Service shall perform additional tests, at the Contractor's expense, as may be
necessary to reconfirm any noncompliance of the original Work, and to show compliance of
corrected Work.

PART 2 - PRODUCTS
201.

CLSM MIXTURES

201.1

Mixtures:

a.

CLSM mixtures shall conform to the requirements given in Table 1.
TABLE 1
TEST
(ASTM)

TYPE A

TYPE B

TYPE C

FLOW CONSISTENCY (inches)

D6103

>8

>8

>8

SLUMP (inches)

C143

7-11

7-11

7-11

DENSITY (pcf)

D6023

95-110

120-135

125 minimum

D4832

30-50

30-50

500

D4832

70-125 (1)

70-125 (1)

900-1000

PROPERTIES & CRITERIA

COMPRESSIVE STRENGTH (psi)
7 Days (minimum)
28 Days

Notes:
1. The material shall have a maximum 28-day compressive strength of 125 psi so that it can be easily
removed in the future, if necessary.
201.2

Use:

a.

The type of CLSM and extent of the CLSM installation shall be defined on the Design Drawings.

b.

CLSM shall not be provided except where specified on the Design Drawings or where directed by
Purchaser.
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202.

GUIDELINES FOR USE

202.1

Type A and Type B CLSMs are similar in quality and use. The mixes are interchangeable.

202.2

CLSM Type C is used for permanent fills and structural backfills where later excavation is not
anticipated and is not interchangeable with Types A and B.

203.

OTHER MATERIALS

203.1

Cement:
Type I Portland Cement in accordance with ASTM C150.

203.2

Fly Ash:
Type “C” or "F" fly ash in accordance with ASTM C618.

203.3

Fine Aggregate:
Fine Aggregate in accordance with ASTM C33 except, the material shall have a maximum loss of
20 percent in the Sodium Sulfate Soundness Test, ASTM C88.

203.4

Bottom Ash:
Coal ash having a maximum loss of 20 percent in the Sodium Sulfate Soundness Test, ASTM
C88.

203.5

Water:
Water shall meet the requirements for water for ready-mixed concrete specified in ASTM C94.

203.6

Admixtures:
May be used when specifically approved. No air entrainment admixture is required.

203.7

Geotextile:
Geotextiles shall be non-woven polypropylene or polyester, weighing a minimum of 4-oz./square
yard.

204.

MATERIAL ADJUSTMENTS

204.1

Purchaser reserves the right to require adjustment of the proportion of materials in the field for
flowability, to maintain solid suspension of the mix and other criteria. No additional
compensation shall be paid to the Contractor for mix adjustments.

205.

FORMWORK

205.1

When formwork is used, it shall be capable of withstanding a lateral fluid pressure equal to the
total weight of the unhardened CLSM with a minimum factor of safety of 1.3.

PART 3 - EXECUTION
301.

PLACING CLSM

301.1

Forms and Dikes:

a.

Provide forms or dikes as required to contain the CLSM as it is placed.

b.

Forms shall comply with the requirements as specified herein.
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c.

301.2

Dikes may be made using the CLSM design mix with the water content reduced as required to
enable mounding of the mix. The stiffer mix shall have a flow consistency of at least 4 inches or a
slump of at least 3 inches for adequate consolidation and to minimize honeycombing. The dikes
can be incorporated as a part of the total CLSM deposit.
General Placement Requirements:

a.

CLSM shall not be placed prior to obtaining approval.

b.

CLSM shall not be placed when the temperature of the material is less than 50 degrees F.

c.

Placement may not begin unless the air temperature is at least 35 degrees F and rising. Placement
shall stop when the air temperature is 40 degrees F and falling.

d.

CLSM shall not be placed over frozen ground.

e.

The in-place material shall be protected from freezing until the next lift is placed, or for a
minimum of 24 hours. The surface of completed fill shall not be left exposed under freezing
temperatures. At a minimum, an insulating cover shall be placed on the finished fill surface.

f.

The finished surface shall be protected from damage.

301.3

Placement:

a.

The CLSM material shall be placed directly from the truck chute into the trench. No vibration or
compaction is required.

b.

The maximum thickness shall be one 4-foot lift in any 24-hour period unless approved by
Purchaser.

c.

A new lift shall not be placed over preceding lift until the preceding lift has hardened sufficiently
to support foot traffic.

d.

The speed of placement of the CLSM shall be controlled so that the surface bleed water dissipates
properly.

e.

If lumps are present in the mix, the material shall be remixed as necessary or another method can
be used to break up the lumps.

f.

CLSM shall not be placed through water. If an excavation cannot be dewatered, place the fill by a
tremie procedure. CLSM damaged by flowing water shall be removed and replaced. Special
protection for light to moderate rain is not required but material shall not be placed during a heavy
rainfall.

301.4

Pipe Bedding and Backfill:

a.

Adequate support shall be provided to maintain the minimum specified thickness of bedding
between the trench bottom and the bottom of the pipe and to protect the pipe from damage,
movement, or improper alignment.

b.

If possible, a joint for a pressure pipe shall not be located within the volume to be backfilled with
CLSM. If a pipe joint must be located within the CLSM, the joint shall be pressure tested and
accepted prior to placing the CLSM.

c.

The pipe shall be protected from intrusion of CLSM into the pipe.

d.

Protection shall be provided against floating of the pipe. Where necessary, place CLSM in lifts or
provide weights, ballast, or structural tie-downs to hold down the pipe until the CLSM has set. If
tie-downs are not provided, the first layer of backfill shall stop at one-fourth the height of the pipe,
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the second layer at one-half the height of the pipe. The remainder of the trench may be backfilled
in accordance with the requirements specified herein.
e.

The backfill shall be distributed evenly on each side of a pipe to prevent movement.

f.

If future pipe repair or replacement is planned, a geotextile shall be placed around the pipe prior to
placing the CLSM to ease separation of the backfill from the pipe.

301.5

Utility Trench Backfill:

a.

Adequate structural tie-downs or weights shall be provided where required to hold down utility
conduits or ducts to prevent floating until the CLSM has set.

b.

Adequate support shall be provided to maintain proper alignment of the utility during placement
of the CLSM.

301.6

Structural Backfill:

a.

When backfilling under and around retaining walls or foundations and in pits, the CLSM shall be
placed in lifts so that the lateral pressures due to the backfill do not exceed the strength of the
structure. Side slopes shall be stepped to prevent wedging action of the backfill against the
structure.

b.

Lift placement shall be in accordance with the requirements specified herein.

c.

A geotextile shall be provided as a separator between foundation drains and the CLSM to prevent
contamination of the drainage material.

d.

Existing structures, drainage facilities, utilities, etc., which are intended to stay within the fill area
shall be protected from movement, damage, or misalignment during placement of the CLSM.
Damaged items shall be replaced by the Contractor at no cost to Purchaser.

302.

PROTECTION

302.1

The Contractor shall furnish and maintain protection for CLSM until it has hardened and the
surface bleed water has dissipated and the surface is dry.

302.2

The CLSM shall not be opened to foot traffic or forms removed for a minimum of 24 hours after
being placed.

302.3

Granular fill shall not be placed and compacted over the CLSM for a minimum of 48 hours after
the CLSM is placed, or until a minimum compressive strength of 25 psi has been attained. Work
may begin sooner if the ball drop test is performed in accordance with ASTM D6024 and the
requirements of the tests required herein are satisfied.

END OF SECTION

CE-038
Revision 0
May 3, 2006
Page 7 of 7

ATTACHMENT C
DESIGN DRAWINGS

Attachment C-1
1974 Pond Modifications

Attachment C-2
1978 Plot Plan

Attachment C-3
1981 Modifications

Attachment C-4
2013-2014 Dike Improvements

BOTTOM ASH POND
COMPLEX NORTHWEST
DIKE IMPROVEMENTS

SITE

CONESVILLE POWER PLANT
CONESVILLE, COSHOCTON COUNTY, OHIO

LOCATION MAP
SCALE 1" = 5000'

SUBMITTED AND OWNED BY:
AEP OHIO
1 RIVERSIDE PLAZA, COLUMBUS, OHIO 43215

SITE

PREPARED BY:
AMERICAN ELECTRIC POWER SERVICE CORP.
1 RIVERSIDE PLAZA, COLUMBUS, OHIO 43215
AND
S&ME, INC.
6190 ENTERPRISE CT., DUBLIN, OHIO 43016

VICINITY MAP
SCALE 1" = 1000'

INDEX OF PLANS
SHEET TITLE
COVER SHEET
SITE PLAN
FINAL GRADING PLAN & PROFILE
TYPICAL SECTIONS
CROSS SECTIONS
DETAILS

DWG. NO.
456-30240
456-30241
456-30242
456-30243
456-30244
456-30245

SHEET NO.
1
2
3
4
5
6

DATE

NO.

DESCRIPTION

REVISIONS

SCALE:

SEPTEMBER 2012

CH:

PROJECT NUMBER:

1176-11-003D

DRAWN BY:

ARW

DRAWING DATE:

7-20-2012

ENGINEER:

AJS

LAST UPDATED:

9-28-2012

APPROVED BY:

MGR

SCALE:
IGS0700

CM 1

2

3

4

5

6

7

3
16 INCH

4

12

16

TENTHS

10

20

30

INCHES

1

2

GRAPHIC

APPROVED BY

DR:

DATE:

1:1

3

Rev. No:
Plot Date:
Plotted by:

APPD.

CLOSED
LANDFILL

EXISTING BUILDING

CONTROL POINT #4
EXISTING BOLLARD
N: 190,824.6
E: 2,143,273.3
LIMIT OF PAVED DRIVE
EXISTING SLUICE LINES, ABOVE

EXISTING PIPES

PIPES (4)
EXISTING HAUL ROAD

EXISTING FLEXIBLE LINE,
ABOVE GROUND,
EXISTING SLUICE LINES,
ABOVE GROUND, 12-INCH

W

ENTRANCE/EXIT

W

W
W
W
W

SLUICE
OUTLET
POOL

BURIED WATER

CONTROL POINT #1
EXISTING WATER LINE
N: 190,433.8
E: 2,143,052.3
TOP OF PIPE EL.: 755.8
EXISTING GROUND EL.: 758.9

CONTROL POINT #2
EXISTING WATER LINE
N: 190,258.5
E: 2,142,886.4
TOP OF PIPE EL.: 754.7
EXISTING GROUND EL.: 758.6

CONTROL POINT #3
EXISTING WATER LINE
N: 190,514.8
E: 2,143,121.1
TOP OF PIPE EL.: 755.4
EXISTING GROUND EL.: 759.5

EDGE OF ROAD AT
THE TIME OF
THE 2005 SURVEY

EXISTING DIKE
BOTTOM ASH POND

DATE

NO.

DESCRIPTION

REVISIONS
0

30

60

SCALE IN FEET

LEGEND
762

EXISTING CONTOUR (INTERMEDIATE)

760

EXISTING CONTOUR (INDEX)
LIMITS OF EXISTING HAUL ROAD
WATERS EDGE DURING 2005 SURVEY

W

INDICATES DIRECTION OF FALL
SCALE:
DR:

2012 S&ME BORING LOCATION

CH:

NOTE: EXISTING INFORMATION SHOWN IS FROM A MARCH 16, 2005 SURVEY BY
HENDERSON AERIAL SURVEYS, INC. NORTHINGS AND EASTINGS ARE IN THE OHIO STATE
PLANE NORTH COORDINATE SYSTEM. BORING LOCATION INFORMATION WAS RECORDED
BY S&ME, INC. IN 2012. EXISTING WATERLINE LOCATION INFORMATION SUPPLIED BY AEP.
IGS0700

PROJECT NUMBER:

1176-11-003D

DRAWN BY:

ARW

DRAWING DATE:

7-20-2012

ENGINEER:

AJS

LAST UPDATED:

9-28-2012

APPROVED BY:

MGR

SCALE:
CM 1

2

3

4

5

6

7

3
16 INCH

4

12

16

TENTHS

10

20

30

INCHES

1

2

GRAPHIC

APPROVED BY

BAP-1201

DATE:

1:1

3

Rev. No:
Plot Date:
Plotted by:

APPD.

