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Preliminary Design Report
Dam Improvements
Buckeye Lake State Park
Project No. DNR 736-730-93-006

1.0 INTRODUCTION

Buckeye Lake is located in Licking, Fairfield, and Perry Counties approximately 25 miles east of
Columbus, Ohio. The reservoir was originally constructed as a feeder lake for the Ohio and Erie
Canal System and was formerly known as the Licking Summit Reservoir. Records indicate that
construction of the dam began in 1825 and ended in 1832. The earth embankment that impounds
the lake is located on the west and northwest portion of the reservoir and is approximately four
miles long. The maximum height of the embankment is about 15 feet. At some point during the
project’s history, a masonry wall was constructed along the upstream slope of the entire
embankment to protect it from wave erosion.

The dam is generally divided into two parts: West Bank and North Bank. West Bank extends
from the south end of the dam near Liebs Island to about Mud Island, and is characterized by a
relatively low-height embankment (four to six feet high) and a masonry wall visible along the
upstream face of the embankment. North Bank extends from near Mud Island to Picnic Point.
The embankment along North Bank is generally higher (six to 15 feet high) and a sheet pile wall
is visible along the upstream face of the embankment. The sheet pile wall was installed to
replace the rock wall and serves to protect the earth embankment from erosion. It was
constructed at different times but generally between 1948 and 1992. However, a new sheet pile
wall was installed in 2000 along a 500-foot long section of North Bank near Mud Island. With
the exception of a small portion of the sheet pile wall that was installed in 1982, the sheet pile
wall is anchored or tied-back with steel rods connected to sheet pile or concrete deadmen.

Most of the downstream slope of the embankment is no longer owned by the State of Ohio.
Houses have been and continue to be constructed on the downstream slope along essentially the
entire length of the embankment, with their basements and foundations located within the
embankment. Although the rest of the embankment is still owned by the State, residents have
installed decks, walks, boat lifts, boat docks, and other small structures over the years. Many of
these encroachments penetrate the embankment and rely upon the dam for support. There are
also numerous large trees growing on the embankment, which conflicts with dam safety rules in
the Ohio Administrative Code.

The outlet works for the lake consist of two spillways on the north shore. The primary spillway
is located near State Route 79 and consists of a concrete sluiceway with a crest elevation of
884.85 feet. An Amil gate is located at the crest of the sluiceway to control water flow. The gate
is set to be in the full open position when the pool is at elevation 892.2 feet. There is a staff gage
located near the primary spillway which is used to measure the pool elevation. The gage’s zero
datum is at elevation 891.75 feet. There is also an intake structure that controls the flow to a 60-
inch diameter pipe that outlets into the stilling basin. The invert elevation of the pipe is 881.8
feet. The secondary, or emergency, spillway is located near Sellers Point and consists of an
ungated concrete gravity weir. The crest of the weir is at elevation 892.2 feet and is
approximately 460 feet long. An intake structure controls flow to two pipes: a 30-inch diameter



pipe that outlets into the abandoned Ohio Canal and a 60-inch diameter pipe that outlets into the
stilling basin. The invert elevation for both pipes is at 883.9 feet.

The lake has a surface area of approximately 2,700 acres at normal pool elevation 892.25. The
total drainage area of the lake is 44.1 square miles. The lake is fed by several small streams and
by a feeder canal that extends from the town of Kirkersville to the west side of the reservoir.
This feeder canal was built as part of the original project construction to provide additional
inflow into the reservoir and, therefore, additional inflow into the Ohio and Erie Canal System.

The reservoir outlets into the South Fork Licking River, a tributary of the Muskingum River.
The project is presently used for public recreation and is operated and maintained by the Ohio
Department of Natural Resources (ODNR), Division of Parks and Recreation. According to
Division of Water standards, the dam is classified as a Class I structure. Currently, the project
does not meet the spillway capacity criteria for a Class I structure and analyses show that it will
overtop during the design storm event. The dam has been protected from overtopping in the past
through emergency placement of sandbags by Division of Parks and Recreation staff.

2.0 PURPOSE AND SCOPE

ODNR contracted with DLZ Ohio, Inc. (DLZ) on September 28, 2001 to perform several items
of work. These items of work are listed below and described in the following sections:

1. Prepare new topographic mapping and cross-sections for the project.

2. Evaluate the existing trees on the embankment and assist in the development of a tree
management plan.

3. Evaluate the condition of the existing sheet pile walls.

4, Develop conceptual designs for the dam improvements to bring the dam into
compliance with current dam safety standards.