CONSTRUCT IMPROVED DIKE,
SEE TYPICAL SECTION

END RAISED EMBANKMENT, STA = 8+75
BEGIN RAISED HAUL ROAD , STA = 8+75

770

BEGIN TOE DRAIN,
STA = 7+02

775

END TOE DRAIN,
STA = 5+63

780

BEGIN TOE DRAIN,
STA = 1+43

785

MATCH EXISTING,
STA = 0+13.21 ELEV = 768.0

790

790
785
780
775
MATCH EXISTING
STATION 12+21.71,
ELEV = 766.0

770

PROPOSED TOP OF DIKE EL. 767.0
765

765

SOIL FILL
MAX OPERATING POOL EL. 762.0

760

760
BOTTOM OF CUTOFF TRENCH EL. 756.0

755
EXISTING
GROUND
SURFACE

750

755

2005 SURVEY POOL EL. 755.0

SLUICE LINES,
INV. EL. 760.0

750

0+50

1+00

1+50

2+00

2+50

3+00

3+50

4+00

4+50

5+00

5+50

6+00

6+50

7+00

7+50

8+00

8+50

9+00

9+50

10+00

10+50

11+00

11+50

EX = 765.26

767.00

EX = 765.95

767.00

EX = 765.98

767.00

EX = 764.02

767.00

EX = 764.83

767.00

EX = 766.00

767.00

EX = 764.89

767.00

EX = 762.24

767.00

EX = 760.73

767.00

EX = 759.98

767.00

EX = 758.91

767.00

EX = 759.72

767.00

EX = 761.48
760.16

767.00

EX = 760.01
761.31

767.00

EX = 760.36

767.00

EX = 761.09

767.00

EX = 761.13

767.00

EX = 761.35

767.00

EX = 760.01

767.00

EX = 760.00

767.00

EX = 760.00

767.00

EX = 760.86

767.00

EX = 764.00

740

767.00

740

EX = 766.02

745

767.40

745

12+00

PROFILE
0

30

60

SCALE
IN FEET
HORIZONTAL
SCALE IN FEET

EXISTING FLEXIBLE
LINE, ABOVE GROUND,
CLOSED
LANDFILL

EXISTING SLUICE LINES,
ABOVE GROUND, 12-INCH

TO BE RELOCATED
BEHIND GABION WALL

GRADE TO TIE INTO
EXISTING EL. 767.0

LEFT WALL SEE BELOW
AND DWG. NO. 456-30243
FOR DETAIL

FILL TO EL. 767.0
EXISTING HAUL ROAD

MAINTAIN 5' OFFSET FROM
W
EXISTING
WATERLINE,
CONTRACTOR TO VERIFY

EXISTING HAUL ROAD
W

BURIED EXISTING WATER

4"

GRADE TO TIE INTO
EXISTING HAUL ROAD

W
W

EXISTING SLUICE LINES,
ABOVE GROUND, 12-INCH

RIGHT WALL SEE BELOW
AND DWG. NO. 456-30243
FOR DETAIL

BATTER TYP.
BATTER TYP.
3'
BOTTOM ASH POND

4.5'

GRADE TO TIE INTO
EXISTING EMBANKMENT

6'
EXISTING UTILITY POLE

0

30

4.5'

3'

3'

6'

3'

PROPOSED
GRADE (TYP.)

DATE

NO.

DESCRIPTION

REVISIONS

3'

60

3'

SCALE IN FEET

SECTION 1-1
1" = 5'
FINAL GRADING PLAN

LEGEND
762

EXISTING GROUND
SURFACE (TYP.)

SECTION 2-2
1" = 5'

BATTER TYP.

EXISTING CONTOUR (INTERMEDIATE)

BATTER TYP.

760

EXISTING CONTOUR (INDEX)

762

PROPOSED CONTOUR (INTERMEDIATE)
6'
BATTER TYP.

PROPOSED CONTOUR (INDEX)

3'

WATERS EDGE DURING 2005 SURVEY

7.5'

4.5'

SF

6'

6'

EDGE OF CREST, EL. 767.0

10%

3'

3'

W

3'
3'

SLOPE NUMBER & DIRECTION

SECTION 5-5
1" = 5'

7.5'

SCALE:
DR:

3'

PROPOSED SILT FENCE

CH:

SECTION 4-4
1" = 5'

SECTION 3-3
1" = 5'

NOTE: EXISTING INFORMATION SHOWN IS FROM A MARCH 16, 2005
SURVEY BY HENDERSON AERIAL SURVEYS, INC. NORTHINGS AND EASTINGS
ARE IN THE OHIO STATE PLANE NORTH COORDINATE SYSTEM.

PROJECT NUMBER:

1176-11-003D

DRAWN BY:

ARW

DRAWING DATE:

7-20-2012

ENGINEER:

AJS

LAST UPDATED:

9-28-2012

APPROVED BY:

MGR

SCALE:
IGS0700

CM 1

2

3

4

5

6

7

3
16 INCH

4

12

16

TENTHS

10

20

30

INCHES

1

2

GRAPHIC

APPROVED BY

760

DATE:

1:1

3

Rev. No:
Plot Date:
Plotted by:

APPD.

6" TOPSOIL

NOTE: THIS SECTION APPLIES TO THE
EXISTING GROUND SURFACE ABOVE
THE MAXIMUM POOL ELEVATION

VARIES, MAINTAIN EXISTING WIDTH

VARIES

2.5

1

BOTTOM ASH FILL

1

1

3

3
1

VARIES

3

CREST EL. 767.0
EXISTING TOP GROUND SURFACE

15' CREST WIDTH

NOTE: THE LENGTH OF GRADING BEYOND THE
CREST WILL VARY, SEE TYPICAL
SECTION 6+00 FOR MORE DETAILS

VARIES, 4' MAX.
SEE SHEET 456-30242 FOR
THE NUMBER OF BASKETS

SOIL FILL

EXISITNG 12"
FLY ASH PIPES

TYPICAL ROAD IMPROVEMENT SECTION
APPLIES: STA. 8+75 TO 11+17
1" = 4'

SEE SHEET 456-30242 FOR
THE NUMBER OF BASKETS

ODOT ITEM 712.09 GEOTEXTILE
FABRIC, TYPE D

CUTOFF
TRENCH
6" OF #57 STONE

TYPICAL IMPROVED DIKE SECTION
APPLIES: STA. 5+63 TO 7+02
1" = 4'
DIKE

6" TOPSOIL

15' CREST
CREST EL. 767.0

3
1

3
1

EXISTING TOP OF ASH
TOP OF TOE DRAIN EL. 762.5

EMBANKMENT HEIGHT
VARIES 2' TO 11'

MAX. OPERATING POOL EL. 762.0

EXISTING SLUICE LINES
SOIL FILL

EXISTING WATER LINE,

BOTTOM ASH
TOE DRAIN

3'
6'

6" ODOT NO. 57 STONE
MAINTAIN 5' MIN. CLEARANCE

POOL AT TIME OF SURVEY EL. 755.0

SOIL FILL
CUTOFF TRENCH

6" ODOT NO. 2 STONE

TYPICAL IMPROVED DIKE SECTION
APPLIES: STA. 1+43 to 5+63 AND STA. 7+02 TO 8.75
1" = 4'

SAND OR FLOWABLE FILL
SEE PIPE PROFILE

VARIES
TOP LAYER OF 3' X 3'
GABION BASKETS

15' CREST WIDTH

VARIES

3

NOTE: THE LENGTH OF GRADING BEYOND THE
CREST WILL VARY, SEE TYPICAL
SECTION 6+00 FOR MORE DETAILS

2.5

1

1
TOP LAYER OF 6' X 3'
GABION BASKETS

6" MIN.
MIDDLE LAYER OF 4.5' X 3'
GABION BASKETS

EXISITNG 12"
FLY ASH PIPES

SOIL FILL
SAND FILL

BOTTOM LAYER OF 7.5' X 3'
GABION BASKETS

FLOWABLE FILL

EXISITNG 12"
BOTTOM ASH
PIPE

EXISITNG
GROUND
SURFACE

BOTTOM LAYER OF 6' X 3'
GABION BASKETS

CUTOFF TRENCH
ODOT ITEM 712.09 GEOTEXTILE
FABRIC, TYPE D
6" OF #57 STONE

TYPICAL BACKFILL DETAIL
1" = 1"

0

50

100

BOTTOM ASH PIPE PROFILE
1" = 4'
150

200

245
780

780

DATE

NO.

DESCRIPTION

REVISIONS

0

50

100

775

775

775

125
775

770

770

770

770
59'

123'

TOP LAYER OF 3' X 3'
GABION BASKETS

TOP OF WALL EL. 767.0
765

765
TOP LAYER OF 3' X 3'
GABION BASKETS

MIDDLE LAYER OF 4.5' X 3'
GABION BASKETS
760

755

6" OF #57 STONE

750
0

50

MIDDLE LAYER OF 6' X 3'
GABION BASKETS

760

760

760

755

755

755

EXISITNG 12"
SLUICE PIPES (9)

BOTTOM LAYER OF 6' X 3'
GABION BASKETS
100

150

200

765

EXISITNG 12"
SLUICE PIPES (9)

BOTTOM LAYER OF 7.5' X 3'
GABION BASKETS
750
100
125

6" OF #57 STONE

750

750
245

0

50

SCALE:
DR:
CH:

RIGHT GABION RETAINING WALL ELEVATION
1" = 20'

LEFT GABION RETAINING WALL ELEVATION
1" = 20'

PROJECT NUMBER:

1176-11-003D

DRAWN BY:

ARW

DRAWING DATE:

7-20-2012

ENGINEER:

AJS

LAST UPDATED:

9-28-2012

APPROVED BY:

MGR

SCALE:
IGS0700

CM 1

2

3

4

5

6

7

3
16 INCH

4

12

16

TENTHS

10

20

30

INCHES

1

2

GRAPHIC

APPROVED BY

765

DATE:

1:1

3

Rev. No:
Plot Date:
Plotted by:

APPD.

780

780

CL

770

770

3

TOE DRAIN

3

1

780

1

760

760

750
EL = 767.00

-20

-10

0

EL = 767.00

10

20

30

40

740
50

780

770
3

3

740
-50

-40

-30

-20

750
EL = 767.00

-30

-20

-10

0

10

20

30

750
50

40

30

40

780

CL

770

770

3

3

1

1

3

760

1

760
EL = 767.00

STA. 10+00
760

760

EL = 765.07
-40

-30

-20

-10

0

10

20

30

750
50

40

CUTOFF TRENCH
750

750
EL = 767.00

STA. 7+00

EL = 760.04
0

780

770

1

STA. 3+00
-10

20

750
-50

750

-20

10

CL

770

CUTOFF TRENCH

-30

0

3
760

-40

-40

780

TOE DRAIN

760

740
-50

-10

740
50

780

1

1

WATER LINE

750
-50

EL = 761.71

BEGIN TOE DRAIN
AT STA = 7+02

CL
TOE DRAIN

EL = 767.00

STA. 8+00

780

770

760

EL = 765.42
750

EL = 761.18
-30

770

STA. 11+00

750

STA. 4+00
-40

760

CUTOFF TRENCH

750

740
-50

760

CL

1

1

760

CUTOFF TRENCH

WATER LINE

770

770

780

3

3

TOE DRAIN

780

END TOE DRAIN
& C/O TRENCH
AT STA = 8+00

CL

770

780

10

20

30

40

740
50

790

EL = 758.93
740
-50

-40

-30

-20

-10

0

10

20

30

790
BEGIN ROAD
IMPROVEMENTS
AT STA = 8+75

740
50

40

780
780

BEGIN TOE DRAIN
AT STA = 1+43,
BEGIN C/O TRENCH
AT STA = 1+55

CL

770
3

TOE DRAIN

780
780

780

CL

770

1

1
770
760

1

EL = 767.00

760
750
WATER LINE
-40

-30

-20

-10

0

10

20

30

40

740

-40

-30

-20

-10

0

10

20

30

750
50

40

750

GABION BASKETS,
SEE DRAWING
456-30245 FOR
DETAILS

EL = 759.95
740
50

EL = 764.84
750
-50

EXISTING GROUND
SURFACE (TYP.)
750

STA. 2+00

STA. 9+00

760

750
EL = 767.00

740
-50

760

760

CUTOFF TRENCH

770

3

PROPOSED GRADE (TYP.)
2.5

760

CL

770

EXISTING FLY ASH
PIPES

770

3

1

780

EXISTING BOTTOM
ASH PIPES
740

EL = 767.00
780

STA. 6+00

780

EL = 759.72
730
-50

CL

770

-30

-20

-10

0

10

20

30

40

770

3

PROPOSED
GRADE (TYP.)

-40

730
50

3

1

1
780

760

780

760

END TOE DRAIN
AT STA = 5+63

EXISTING GROUND
SURFACE (TYP.)

CL

770
750

750

3

3

TOE DRAIN

EL = 767.00

770
1

1

STA. 1+00
760

EL = 764.15
740
-50

-40

-30

-20

-10

0

10

20

30

40

760

740
50

WATER LINE

CUTOFF TRENCH

DATE

750
780

NO.

DESCRIPTION

REVISIONS

750
EL = 767.00

780

STA. 5+00
EL = 760.38

CL
770

770

740
-50

-40

-30

-20

-10

0

10

20

30

740
50

40

EXISTING
EMBANKMENT
760

760

750

750
BEGIN PROJECT

STA. 0+13.21
EL = 760.04
740
-50

-40

-30

-20

-10

0

10

20

30

40

740
50
0

10

20

SCALE:

CH:

PROJECT NUMBER:

1176-11-003D

DRAWN BY:

ARW

DRAWING DATE:

7-20-2012

ENGINEER:

AJS

LAST UPDATED:

9-28-2012

APPROVED BY:

MGR

SCALE:
IGS0700

CM 1

2

3

4

5

6

7

3
16 INCH

4

12

16

TENTHS

10

20

30

INCHES

1

2

GRAPHIC

APPROVED BY

DR:

SCALE IN FEET

DATE:

1:1

3

Rev. No:
Plot Date:
Plotted by:

APPD.

GABION CLOSING PROCESS

1

4

3

2

1.) CUT THE AREA FOR PIPE
ON BOTH GABION BASKET
FACES AS SHOWN

3.) PLACE THE PIPE
THROUGH GABION BASKET
AND COVER PIPE WITH A
PROTECTIVE MEAN IF
NEEDED AS SPECIFIED BY
PIPE MANUFACTURER

2.) BEND MESH EDGES TO THE
INNER SIDE OF THE GABION
BASKET

LACING
WIRE
2

1

3

4

4.) TIE THE CIRCLE
EDGES WITH LACING
WIRE

2

5.) CONTINUE FILLING WITH
STONES UP TO THE TOP OF THE
BASKET. ROCKS UNDER AND
AROUND PIPE AREA MUST BE
PACKED TO LIMIT ROCK
SETTLEMENTS

GABION W/ PIPE PLACEMENT DETAIL

1

GABION FOLDING PROCESS
DATE

NO.

DESCRIPTION

REVISIONS

SCALE:

CH:

PROJECT NUMBER:

1176-11-003D

DRAWN BY:

ARW

DRAWING DATE:

7-20-2012

ENGINEER:

AJS

LAST UPDATED:

9-28-2012

APPROVED BY:

MGR

SCALE:
IGS0700

CM 1

2

3

4

5

6

7

3
16 INCH

4

12

16

TENTHS

10

20

30

INCHES

1

2

GRAPHIC

APPROVED BY

DR:

DATE:

1:1

3

Rev. No:
Plot Date:
Plotted by:

APPD.

ATTACHMENT D
INSTRUMENTATION LOCATION MAP

ATTACHMENT E
HYDROLOGY AND HYDROLOGIC REPORT

COVER SHEET

Project Name: Conesville Ash Pond Complex H&H

Subject: Hydrologic and Hydraulic Study
Project No. 7217-14-009H

Calc. No.

Discipline Water Resources

Sheet 1 of 6

Ash Pond Complex
Hydrologic and Hydraulic Study

Computations By:

Reviewed By:

0
No.

First Issue
Description

Date 10-7-2016

Signature:
Name:

Matthew R. Marquis, P.E.

Title:

Project Engineer

Signature:

Date 10-7-2016

Name:

Stephen J. Loskota, P.E.

Title:

Senior Project Engineer

MRM

SJL

10/7/2016

By

Review

Date

CALCULATION SHEET

Project Name: Conesville Ash Pond Complex
Subject: Hydrologic and Hydraulic Study
Project No.: 7217-14-009H

Calc. By: MRM

REV By: SJL

Sheet 2 of 6

Date: 10/7/2016

Table of Contents
Objective ........................................................................................................................... 3
Project Background ......................................................................................................... 3
Hydrologic Study............................................................................................................. 3
Hydrology.......................................................................................................................................................3
Storage.............................................................................................................................................................4
Rainfall ............................................................................................................................................................4

Hydraulic Study ............................................................................................................... 4
Ash Pond Outlet ............................................................................................................................................4
Plant Inflows...................................................................................................................................................5

Results / Discussion ........................................................................................................ 6
References ......................................................................................................................... 6
Appendices ....................................................................................................................... 6
Appendix A ....................................................................................................................................................6

List of Tables

Table 1 – Ash Pond Complex Routing Results .......................................................................................6

CALCULATION SHEET

Project Name: Conesville Ash Pond Complex
Subject: Hydrologic and Hydraulic Study
Project No.: 7217-14-009H

Calc. By: MRM

REV By: SJL

Sheet 3 of 6

Date: 10/7/2016

Objective
The ash pond complex at the Conesville Generating Plant is a Class II dam according to the Ohio
Department of Natural Resources (ODNR) Division of Soil and Water. A Hydrologic and Hydraulic (H&H)
study was performed in 2010 and a few assumptions made in the previous analysis have changed
requiring updated analyses as described below:
1.

The previous analysis identified low spots along the exterior dike which have been repaired . The
top of dike used in this study is elevation 770.

2.

The PMF was updated to reflect current ODNR PMP Guidance.

3.

The outlet pipe was originally assumed to be smaller than the actual 36-inch pipe as discovered
by a recent pipe inspection. The pipe size was updated in the outlet structure rating curve used in
this study.

The objective of this study is to demonstrate that the Ash Pond Complex can safely pass the 50%
probable maximum precipitation (PMP) as required by ODNR.

Project Background
The Conesville Generating Plant is located in Coshocton County, Ohio, east of the Muskingum River,
across from the town of Conesville. Adjacent to the plant is an approximate 100 acre ash pond complex
within which are a number of individual ponds or lagoons: Three fly ash ponds denoted as Fly Ash Pond A,
B and C, a bottom ash pond, and a Clearwater pond. The ponds are isolated from exterior surface water
inflow. The ponds are regularly dredged and the recovered fly ash and bottom ash is either being
beneficially re-used or taken to the nearby Abandoned Mine Lands reclamation projects or the nearby
residual waste landfill. The separator dike between each lagoon is constructed of fly ash and bottom ash.
The separator dikes convey flow either through a pipe or through outlet structures. Because the ponds
are interconnected with pipes and outlet structures which equalize the water surface to a common normal
pool, the entire pond complex was treated as one hydraulic unit. For the purposes of this study, the
interior dikes and outlet devices within the pond complex were not included (or hydraulically modelled)
and a single maximum permitted water surface elevation was assumed across all ponds. This assumption
is consistent with the Ohio Dam Safety Program dam inventory record for the Conesville Ash Pond
Complex.

Hydrologic Study
S&ME used the SCS method to estimate the peak discharge during the design storm event. A Hydrologic
and hydraulic analysis was conducted using the HydroCAD v.10 computer program to model the Ash
Pond Complex drainage area using the TR-20 methodology.

Hydrology
The ponds are completely isolated from exterior surface water inflow. The previous analysis performed in
2010 (BBCM, 2010) assumed a drainage area of approximately 128.64 Acres. The Curve number used in
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this study was based on the value used in the previous hydrologic analysis performed in 2010 (BBCM,
2010). The Curve number was assumed to be 93 since the majority of the drainage area is open water. The
time of concentration of 30 minutes was obtained from the previous analysis (BBCM,2010).

Storage
The storage within the Ash Pond Complex was obtained from the previous analysis (BBCM, 2010). Storage
and surface area data is included in Appendix A, A.2.

Rainfall
The Ash Pond Complex has been identified as a Class II dam by ODNR, and as such must safely pass 50%
of the Probable Maximum Flood (PMF) in accordance with OAC Rule 1501:21-13-02. The Probable
Maximum Precipitation (PMP) was used to estimate the PMF based on revised rainfall depth estimates for
the state of Ohio from a statewide PMP study released by ODNR in 2013. Historic PMP values were
conservatively high to account for a higher level of uncertainty associated with the predicted values. When
the results of the latest ODNR study were found to reduce the precipitation values, new guidelines were
released on the appropriate use of the values in the hydrologic and hydraulic analysis of dams.
Specifically, the new guidelines require the evaluation of two separate rainfall distributions: a 24-hour SCS
Type II distribution commonly used in the Midwest but modified slightly by ONDR; and a 6-hour PMP
distribution developed by ODNR using techniques from Hydrometeorlogical Report No. 52. The
distributions are presented in Appendix A, A.3-A.6. The time step (which influences peak duration and
intensity) used in each distribution has been defined by ODNR. The more conservative event (the one
resulting in the higher peak water surface elevation) is used as the design event. Maps provided in
Appendix A, A.7-A.8, were used to estimate the total rainfall volumes applied to each of the two specified
rainfall distributions.

Hydraulic Study
The Ash Pond Complex outlet device was modeled using HydroCAD and hydraulic components used in
the study are described in more detail in the following sections. The HydroCAD reports for each rainfall
distribution scenario are included in Appendix A, A.15-A.28.