Initially, these improvements included potential modifications to the existing
embankment. However, as the project progressed, the potential improvements
considered were narrowed to a separate, free-standing structure that was constructed
upstream of the existing embankment and did not rely on the existing embankment
for strength or stability. This decision was made because the construction and
condition of the existing earth embankment were unsatisfactory, and to eliminate the
on-going problems caused by split ownership (public and private) of the dam.

5. Develop standard boat dock design options.
3.0 PREVIOUS STUDIES
Several earlier studies of the dam have been performed. These include:

e A spillway adequacy and embankment stability and seepage study performed by
Dodson-Lindblom Associates in 1987.



e Mapping and an evaluation of the sheet pile wall performed by Dodson-Lindblom
Associates between 1989 and 1995.

e A stability study performed by Paul C. Rizzo Associates between 1996 and 1997.

Please note that Dodson-Lindblom Associates was one of the companies that merged to form
DLZ Ohio, Inc., the author of this report.

In addition to these engineering studies, the ODNR Division of Water has performed inspections
of the dam. Their inspections, and reports from the ODNR Division of Parks & Recreation,
indicate the reoccurrence of sinkholes, water seepage through the dam and into homes, and
unconsolidated soils in the earth embankment that forms the dam.

40 MAPPING AND CROSS-SECTIONS

Original mapping for the project was prepared in 1990 as part of a previous evaluation of the
project performed by Dodson-Lindblom. This mapping was updated to reflect the existing
features on the project. A baseline was established in 1990 along the embankment. However,
many of the points on this previous baseline had been removed or could not be found during the
current surveying. Consequently, a new baseline was established along the top of the
embankment as part of this evaluation.

Property lines shown on the mapping are approximate and are not the result of title research. As
part of the final design phase of the project, the State’s property line will need to be located along
the embankment.

Cross-sections of the embankment and the lake bottom were determined approximately every
200 feet. During the field work for the cross-sections, the amount of muck present on the
lakebed was estimated. The estimated amount of muck at each cross-section location is shown
on the cross-section drawings. The mapping and cross-sections developed for the project are
presented in Appendices VII and VIII.

5.0 GEOTECHNICAL INFORMATION
51 General

Several geotechnical explorations have been performed at the site. These included
borings in the embankment for the 1987 and 1995 studies by Dodson-Lindblom
Associates, Inc. and the 1997 study by Paul C. Rizzo, Inc. For the 1995 evaluation,
Dodson-Lindblom reanalyzed the existing sheet pile walls and drilled 15 borings in the
lake along the West Bank and North Bank walls.

The original scope of work for this evaluation considered numerous borings in the
embankment to be drilled using hand methods. However, as the project progressed, the
dam improvement alternatives considered did not include modifying the existing
embankment, but rather constructing a new structure upstream of the existing
embankment. Unfortunately, the lake level during this evaluation was lowered for an
ODNR construction project along the lake and there was not sufficient draft for a barge.



Consequently, additional borings could not be taken for this evaluation and the 1995 lake
borings drilled by Dodson-Lindblom were used for the analyses in this report. The
locations of the 1995 borings are shown on the topographic mapping sheets in Appendix
VII and the results of the borings are discussed below.

5.2

1995 Lake Borings
5.2.1 General

The 1995 exploration consisted of drilling a total of fifteen borings between the
dates of April 20 and May 2, 1995. Borings B-1 through B-8 were located along
West Bank, spaced approximately 800 feet apart. Borings B-9 through B-15 were
located along North Bank at sections of the existing sheet pile wall that were
identified as needing repair or replacement. The borings were drilled from a
floating barge, and they were located as close to shore as possible. The borings
extended to depths ranging from 5.0 to 40.0 feet. Information concerning the
drilling procedures is presented in Appendix II. Logs of the borings are also
presented in Appendix II. The following table lists the approximate boring
locations.