Ash Pond Outlet
The Ash Pond outlet device is a concrete structure with stop logs that control the normal pool and an
outlet pipe at the base of the structure to discharge flow from the Ash Pond. The stop logs are 4 feet long
and the logs are placed to set the normal pool to elevation 762 which corresponds to the maximum
permitted operating pool. The 36-inch concrete outlet pipe inside inlet elevation sits at approximately
elevation 750 and the outlet invert sits at elevation 730. The outlet pipe is approximately 300 feet long.
Each component of the outlet structure was evaluated separately using accepted engineering equations
and a composite rating curve was developed for the entire structure based on the limiting flow at each
incremental headwater elevation. The composite rating curve was used in HydroCAD to model the
outflow from the pond. A photo of the outlet structure is included below:
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Location / Orientation
Remarks

Clear Water Pond Outlet
Concrete Stop Log Structure

The stop log structure rating curve was developed using a composite of a sharp-crested weir equation
with end contractions to simulate the concrete sidewalls and a broad-crested weir equation as the
headwater elevation climbs outside of the applicable range for the sharp-crested equation. The length of
the weir is the stop log length, 4 feet, and the height of the weir is the difference between the normal
pool elevation and the bottom of the structure, 12 feet. As the water falls over the weir and begins to fill
the void space within the structure, the flow transitions to orifice flow into the outlet pipe at the base of
the structure. The outlet pipe orifice flow was modeled using the orifice equation with the centroid of the
opening set to 1.5-feet above the invert of the pipe, elevation 751.5. As the headwater elevation rises, the
flow transitions to pipe pressure flow and the capacity of the pipe controls the outflow. The pipe pressure
flow was modeled using a simplified energy equation by solving for velocity and multiplying by the cross
sectional area to obtain the estimated flow capacity at incremental headwater elevations. The manning’s
roughness coefficient for the pipe was assumed to be 0.011 based on the HydroCD manual entry for a
clean straight concrete pipe. The final rating curve for the outlet structure was developed by choosing the
controlling flow at each incremental headwater elevation from all three primary flow types and the
calculations used to develop the curve are included in Appendix A, A.10-14.

Plant Inflows
Plant inflows to the Ash Pond Complex were obtained from a current water balance diagram obtained
from AEP. The diagram suggests that average daily flows to the Ash Pond total approximately 27.4 million
gallons per day (MGD) which approximately equals 42.4 cfs. The plant inflow was applied as a constant
base flow across the entire storm duration for both the 24-hour and 6-hour scenarios. A water balance
diagram used to estimate plant flows is included in the Appendix, A.9.
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Results / Discussion
The results of the study are included in Table 1 below:

Table 1 – Ash Pond Complex Routing Results
Scenario

HydroCAD WSEL

Top of exterior Dike

ODNR 6-HR Dimensionless Distribution

763.3

770.0

ODNR 24-HR SCS Type-II Modified Distribution

764.1

770.0

The predicted maximum water surface elevation (WSEL) determined using HydroCad is lower than the
elevation of the exterior dike which suggests that the Ash Pond Complex can safely pass the 50% PMF in
accordance with the requirements of OAC Rule 1501:21-13-02.

References
BBCM Engineering, Inc. (2010). “Addendum to Bottom Ash Pond Investigation.” American Electric Power
Service Corp., December, 2010.
Chow, Ven Te. "Chapter 5 - Development of Uniform Flow and Its Formulas." Open-channel Hydraulics.
New York: McGraw-Hill, 1959. Print.
HydroCAD User Manual. Vers. 10.00. n.p.: HydroCAD Software Solutions LLC, Program documentation.
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Conesville Bottom Ash Ponds - Storage Volume Computations
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acres

Distance
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Volume
ac-ft

70.60

5

353.00
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5

366.00

76.50

10
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81.50

10

815.00

85.50

6

513.00
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4
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Cum Vol
ac-ft
0
353.0
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750

719.0

77.80

760

1484.0

85.20

766

2299.0

85.80

770

2812.0

89.70

3163.0

Values in area column are estimated to match volume data provided by
AEP in previous HEC-1 analyses and are not considered precise.

Bottom Ash Ponds - Surface Area/Storage/Elevation
Note: Surface Area Values are Estimated
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Probable Maximum Precipitation Application
Guidelines
August 23, 2013

“Probable Maximum Precipitation Study for the State of Ohio” (April 2013, Applied Weather Associates,
LLC) is acceptable and appropriate for determining Probable Maximum Precipitation (PMP) values
under Ohio Administrative Code Rule 1501:21-13-02. This study shall supersede Hydrometeorological
Report No. 51 (HMR51) by the National Weather Service for the purpose of determining design floods
for dams within the division’s jurisdiction.
"Probable Maximum Flood" or "PMF" means the flood that may be expected from the most severe
combination of critical meteorologic and hydrologic conditions that are reasonably possible in the
drainage basin under study. The "PMF" is derived from the PMP and is determined by using a
hydrologic model to simulate the drainage basin's response to those critical conditions which produce
the most severe flood runoff. Because each basin is different, it is necessary to simulate multiple
flood events using different PMP durations to determine the most severe flood. The most severe
flood would then be called the PMF. The table below provides guidance for application of PMP values
for determining the PMF for a given drainage basin.
Drainage
Basin Size

Storm
Rainfall Depth and Spatial Extent
Duration

<1 mi2

6 hours

24 hours
1 mi2 - 10 mi2

6 hours

24 hours

>10 mi2

24 hours

72 hours

Obtain the rainfall depth from the 1 mi2
PMP chart. The spatial extent of the
storm is 1 mi2.
Obtain the rainfall depth from the 1 mi2
PMP chart. The spatial extent of the
storm is 1 mi2.
Determine the rainfall depth by
interpolation between 6-hour, 1 mi2 and
6-hour, 10 mi2 PMP rainfall depths based
on the drainage basin size.C The spatial
extent of the storm is equal to the
drainage basin size.
Determine the rainfall depth by
interpolation between 24-hour, 1 mi2 and
24-hour, 10 mi2 PMP rainfall depths
based on the drainage basin size.C The
spatial extent of the storm is equal to the
drainage basin size.
Use HMR52 (computer program) to
generate a 72-hour basin-specific storm
(the time step should be set to 1 hour);
extract the most severe 24 hours from
within the 72-hour stormD.
Use HMR52 (computer program) to
generate a 72-hour basin-specific storm
(the time step should be set to 1.5
hours)D.

Temporal Distribution
Dimensionless Design Storm
DistributionA
SCS Type II at 1.5-hour time stepB

Dimensionless Design Storm
DistributionA

SCS Type II at 1.5-hour time stepB

Use HMR52 (computer program) to
generate a 72-hour basin-specific
storm (the time step should be set to 1
hour); extract the most severe 24
hours from within the 72-hour stormD
Use HMR52 (computer program) to
generate a 72-hour basin-specific
storm (the time step should be set to
1.5 hours)D
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A

The Dimensionless Design Storm Distribution is from NRCS, Technical Release 60 (July 2005).
Hr.

Cum.

Incr

Hr.

Cum.

Incr

Hr.

Cum.

Incr

0
0.2
0.4
0.6
0.8
1
1.2
1.4
1.6

0.000
0.013
0.026
0.041
0.058
0.077
0.098
0.121
0.146

0
0.013
0.013
0.015
0.017
0.019
0.021
0.023
0.025

2.2
2.4
2.6
2.8
3
3.2
3.4
3.6
3.8

0.379
0.530
0.625
0.670
0.705
0.736
0.764
0.790
0.814

0.150
0.150
0.095
0.045
0.035
0.031
0.028
0.026
0.024

4.2
4.4
4.6
4.8
5
5.2
5.4
5.6
5.8

0.856
0.875
0.893
0.910
0.927
0.942
0.957
0.972
0.986

0.020
0.019
0.018
0.017
0.016
0.016
0.015
0.015
0.014

1.8

0.179

0.033

4

0.836

0.022

6

1.000

0.014

2

0.229

0.050

B

The SCS Type II distribution at a 1.5-hour time step is shown below. The time step has been
modified from the original distribution to provide peak intensities that are appropriate for Ohio storms.
Please note that computer programs that use the original SCS Type II distribution will likely generate
a flood peak that is inappropriately high.
Hr.

Cum.

Incr

Hr.

Cum.

Incr

0
1.5
3
4.5
6
7.5
9
10.5

0
0.016
0.035
0.056
0.080
0.109
0.147
0.204

0
0.016
0.018
0.021
0.024
0.029
0.038
0.058

12
13.5
15
16.5
18
19.5
21
22.5

0.663
0.799
0.854
0.891
0.921
0.945
0.965
0.984

0.459
0.136
0.055
0.038
0.029
0.024
0.021
0.018

12

0.663

0.459

24

1

0.016
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C HMR51

does not provide PMP rainfall depths for areas less than 10 mi2. The 2013 PMP Study
provides PMP rainfall depths for areas 1.0 mi2 and greater. PMP rainfall depths for drainage basins
between 1 mi2 and 10 mi2 generally fit a straight line when the drainage basin/storm area is taken as
log10. For the example shown below, the PMP rainfall depth for a 10 mi2 basin (storm area) is 24.2
inches, and the PMP rainfall depth for 1 mi2 basin is 27.6 inches. For a 5 mi2 basin, a straight line
interpolation (no log10) would calculate the PMP to be 26.1 inches, which is incorrect. The correct
value for the 5 mi2 PMP rainfall depth is 25.2 inches.

PMP Rainfall Depth for a 5 mi2 basin using linear interpolation (incorrect)

24.2
25.2

5 mi2 Basin

26.1
27.6

PMP Rainfall Depth for a 5 mi2 basin using interpolation with basin size as log10 (correct)
D Hydrometeorological

Report No. 52 (HMR52) describes application of PMP values east of the 105th
Meridian. The report is available through the National Weather Service:
http://www.nws.noaa.gov/oh/hdsc/studies/pmp.html. The US Army Corps of Engineers developed a
computer program for applying this report (the computer program is also called HMR52). The
computer program is available at http://www.dodson-hydro.com/download.
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Comments:
In past analyses, there was confidence that the PMP values from HMR51 and the rainfall distributions
were very conservative. The new PMP values and distributions no longer provide an additional safety
factor; therefore, it is important to assure that appropriate, justified hydrologic parameters are used.
Important items that need to be specifically addressed and documented in a hydrologic study for a
dam are listed below:
- More detailed investigation of the time of concentration/lag time
- Justification for unit hydrograph duration
- When assessing infiltration/runoff using curve numbers, specifically address connected
impervious, and the “Quality Cover” should be no higher than “fair” unless specifically justified.
Important References:
Natural Resources Conservation Service, National Engineering Handbook
Part 628 Dams, Chapter 50 Earth Spillway Design (1997)
Part 630 Hydrology, Chapter 9 Hydrologic Soil-Cover Complexes (2004), Chapter 15 Time of
Concentration (2010), Chapter 16 Hydrographs (2007)
Natural Resources Conservation Service, Conservation Engineering Division
Earth Dams and Reservoirs, TR–60, July 2005
US Army Corps of Engineers, Hydrologic Engineering Center
HEC-1, Flood Hydrograph Package, User’s Manual (1998)
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SW (Muskingum River)
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Boiler Water

0.012
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Water
Pre-Treatment

Well

## - Outfall number
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Runoff
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Unit 4 FGD CPS
WWTP 604
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Unit 4 FGD

1.957
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Water Strainers

0.010

27.609

Sludge
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Cooling Tower
Blowdown

22.9
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16.85
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0.20

Flows are based on design flows in MGD.
Precipitation is assuming 39”/year.
Units 1/2 circulation water are not included since they have been retired.

NOTES:
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Precipitation

0.434

Project: Conesville Ash Pond Complex H&H
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Clearwater Pond - Sharp Crested Weir Flow
Calculated By: MRM

Date: 10/3/2016

Reviewed By:

Date:

Source: Hydraulic Engineering Circular No. 22, Third Edition
Urban Drainage Design Manual (Rev. 2013)

Value
Pool Elevation = 762
Length of Weir = 4.0
Height of Weir = 12.0

Units
Feet MSL
Feet
Feet

Headwater Elevation (FT)

L, Length (feet)

Hc, Feet

H/Hc

762.00
763.00
764.00
765.00
766.00
767.00
768.00
769.00
770.00
771.00
772.00
* Cscw = 3.33 when H/Hc < 0.3

4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00

0.00
0.08
0.17
0.25
0.33
0.42
0.50
0.58
0.67
0.75
0.83

S&ME, Inc.

Description
Maximum Normal Operating Pool
From 2010 Analysis
From 2010 Analysis
Cscw,
Coefficient*
3.33
3.33
3.33
3.33
3.40
3.44
3.47
3.50
3.54
3.57
3.60

Q, Orifice Discharge (CFS)
[Use EQ 8-20]

0.0
12.7
33.9
58.8
87.1
115.3
142.8
168.7
192.1
212.1
227.9

CWP_Final Case.xls
10/4/2016
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Project: Conesville Ash Pond Complex H&H
Location: Coshocton, Ohio
Project Number: 7217-14-009H

Clearwater Pond - Broad Crested Weir Flow
Calculated By: MRM

Date: 10/3/2016

Reviewed By:

Date:

Source: Hydraulic Engineering Circular No. 22, Third Edition
Urban Drainage Design Manual (Rev. 2013)

Value
Pool Elevation = 762
Width = 4.0

Units
Feet MSL
Feet

Description
Maximum Normal Operating Pool
From 2010 Analysis

Headwater Elevation (FT)

Cbcw, Coefficient

Ao (SF)

Ho (FT)

Q, Discharge (CFS)

762.00
763.00
764.00
765.00
766.00
767.00
768.00
769.00
770.00
771.00
772.00

3.32
3.32
3.32
3.32
3.32
3.32
3.32
3.32
3.32
3.32
3.32

0.00
4.00
8.00
12.00
16.00
20.00
24.00
28.00
32.00
36.00
40.00

0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00

0.0
13.3
37.6
69.0
106.2
148.5
195.2
245.9
300.5
358.6
420.0

S&ME, Inc.

CWP_Final Case.xls
10/4/2016
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Project: Conesville Ash Pond Complex H&H
Location: Coshocton, Ohio
Project Number: 7217-14-009H

Clearwater Pond - Pipe Inlet Flow
Calculated By: MRM

Date: 10/3/2016

Reviewed By:

Date:

Source: Hydraulic Engineering Circular No. 22, Third Edition
Urban Drainage Design Manual (Rev. 2013)

Pool Elevation =
Diameter =
Orifice Elevation =
Co =

Value
762
36.0
751.50
0.6

Units
Feet MSL
Inches
Feet MSL
(0.4-0.6)

Description
Maximum Normal Operating Pool
Inside Diameter of Orifice
Controid Elevation of Orifice (750 + 1.5ft)
Use 0.6 for circular pipe with square edges

Headwater Elevation (FT)

Co, Coefficient

Ao (SF)

Ho (FT)

g (FT/S^2)

Q, Orifice Discharge (CFS)

762.00
763.00
764.00
765.00
766.00
767.00
768.00
769.00
770.00
771.00
772.00

0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6

7.07
7.07
7.07
7.07
7.07
7.07
7.07
7.07
7.07
7.07
7.07

10.50
11.50
12.50
13.50
14.50
15.50
16.50
17.50
18.50
19.50
20.50

36.2
37.2
38.2
39.2
40.2
41.2
42.2
43.2
41.2
42.2
43.2

116.9
124.1
131.1
138.0
144.8
151.6
158.3
164.9
165.6
172.1
178.5

S&ME, Inc.

CWP_Final Case.xls
10/4/2016
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Project: Conesville Ash Pond Complex H&H
Location: Coshocton, Ohio
Project Number: 7217-14-009H

Clearwater Pond - Pipe Pressure Flow
36" Concrete Outlet Pipe
Calculated By: MRM

Date: 10/3/2016

Reviewed By:

Date:

Sources: Hydraulic Engineering Circular No. 22, Third Edition, Urban Drainage Design Manual (Rev. 2013)
Oho Department of Transportation, Hydraulics Manual, Chapter 8, Appendix A
Value
Manning's n =
Inlet Invert =
Outlet Invert (z2) =
Entrance Coefficent (Ke) =
Expansion Coefficent (Ko) =
Bend Coefficent (Kb) =
Pipe Diameter (D) =
Pipe Length (L) =
Darcy-Weisbach (f) =
Gravity Constant (g) =

0.011
750
730
0.5
1
0
3
300
0.016
32.2

Units

Description
Based on Concrete Pipe, straight, (Chow, 1959)

Feet msl
Feet msl

Feet
Feet

From Pipe Inspection
Relate Manning's n to Darcy-Weisbach friction factor

Feet/sec^2
f =

185 n
D

2

1
3

Headwater Elevation (z1) (FT)

Velocity (FPS)

Area (SF)

Flow (CFS)

762.00
763.00
764.00
765.00
766.00
767.00
768.00
769.00
770.00
771.00
772.00

22.55
22.90
23.25
23.59
23.92
24.25
24.58
24.90
25.21
25.53
25.84

7.07
7.07
7.07
7.07
7.07
7.07
7.07
7.07
7.07
7.07
7.07

159.4
161.9
164.3
166.7
169.1
171.4
173.7
176.0
178.2
180.4
182.6

ENERGY EQUATION
p1 v12
p v2
+ + z1 = 2 + 2 + z2 + ∑hL
γ 2g
γ 2g

HEAD LOSS EQUATION

∑h

L

=

v2  L

 f + K e + K o + Kb 
2g  D


SOLVE FOR VELOCITY
v=

2g(z1 − z2 )
  L

1+  f + Ke + Ko + Kb 

  D

Q = VA
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Clearwater Pond Outlet Structure Capacity - Case 4
Stop Log
Stop Log
Lake
Pipe Inlet Pressure
Control
Total
Flow Sharp Flow Broad
Elevation
Flow
Pipe Flow
Outflow
Flow
Control Type
Weir*
Weir
feet
cfs
cfs
cfs
cfs
MGD
762.00
0.0
0.0
116.9
159.4
0.0
0.0
Stop Log Flow Sharp Weir*
763.00
12.7
13.3
124.1
161.9
12.7
8.2
Stop Log Flow Sharp Weir*
764.00
33.9
37.6
131.1
164.3
33.9
21.9
Stop Log Flow Sharp Weir*
765.00
58.8
69.0
138.0
166.7
69.0
44.6
Stop Log Flow Broad Weir
766.00
87.1
106.2
144.8
169.1
106.2
68.7
Stop Log Flow Broad Weir
767.00
115.3
148.5
151.6
171.4
148.5
96.0
Stop Log Flow Broad Weir
768.00
142.8
195.2
158.3
173.7
158.3
102.3
Pipe Inlet Flow
769.00
168.7
245.9
164.9
176.0
164.9
106.6
Pipe Inlet Flow
770.00
192.1
300.5
165.6
178.2
165.6
107.0
Pipe Inlet Flow
771.00
212.1
358.6
172.1
180.4
172.1
111.2
Pipe Inlet Flow
772.00
227.9
420.0
178.5
182.6
178.5
115.4
Pipe Inlet Flow
*Equation [8-20] from HEC-22 only applicable for range of values when L>3H. After elevation 764 the broad-crested
weir equation is more appropriate.

1S
Ash Pond DA

2P
Ash Pond Complex

4L
Plant Inflows

Subcat

Reach

Pond

Link

Routing Diagram for Clear Water Pond 6-HR HMS
Prepared by S&ME, Inc., Printed 10/7/2016
HydroCAD® 10.00-15 s/n 08472 © 2015 HydroCAD Software Solutions LLC
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Clear Water Pond 6-HR HMS
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Area Listing (all nodes)
Area
(acres)

CN

128.640

93

Description
(subcatchment-numbers)
(1S)
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E 6-hr 6-HR Rainfall=9.37"

Clear Water Pond 6-HR HMS
Prepared by S&ME, Inc.
HydroCAD® 10.00-15 s/n 08472 © 2015 HydroCAD Software Solutions LLC
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Summary for Subcatchment 1S: Ash Pond DA
Runoff

=

726.79 cfs @

2.76 hrs, Volume=

91.373 af, Depth= 8.52"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
E 6-hr 6-HR Rainfall=9.37"
CN
93

Description
100.00% Pervious Area

Tc Length
(min)
(feet)
30.0

Slope Velocity Capacity Description
(ft/ft) (ft/sec)
(cfs)
Direct Entry,

Subcatchment 1S: Ash Pond DA
Hydrograph
800
750

Runoff
726.79 cfs

E 6-hr
6-HR Rainfall=9.37"
Runoff Area=128.640 ac
Runoff Volume=91.373 af
Runoff Depth=8.52"
Tc=30.0 min
CN=93

700
650
600
550
500
Flow (cfs)

*

Area (ac)
128.640
128.640

450
400
350
300
250
200
150
100
50
0
0 2 4

6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72
Time (hours)
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E 6-hr 6-HR Rainfall=9.37"

Clear Water Pond 6-HR HMS
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Summary for Pond 2P: Ash Pond Complex
Inflow Area =
Inflow
=
Outflow
=
Primary
=

128.640 ac, 0.00% Impervious, Inflow Depth = 10.49" for 6-HR event
769.19 cfs @ 2.76 hrs, Volume=
112.433 af
18.14 cfs @ 6.60 hrs, Volume=
64.893 af, Atten= 98%, Lag= 230.2 min
18.14 cfs @ 6.60 hrs, Volume=
64.893 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs / 3
Starting Elev= 762.00' Surf.Area= 0.000 ac Storage= 2,470.000 af
Peak Elev= 763.26' @ 6.60 hrs Surf.Area= 0.000 ac Storage= 2,577.429 af (107.429 af above start)
Flood Elev= 770.00' Surf.Area= 0.000 ac Storage= 3,163.000 af (693.000 af above start)
Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= 1,734.8 min ( 1,932.7 - 197.9 )
Volume
#1

Invert
730.00'

Elevation
(feet)
730.00
735.00
740.00
750.00
760.00
766.00
770.00
771.00
772.00
Device
#1

Avail.Storage
3,300.000 af

Storage Description
Custom Stage Data Listed below

Cum.Store
(acre-feet)
0.000
353.000
719.000
1,484.000
2,299.000
2,812.000
3,163.000
3,200.000
3,300.000

Routing
Primary

Invert
762.00'

Outlet Devices
Special & User-Defined
Elev. (feet) 762.00 763.00 764.00 765.00 766.00 767.00 768.00
769.00 770.00 771.00 772.00
Disch. (cfs) 0.000 12.700 33.900 69.000 106.200 148.500
158.300 164.900 165.600 172.100 178.500

Primary OutFlow Max=18.14 cfs @ 6.60 hrs HW=763.26' (Free Discharge)
1=Special & User-Defined (Custom Controls 18.14 cfs)
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E 6-hr 6-HR Rainfall=9.37"

Clear Water Pond 6-HR HMS

Printed 10/7/2016
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Prepared by S&ME, Inc.
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Pond 2P: Ash Pond Complex
Hydrograph

850

Inflow
Primary

769.19 cfs

Inflow Area=128.640 ac
Peak Elev=763.26'
Storage=2,577.429 af

800
750
700
650
600

Flow (cfs)

550
500
450
400
350
300
250
200
150
100
50

18.14 cfs

0
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72
Time (hours)

Pond 2P: Ash Pond Complex
Stage-Discharge
772
770
768

Primary

Elevation (feet)

766
764
762
760

Special & User-Defined

758
756
754
752
750
748
746
744
742
740
738
736
734
732
730
0

10

20

30

40

50

60

70

80
90
100
Discharge (cfs)

110

120

130

140

150

160

170
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Pond 2P: Ash Pond Complex
Stage-Area-Storage
772
770
768

Flood Elevation

Elevation (feet)

766
764
762
760

Storage

Starting Elevation

758
756
754
752
750
748
746
744
742
740
738
736
734
732
730

Custom Stage Data
0

200

400

600

800

1,000 1,200 1,400 1,600 1,800 2,000 2,200 2,400 2,600 2,800 3,000 3,200
Storage (acre-feet)
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E 6-hr 6-HR Rainfall=9.37"

Clear Water Pond 6-HR HMS
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Summary for Link 4L: Plant Inflows
Inflow
Primary

=
=

42.40 cfs @
42.40 cfs @

0.00 hrs, Volume=
0.00 hrs, Volume=

21.060 af
21.060 af, Atten= 0%, Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
2 Point manual hydrograph, To= 0.00 hrs, dt= 6.00 hrs, cfs =
42.40
42.40

Link 4L: Plant Inflows
Hydrograph

46 42.40 cfs
42.40 cfs
44
42
40
38
36
34
32
30
28
26
24
22
20
18
16
14
12
10
8
6
4
2
0
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72
Time (hours)

Inflow
Primary

Flow (cfs)

Manual Hydrograph
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1S
Ash Pond DA

2P
4L

Ash Pond Complex

Plant Inflows

Subcat

Reach

Pond

Link

Routing Diagram for Clear Water Pond 24-HR HMS
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Area Listing (all nodes)
Area
(acres)

CN

128.640

93

Description
(subcatchment-numbers)
(1S)

A.23 OF A.28

E 24-hr 24-HR Rainfall=13.25"

Clear Water Pond 24-HR HMS
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Summary for Subcatchment 1S: Ash Pond DA
Runoff

=

495.27 cfs @ 12.26 hrs, Volume=

132.796 af, Depth=12.39"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
E 24-hr 24-HR Rainfall=13.25"
CN
93

Description
100.00% Pervious Area

Tc Length
(min)
(feet)
18.0

Slope Velocity Capacity Description
(ft/ft) (ft/sec)
(cfs)
Direct Entry,

Subcatchment 1S: Ash Pond DA
Hydrograph
550

Runoff
495.27 cfs

500

E 24-hr
24-HR Rainfall=13.25"
Runoff Area=128.640 ac
Runoff Volume=132.796 af
Runoff Depth=12.39"
Tc=18.0 min
CN=93

450
400
350
Flow (cfs)

*

Area (ac)
128.640
128.640

300
250
200
150
100
50
0
0 2 4

6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72
Time (hours)
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Summary for Pond 2P: Ash Pond Complex
Inflow Area =
Inflow
=
Outflow
=
Primary
=

128.640 ac,
537.67 cfs @
38.28 cfs @
38.28 cfs @

0.00% Impervious, Inflow Depth = 20.24" for 24-HR event
12.26 hrs, Volume=
216.930 af
24.01 hrs, Volume=
127.475 af, Atten= 93%, Lag= 704.6 min
24.01 hrs, Volume=
127.475 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs / 3
Starting Elev= 762.00' Surf.Area= 0.000 ac Storage= 2,470.000 af
Peak Elev= 764.12' @ 24.01 hrs Surf.Area= 0.000 ac Storage= 2,651.670 af (181.670 af above start)
Flood Elev= 770.00' Surf.Area= 0.000 ac Storage= 3,163.000 af (693.000 af above start)
Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= 1,445.7 min ( 2,208.1 - 762.4 )
Volume
#1

Invert
730.00'

Elevation
(feet)
730.00
735.00
740.00
750.00
760.00
766.00
770.00
771.00
772.00
Device
#1

Avail.Storage
3,300.000 af

Storage Description
Custom Stage Data Listed below

Cum.Store
(acre-feet)
0.000
353.000
719.000
1,484.000
2,299.000
2,812.000
3,163.000
3,200.000
3,300.000

Routing
Primary

Invert
762.00'

Outlet Devices
Special & User-Defined
Elev. (feet) 762.00 763.00 764.00 765.00 766.00 767.00 768.00
769.00 770.00 771.00 772.00
Disch. (cfs) 0.000 12.700 33.900 69.000 106.200 148.500
158.300 164.900 165.600 172.100 178.500

Primary OutFlow Max=38.28 cfs @ 24.01 hrs HW=764.12' (Free Discharge)
1=Special & User-Defined (Custom Controls 38.28 cfs)
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Clear Water Pond 24-HR HMS

Printed 10/4/2016
Page 5

Prepared by S&ME, Inc.
HydroCAD® 10.00-15 s/n 08472 © 2015 HydroCAD Software Solutions LLC

Pond 2P: Ash Pond Complex
Hydrograph
600

Inflow
Primary

537.67 cfs

Inflow Area=128.640 ac
Peak Elev=764.12'
Storage=2,651.670 af

550
500
450

Flow (cfs)

400
350
300
250
200
150
100
38.28 cfs

50
0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72
Time (hours)

Pond 2P: Ash Pond Complex
Stage-Discharge
772
770
768

Primary

Elevation (feet)

766
764
762
760

Special & User-Defined

758
756
754
752
750
748
746
744
742
740
738
736
734
732
730
0

10

20

30

40

50

60

70

80
90
100
Discharge (cfs)

110

120

130

140

150

160

170
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Pond 2P: Ash Pond Complex
Stage-Area-Storage
772
770
768

Flood Elevation

Elevation (feet)

766
764
762
760

Storage

Starting Elevation

758
756
754
752
750
748
746
744
742
740
738
736
734
732
730

Custom Stage Data
0

200

400

600

800

1,000 1,200 1,400 1,600 1,800 2,000 2,200 2,400 2,600 2,800 3,000 3,200
Storage (acre-feet)
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Summary for Link 4L: Plant Inflows
Inflow
Primary

=
=

42.40 cfs @
42.40 cfs @

0.00 hrs, Volume=
0.00 hrs, Volume=

84.134 af
84.134 af, Atten= 0%, Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
2 Point manual hydrograph, To= 0.00 hrs, dt= 24.00 hrs, cfs =
42.40
42.40

Link 4L: Plant Inflows
Hydrograph

46 42.40 cfs
42.40 cfs
44
42
40
38
36
34
32
30
28
26
24
22
20
18
16
14
12
10
8
6
4
2
0
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72
Time (hours)

Inflow
Primary

Flow (cfs)

Manual Hydrograph
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Attachment B – NOAA Point Precipitation Data

Precipitation Frequency Data Server

Page 1 of 4

NOAA Atlas 14, Volume 2, Version 3
Location name: Conesville, Ohio, USA*
Latitude: 40.1885°, Longitude: -81.8707°
Elevation: 755.2 ft**
* source: ESRI Maps
** source: USGS

POINT PRECIPITATION FREQUENCY ESTIMATES
G.M. Bonnin, D. Martin, B. Lin, T. Parzybok, M.Yekta, and D. Riley
NOAA, National Weather Service, Silver Spring, Maryland

PF_tabular | PF_graphical | Maps_&_aerials

PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)1
Duration
5-min

Average recurrence interval (years)
1

2

5

10

25

50

100

200

500

1000

0.338

0.405

0.490

0.555

0.638

0.701

0.762

0.826

0.910

0.972

(0.306-0.374) (0.366-0.448) (0.442-0.541) (0.499-0.612) (0.573-0.703) (0.627-0.771) (0.679-0.838) (0.733-0.908) (0.802-1.00) (0.852-1.07)

0.525

0.633

0.762

0.857

0.975

1.06

10-min (0.475-0.582) (0.572-0.700) (0.687-0.841) (0.771-0.945) (0.876-1.08) (0.950-1.17)
0.644

0.774

0.935

1.05

15-min (0.582-0.713) (0.699-0.856) (0.844-1.03) (0.949-1.16)
0.852

1.04

30-min (0.771-0.943) (0.936-1.15)
60-min
2-hr
3-hr
6-hr
12-hr
24-hr
2-day
3-day
4-day
7-day
10-day
20-day
30-day
45-day
60-day
1

1.15

1.23

1.34

1.42

(1.02-1.26)

(1.09-1.36)

(1.18-1.47)

(1.24-1.56)

1.21

1.32

1.43

1.53

1.67

1.77

(1.08-1.33)

(1.18-1.45)

(1.27-1.57)

(1.36-1.69)

(1.47-1.83)

(1.55-1.95)

1.28

1.46

1.70

1.88

2.06

2.24

2.47

2.65

(1.16-1.41)

(1.32-1.61)

(1.53-1.87)

(1.68-2.07)

(1.83-2.26)

(1.99-2.46)

(2.18-2.72)

(2.33-2.92)

1.04

1.27

1.61

1.86

2.21

2.48

2.75

3.04

3.42

3.73

(0.941-1.15)

(1.15-1.41)

(1.45-1.77)

(1.68-2.05)

(1.98-2.43)

(2.22-2.73)

(2.45-3.03)

(2.69-3.34)

(3.02-3.76)

(3.27-4.10)

1.20

1.47

1.88

2.22

2.72

3.13

3.58

4.06

4.77

5.37

(1.09-1.34)

(1.33-1.63)

(1.70-2.10)

(2.00-2.47)

(2.44-3.01)

(2.80-3.46)

(3.18-3.95)

(3.60-4.48)

(4.20-5.25)

(4.69-5.90)

1.29

1.56

2.01

2.37

2.90

3.35

3.84

4.38

5.17

5.85

(1.16-1.44)

(1.41-1.75)

(1.81-2.25)

(2.12-2.65)

(2.59-3.24)

(2.98-3.72)

(3.40-4.27)

(3.86-4.85)

(4.52-5.72)

(5.07-6.46)

1.53

1.84

2.34

2.77

3.39

3.93

4.52

5.18

6.14

6.98

(1.38-1.70)

(1.66-2.06)

(2.11-2.61)

(2.49-3.07)

(3.03-3.75)

(3.49-4.34)

(4.00-4.98)

(4.54-5.68)

(5.34-6.73)

(6.02-7.62)

1.81

2.18

2.74

3.22

3.94

4.57

5.26

6.04

7.20

8.20

(1.65-2.01)

(1.98-2.41)

(2.48-3.03)

(2.91-3.55)

(3.55-4.34)

(4.09-5.01)

(4.69-5.76)

(5.34-6.59)

(6.31-7.83)

(7.12-8.90)

2.10

2.51

3.14

3.68

4.50

5.21

5.99

6.86

8.17

9.30

(1.95-2.28)

(2.33-2.74)

(2.91-3.41)

(3.40-3.99)

(4.13-4.86)

(4.74-5.61)

(5.40-6.44)

(6.13-7.37)

(7.18-8.77)

(8.06-9.98)

2.44

2.91

3.59

4.18

5.06

5.81

6.63

7.53

8.87

10.0

(2.26-2.64)

(2.71-3.15)

(3.34-3.89)

(3.87-4.52)

(4.66-5.46)

(5.31-6.26)

(6.01-7.15)

(6.75-8.12)

(7.82-9.58)

(8.70-10.8)

2.61

3.12

3.83

4.43

5.31

6.06

6.88

7.76

9.05

10.1

(2.44-2.81)

(2.91-3.36)

(3.57-4.11)

(4.12-4.76)

(4.91-5.71)

(5.57-6.51)

(6.27-7.38)

(7.01-8.34)

(8.06-9.75)

(8.92-11.0)

2.79

3.32

4.06

4.67

5.57

6.32

7.12

7.99

9.24

10.3

(2.61-2.99)

(3.11-3.56)

(3.80-4.34)

(4.36-5.00)

(5.17-5.95)

(5.83-6.75)

(6.53-7.62)

(7.26-8.55)

(8.30-9.92)

(9.13-11.1)

3.38

4.01

4.86

5.57

6.59

7.43

8.33

9.28

10.6

11.8

(3.18-3.61)

(3.77-4.29)

(4.56-5.20)

(5.21-5.95)

(6.14-7.03)

(6.89-7.93)

(7.67-8.90)

(8.48-9.92)

(9.61-11.4)

(10.5-12.6)

3.89

4.61

5.52

6.27

7.31

8.15

9.03

9.94

11.2

12.2

(3.65-4.15)

(4.34-4.92)

(5.19-5.89)

(5.88-6.68)

(6.83-7.79)

(7.59-8.69)

(8.36-9.63)

(9.15-10.6)

(10.2-12.0)

(11.0-13.1)

5.44

6.43

7.58

8.48

9.69

10.6

11.5

12.5

13.7

14.6

(5.13-5.76)

(6.06-6.82)

(7.15-8.05)

(7.99-9.01)

(9.10-10.3)

(9.94-11.3)

(10.8-12.3)

(11.6-13.3)

(12.6-14.6)

(13.4-15.6)

6.83

8.05

9.39

10.4

11.8

12.8

13.8

14.7

16.0

16.9

(6.48-7.21)

(7.63-8.50)

(8.89-9.92)

(9.86-11.0)

(11.1-12.4)

(12.0-13.5)

(12.9-14.5)

(13.8-15.6)

(14.9-16.9)

(15.6-17.9)

8.75

10.3

11.8

13.0

14.4

15.5

16.6

17.6

18.8

19.7

(8.30-9.23)

(9.74-10.8)

(11.2-12.5)

(12.3-13.7)

(13.7-15.2)

(14.7-16.4)

(15.6-17.5)

(16.5-18.6)

(17.6-19.9)

(18.4-20.9)

10.5

12.3

14.1

15.4

17.0

18.1

19.2

20.2

21.4

22.3

(10.0-11.1)

(11.8-13.0)

(13.4-14.8)

(14.6-16.2)

(16.1-17.9)

(17.2-19.1)

(18.2-20.2)

(19.1-21.3)

(20.2-22.6)

(21.0-23.6)

Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).

Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for a
given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are not
checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.
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1.0 INTRODUCTION
This Operation, Maintenance, and Inspection Manual was prepared in accordance with Section
1501:21-15-06 of the Ohio Laws and Administrative Rules for Issuing Construction Permits for and
Making Periodic Inspections of Dams, Dikes, and Levees. It is intended to assist the owner in regular
operation, maintenance, and inspection activities. This manual was prepared by Burgess & Niple, Inc.
(B&N), Columbus, Ohio for the American Electric Power’s (AEP’s) Conesville coal ash slurry dam and
is based on observations made during a site visit and information provided by AEP. This OM&I Manual
supersedes any and all previous OM&I Manuals that have been prepared for this facility.

The Conesville coal ash slurry dam has been conservatively designed and carefully constructed;
however, small problems can develop over time. Experience has shown that some of these small
problems can become major problems if corrective measures are not promptly taken. The main intent of
this manual, therefore, is to provide the guidelines for a regular operation, maintenance, and inspection
program that will detect problems at an early stage so that they can then be corrected.

Much of the information in this manual has been based on publications issued by the Ohio
Department of Natural Resources (ODNR), Division of Water, Dam Inspection Section. The publications
are a series of Fact Sheets; copies of pertinent Fact Sheets are contained in Appendix C. In addition to
providing basic recommendations for operation, maintenance, and inspection procedures, the Fact Sheets
give a great deal of background information, including causes of dam failures, common problems and
solutions, and reference to organizations and bureaus which can provide information and advice. The
Fact Sheets are valuable publications to have as an adjunct to this manual.

1.1

Project Description

The Conesville coal ash slurry dam is owned by the American Electric Power (AEP) and is
located in Coshocton County, Ohio; AEP’s corporate headquarters are located in Columbus, Ohio.
Exhibit 1 shows the location of the dam. The dam is located at the AEP Conesville power generation
station approximately five miles south of Coshocton, Ohio and approximately 60 miles east of Columbus,
Ohio. The dam is not on a major waterway, but is approximately 2,000 feet east of the Muskingum River.

The coal ash slurry pond at the Conesville plant was originally constructed in the 1950s and was
subsequently expanded in the 1970s. The pond resembles an upground reservoir in that it was formed by
excavating earth below natural grades and using the suitable excavated soil to construct embankments at
the south and north ends of the pond. (Note, directions given in this document are referenced to “true
March 2010
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north,” not the “plant north” which is approximately 37 degrees west of “true north.”) There is a very
small land drainage area that contributes storm water runoff into the pond and the pond’s water surface
makes up most of the contributing drainage area. The pond is internally subdivided into three main areas;
the fly ash pond, the bottom ash pond, and the clear water pond. Internal berms, known as floating roads
or divider dikes and constructed of fly ash and bottom ash, are used to separate the three areas, however,
the berms are not constructed as “dam embankments” and are not considered to be structurally capable of
serving as water storage embankments. Exhibit 2 is a conceptual site plan of the pond system; an August
2008 contour map of the pond complex is included as Exhibit 3.

The fly ash pond comprises the northern portion of the overall pond system, with an area of
approximately 50 acres. Fly ash-laden water is discharged via four delivery pipes into the northwest
corner of the fly ash pond. The water passes through several cells within the fly ash pond where solids
settle out of the water. The cells within the fly ash pond are formed by internal berms as described above.
The locations of internal berms in both the fly ash and bottom ash ponds may vary from time-to-time as
needed to control water flow and allow removal of accumulated solids from particular areas. At the
southeast corner of the fly ash pond system, outlet structure No. 2 controls flow from the fly ash pond into
the clear water pond. There is a separate 36-inch diameter pipe adjacent to outlet structure No. 2 that also
conveys water from the fly ash pond system into the clear water pond.

The bottom ash pond is in the southwest portion of the overall pond area and covers
approximately 10 acres. Bottom ash-laden water is discharged via seven pipes (excludes two abandoned
pipes) into the northwest corner of the bottom ash pond from which it passes through an initial settling
cell for heavier solids and then through a larger cell for further settling of remaining solids. Near the
northeast side of the bottom ash pond, outlet structure No. 1 controls flow from the bottom ash pond into
the clear water pond. In addition, four 12-inch diameter pipes are installed just south of outlet structure
No. 1 to pass flow from the bottom ash pond to the clear water pond.

The clear water pond is the smallest of the three areas, is located at the southeast corner of the
overall pond area, and has a surface area of approximately 2 acres. It receives water from the fly ash and
bottom ash ponds and subsequently discharges water via a drop inlet structure that discharges to a
drainage stream. The stream flows toward the south and ultimately enters the Muskingum River.
Water enters the pond system from four primary sources:
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1.

Bottom ash-laden water,

2.

Flue gas desulfurization (FGD) water,
2

3.

Fly ash-laden water

4.

Precipitation.

Based on topographic mapping from March 2005 aerial photography, the top of the embankment
along the south and southeast portion of the pond ranges from Elevation 766.4 feet to over 768 feet and
original ground just beyond the outside slope of the embankment ranges from Elevation 735 to 760.
Therefore, the approximate maximum embankment height on the south portion of the embankment is
about 32 feet. Similarly, the top of the embankment along the north portion of the pond had an elevation
of 772.9 to 773.9 feet and a ground surface just beyond the outside slope of the embankment from
Elevation 736. The approximate maximum embankment height for the north embankment is 37 feet.

According to operating records provided by AEP, the clear water pond is typically operated with
a normal pool level of about Elevation 755; the bottom ash pond has a normal pool level of about
Elevation 755 to 760; and the fly ash pond has a normal pool elevation in the range of 758 to 764.

In January and February 2010, AEP completed a review of the freeboard under operating
conditions at the fly ash, bottom ash, and clear water ponds. Ohio Administrative Code 1501:21-13-07
requires that an upground reservoir such as the coal ash pond complex must have five feet of freeboard
unless a variance for reduced freeboard is approved by the chief. AEP is requesting a variance allowing a
freeboard of 4 feet because this will still contain the runoff from a 6-hour probable maximum
precipitation (PMP) event. Based on a 6-hour PMP depth of 26.5 inches and a pond starting elevation of
756 feet, a HEC-1 analysis of direct and local runoff into the pond results in a pond level rise of 3.37 feet
which is less than the required 4 feet, therefore, the pond meets the necessary freeboard of 4 feet. On that
basis, AEP has requested that ODNR approve a variance of the required freeboard from five feet to four
feet for the Conesville Plant coal ash ponds. Subject to approval of this request, AEP will operate the fly
ash, bottom ash, and clear water ponds at or below elevation 756 feet, which provides a minimum of four
feet of freeboard. Note, because the internal berms and splitter dikes that separate the individual ponds
were not designed to serve as dam embankments, AEP has concluded that all of the ponds must meet the
same freeboard requirement.

Based on a combination of original construction drawings and the 2005 aerial survey, B&N
developed elevation-storage data for the pond as provided in Table 1 and shown on Exhibit 4. Storage
volumes were calculated from a bottom elevation of 730 feet to a maximum elevation of 770 feet which
represents the typical top of embankment elevation.
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Table 1
Elevation Storage Data

March 2010

Elevation

Storage Volume

(feet)

(acre-feet)

770

3,163

766

2,812

760

2,299

750

1,484

740

719

735

353

730

0
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2.0 OPERATION PLAN
2.1

Emergency Conditions

If any of the following conditions occur or appear imminent, the Emergency Action Plan (EAP)
(separate document) shall be implemented immediately.

2.2

a.

Overtopping or nearly overtopping of the embankment.

b.

Piping through the embankment, spillway, or foundation.

c.

A large slide in the embankment.

Records

Accurate records shall be kept of the following items:

a.

Maintenance and major repairs. Appendix A contains a sample maintenance/repair log;
an alternate log system may be used following plant record keeping procedures.

b.

Specific observations and changes recorded and photographs taken during normal
inspection periods (see Appendix B).

c.

Date, hour, and maximum elevation of extreme high-water occurrences and the
associated rainfall.

d.

Amount, rate, and reasons for drawdown.

e.

Readings made of water levels in piezometers in and near the embankment.

f.

Complete and up-to-date set of as-built plans and specifications which show all changes
made since the completion of the dam.

g.

Visual observation of the horizontal and vertical alignment on an annual basis. If needed,
the alignments should be surveyed to verify any changes.
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h.

Seepage location, quantity and content of flow, and size of wet area for later comparison.
V-notch weirs can be used to collect and measure flow rates.

i.

2.3

Erosion location and extent of erosion for later comparison.

Drainage Scheme

a.

To lower the pond levels below normal operating conditions, remove stop logs on the
outlet structure(s). This procedure will be effective in lowering the water levels to
approximately Elevation 750.

b.

To lower the water level below the lowest level achieved by stop log removal, use an
alternate means to drain the pond, such as using pumps or siphons. It may be necessary
to excavate a hole in accumulated fly ash or bottom ash to enhance removal of water.

2.4

Safe Rate of Reservoir Drawdown

a.

Deliberate drawdown beyond normal operational requirements shall typically not exceed
1 foot per week, except for emergency situations. Faster drawdown rates may be
required under emergency conditions and can cause sloughing of the embankment’s
pond-side slopes.

2.5

Vandalism

a.

“No Trespassing” signs shall be posted where appropriate. Railings or fences and
warning signs shall be erected around dangerous areas.
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3.0 MAINTENANCE PLAN
This section describes general maintenance procedures to be implemented at Conesville coal ash
slurry dam. In addition to the information provided in the following paragraphs, the ODNR has prepared
a series of Fact Sheets for guidance on operation and maintenance at dams; several pertinent fact sheets
are included in Appendix C for quick reference by AEP.

3.1

Vegetation

a.

Grassed areas shall be mown at least twice per year; however, it is desirable to mow more
frequently to reduce the amount of cut.

b.

Paths created by pedestrian, vehicular, or animal traffic shall be minimized, and any
barren areas which develop should be seeded.

c.

Any cracks and/or erosion gullies which develop shall be completely filled with
thoroughly compacted soil. The area shall be resodded if less than 100 square feet (sf),
and reseeded if larger than 100 sf.

d.

Trees and brush shall not be permitted to grow on the embankment. Remove any trees or
brush from the embankment before it becomes established and restore the embankment
and grass cover. ODNR Fact Sheet 94-28, Trees and Brush, in Appendix C, outlines the
importance of properly maintained embankment vegetation.

e.

Tree and brush growth in the creek channel downstream of the clear water pond’s outlet
pipe shall be minimized.

3.2

Erosion

a.

Promptly repair any eroded areas on the embankment to prevent more serious damage to
the embankment (see Section 3.1 Vegetation).

b.

Erosion in large gullies can be slowed by stacking and securing bales of hay across the
gully until permanent repairs can be made.
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c.

Causes of erosion shall be eliminated. Surface drainage should be spread out in thin
layers as sheet flow.

3.3

Seepage

a.

Any areas of seepage shall be noted and observed for evidence of piping erosion.
Seepage containing soil is a sign of potential serious damage to the dam which may lead
to failure of the dam and should be promptly addressed. Professional engineering
assistance for control of any seepage problems shall be obtained.

b.

3.4

Maintain written records of seepage (see Section 2.2 Records).

Cracks, Slides, Sloughing, and Settlement
a.

Cracks, slides, sloughing, and settlement are signs of embankment distress and indicate
that maintenance or remedial work is necessary.

b.

A Professional Engineer shall determine the cause of stress before any repairs are made.
Maintain written records of problems found and repairs completed (see Section 2.2
Records).

3.5

Rodent Control
a.

Activities of rodents, such as groundhogs, muskrats, and beavers can endanger the
structural integrity and proper performance of an embankment. Groundhogs and
muskrats burrow into an embankment, thereby weakening it and creating seepage paths.
Rodent control is therefore essential for a well-maintained dam. Refer to ODNR Fact
Sheet 94-27, Rodent Control, in Appendix C, for further information.

b.

The damage caused by burrows should be immediately repaired by backfilling the
burrow. A method for backfilling by mud packing is described in ODNR Fact Sheet 9427, Rodent Control, in Appendix C.

c.

Groundhogs may be controlled by fumigants. More detailed information on rodent
control is contained in ODNR Fact Sheet 94-27, Rodent Control, in Appendix C.
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3.6

Debris

a.

Debris shall be removed from the outlet structures and their discharge pipes to allow free
discharge. Caution should be used during high pond levels.

3.7

Concrete Structures

a.

All deteriorated concrete surfaces (i.e., spalling, cracking, pitting, etc.) shall be repaired.

b.

Replace sealant observed to be missing from construction/expansion joints on the
concrete outlet structures.

3.8

Piezometers

a.

Five piezometers are present for monitoring water levels in the embankment.
Approximate locations of the five piezometers, identified as B-6, B-7, P-11, P-12, and
P-13, are indicated on Exhibit 3. Formerly, piezometer P-14 existed near P-13, however
P-14 was compromised and is no longer in use.

b.

Water levels in the piezometers shall be determined and recorded on a quarterly basis to
monitor changes in the pore pressures within the dam. Water levels shall be measured to
the nearest tenth of a foot. A form for recording the piezometer readings is provided in
Appendix A.

c.

In addition to quarterly monitoring, the piezometers shall be monitored during and after
periods of high pool levels (pool level rise greater than 2 feet from a precipitation event).
If piezometer water levels within the dam rise more than 2 feet during a flood event,
contact AEP-Civil Engineering staff and/or a Professional Engineer for evaluation of the
recorded data.

d.

All piezometer monitoring must be done with regard to the safety of the personnel
performing the monitoring. Personnel shall cease monitoring activities if weather
conditions become hazardous (i.e., lightning), if failure of the dam is imminent, or if safe
exit from the embankment will be cut off by flood flows.
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3.9

Toe Drain

a.

Original design drawings by Black & Veatch (1975) indicate that the embankments do
not have toe drains. AEP staff confirmed that the embankments do not have toe drains.
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4.0 INSPECTION PROGRAM
4.1

Purpose

The purpose of this inspection program is to detect and document any changes in condition of the
dam. When a change in condition is detected, AEP-Civil Engineering staff and/or a Professional
Engineer shall be contacted to identify any necessary remedial repair or maintenance work. For clear
identification, a pictorial representation of potential problems and resolutions has been excerpted from
Federal Emergency Management Agency (FEMA) 145, Dam Safety: An Owner’s Guidance Manual,
August 1987, and is contained in Appendix D for reference.

4.2

Personnel

Inspections shall be performed by a responsible person familiar with this Operation, Maintenance,
and Inspection Manual. The same personnel shall perform all regular dam inspections to maintain
consistency in reporting as well as familiarity with the structure.

4.3

Informal Inspections

A brief, informal inspection shall be made after every significant precipitation event (e.g., greater
than 1/2 inch of rain or 3 inches of snow in 24 hours) to ensure that the outlet structures and their
discharge pipes are unobstructed, no earth slide has occurred, no significant erosion gullies have formed,
and no seepage is present.

4.4

Periodic Inspections

a.

Periodic inspection of the dam is extremely important. AEP has regularly inspected the
dam on a quarterly basis. AEP shall continue quarterly inspections.

b.

Inspection instructions and an inspection checklist to be used to record observations are
found in Appendix B.

c.

The inspection procedures and findings must be documented in writing. The quarterly
inspection reports shall be maintained for a minimum of 10 years.
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d.

If problems are found during an inspection that may affect the integrity of the dam, the
EAP for the dam shall be followed for the appropriate emergency condition (A, B, or C)
and the identified problems shall be placed under increased surveillance and scheduled
for repair as appropriate. See also Appendix D for additional guidance.

e.

Problems found during an inspection which do not immediately affect the integrity of the
dam shall be noted and scheduled for follow-up monitoring and repair as appropriate.

f.

An inspection shall be made by an independent Professional Engineer at least once every
5 years.
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5.0 OWNER’S REVIEW
This Operation, Maintenance, and Inspection Manual was prepared for AEP’s Conesville facility
coal ash slurry dam. I have read the Manual on behalf of AEP and understand the actions that will be
required of AEP, and acknowledge that the information contained herein is, to the best of my knowledge,
accurate as of the date of my signature.

(Signature)

Date

Mark Borman
Plant Manager
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APPENDIX A
DAM MAINTENANCE RECORD

CONESVILLE COAL ASH SLURRY DAM
DAM MAINTENANCE RECORD
FOR YEAR _____________

1.

Maintenance
Cut/mow grass and clear brush

2.

Cut/mow grass and clear brush

3.

Cut/mow grass and clear brush

4.

Cut/mow grass and clear brush

5.

Remove debris from outlet structures

6.

Repair eroded areas

7.

Concrete repair (describe)

8.

Repair rodent damage

9.

Piezometers Maintenance (if required)

10.

Other (specify)

11.

Other (specify)

Date

Comments(a)

Initials

(a)

Use additional sheets if necessary.

(b)

Applies only if lake drain is returned to operating condition.

Signature

APPENDIX B
DAM INSPECTION INSTRUCTIONS
AND
DAM INSPECTION CHECKLIST

A.

Dam Inspection Instructions

1.

Dike Inspection Checklist

a.

Inspectors and others should include names and affiliations.

b.

Weather and site conditions should include weather conditions and the condition
of the ground surface (i.e., wet, snow covered, dry, etc.), at the time of the
inspection. Note, if the inspection is occurring immediately after a heavy
precipitation (e.g., greater than 1/2 inch rainfall or 3 inches of snow in the
preceding 24 hours)

c.

Fill in the information requested. Obvious problems will require maintenance.
Monitoring will be recommended if there is potential for a problem to occur in
the future.

2.

Comments

a.

A brief description of any noted irregularities, needed maintenance, or problems
for each item checked should be made. Abbreviations and short descriptions are
recommended.

3.

Sketches and Field Measurements

a.

Explanatory sketches, measurements of cracks, settlement, and additional
explanation of observations should be placed on these pages. A copy of the
Conesville Plant Dike Inspection Location Plan should be used to indicate the
locations of any concerns identified during an inspection.

b.
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Definitions:

CW

Clear Water

B. Ash

Bottom Ash

GPM

gallons per minute
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CONESVILLE PLANT
DIKE INSPECTION CHECKLIST

1.

GENERAL INFORMATION
Date of Inspection

Inspected by

Weather

Temperature

Pond Levels:
Clearwater Pond
Bottom Ash Pond
Fly Ash Pond
2.

EMBANKMENT CONDITION
Please refer to the Dike Inspection Location Plan which comprises Page 3 or to the Conesville
Pond Complex Status August 2008 drawing, page 4. Place a number or letter and, if appropriate,
a descriptive sketch on the location plan at each problem area. Then place the same number(s) or
letter(s) next to the appropriate descriptions below.
DESCRIPTION
Erosion
Defects in crest road
Animal burrows
Seepage/Wetness
Trees on dike
Vegetation condition
Cracks/Bulges/Slides
Other (Please specify)

LOCATION CODE
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3.

WATER CONTROL STRUCTURES
Please inspect the below listed structures. Place a checkmark in the space if the condition is good;
place an X in the space if a problem is found and describe the problem below.
Fly Ash
Pond A to
Fly Ash
Pond C

Fly Ash
to
CW Pond

B. Ash to
CW Pond

CW Pond
to Outfall

Overflow section
Stop logs available?
Discharge end
Surging flow?
Obstructions
Concrete/Steel condition
Reference elev. present?
Other:

4.

PIEZOMETERS
Please obtain water level readings at the piezometers listed below.
Piezometer No.

Elev. Top of Casing

B-6

744.70

B-7

771.65

P-11

769.47

P-12

774.35

P-13

762.62

P-14*

TBD

Depth to Water From T/Casing

* New piezometer to be included in the measurements.

cc: AEP Geotechnical Engineering (Columbus).

Water Elevation
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The following ODNR Fact Sheets are included in this manual for information purposes.
Additional Fact Sheets are available at the ODNR website or from ODNR.

Fact Sheet No.
93-26
94-27
94-28
94-30
94-31
94-32
94-33
99-51
99-52
99-53
99-54
99-55
99-56
99-57
02-63

Title
Lake Drains
Rodent Control
Trees and Brush
Earth Dam Failures
Seepage through Earthen Dams
Concrete Repair Techniques
Inspection of Concrete Structures
Outlet Erosion Control Structures (Stilling Basins)
Upstream Slope Protection
Embankment Instabilities
Ground Cover
Spillway Conduit System Problems
Problems with Concrete Materials
Problems with Metal Materials
Remediation Alternatives