Table 1. Boring Locations

Boring Boring

Number Station Number Station
B-1 11+30 B-9 104+10
B-2 19+70 B-10 110+60
B-3 27+25 B-11 128+50
B-4 35+15 B-12 137+00
B-5 43+60 B-13 145+00
B-6 50+90 B-14 157+15
B-7 59+00 B-15 165+75
B-8 67+45

5.2.2 Geology of the Site

Generalized geological references report that the site was covered by both the
Illinoian and Wisconsinan glaciers. A post-glacial lake or swamp developed over
the glacial till deposits. Consequently, the soils at the project generally consist of
lacustrine type soils (laminated silt and clay with interbedded sand and gravel
layers) overlying glacial till. The underlying bedrock at the site is reported to be
of Mississippian age and consist of shales, limestones, and sandstones of the
Waverly and Maxville formations. However, bedrock is reported to lie at depths
in excess of 100 feet beneath the surface.



5.2.3 Lakebed Conditions

East of Seller’s point near Boring B-9, significant deposits of muck were
encountered at the lakebed. From station 103+00 to 107+00 the muck was 1.5 to
5 feet thick, and at station 113-+00 the muck was 1.5 feet thick. Along the rest of
the shoreline of the project there was little (less than 0.5 feet) or no muck
encountered.

5.2.4 Soil Conditions

The soils encountered by the borings along West Bank were as follows. Borings
B-1 through B-6 encountered similar soils. These borings encountered soft to
medium stiff clayey silts and silty clays to depths ranging from 3.7 to 7.2 feet,
followed by very stiff to hard silty clays and layers of medium dense to very
dense silty sands. Boring B-5 encountered medium dense silt from a depth of 5.5
to 7.2 feet. Boring B-7 encountered medium stiff to stiff silty clay to a depth of
4.7 feet followed by a very loose silty sand which became medium dense at 8.0
feet. Boring B-8 encountered very loose sand at the lake bottom and medium stiff
to hard silty clay from 3.0 feet to the depth of boring. Medium dense silty sand
layers were encountered from 15.5 to 18.0 feet and from 20.5 to 21.7 feet.

The soils encountered by the borings along North Bank (Borings B-9 through
B-15) consisted of soft to very soft organic silty clays to depths ranging from 2.5
to 8 feet, followed by medium stiff to hard silty clays. Medium dense to dense
silty sand was encountered by Borings B-10 and B-15, and medium stiff to very
stiff clayey silt was encountered by Borings B-13 and B-14.

5.2.5 Groundwater Conditions

All of the borings were located within the lake so groundwater conditions could
not be determined. All granular samples recovered were saturated.

5.2.6 Geotechnical Parameters

Based on the results of the borings, generalized cross-sections were developed to
use in the structural analyses of the improvements. Both undrained and drained
shear strengths were then assigned to the various materials in the cross-sections.
The shear strengths were selected based on the results of previous shear strength
tests for the project, typical values, hand penetrometer readings, and conservative
judgment. Based on the results of the borings, the natural soils were divided into
three soil types. The lakebed deposits were considered to be soft clays or medium
stiff clays. The underlying glacial till was considered to be very stiff clay. Any
granular fill in the analyses was assumed to be natural, bank-run gravel. The
selected geotechnical parameters are presented in Table 2 below.



Table 2. Geotechnical Parameters

, . Unit Weight Undrained Strength Drained Strength

Soil Description -

Moist Saturated c ) ¢’ ¢
Muck - 110 pef 0 0 0 0
Soft Clay - 130 pef 500 psf 0 0 28°
Medium Stiff Clay - 130 pcf 750 psf 0 0 28°
Very Stiff Clay -—- 130 pef 2000 pst 0 0 28°
Bank Run Gravel 120 pef 125 pef 0 25° 0 252
6.0 EXISTING TREE IDENTIFICATION AND EVALUATION

6.1 General

Although a new dam structure is to be constructed, due to the size of the dam it will need
to be constructed in phases over a period of several years. Consequently, the existing
trees on the dam are a continuing conflict with dam safety rules. ODNR decided to
address this problem by developing a tree management plan. To develop the plan, and as
part of the evaluation of the dam, all of the trees on the State-owned portion of the
embankment were identified and inspected. The work was performed by T. Davis
Sydnor, Ph.D, who is an arboricultural, urban forestry, and horticultural consultant. The
inspection was performed between February 16 and March 10, 2002. All of the trees
were identified by genus and species and tagged with an identifying number. The tree
diameters were determined at a point 4.5 feet above the ground.

To help develop the tree management plan, the condition of each tree was evaluated and
unusual situations or conditions noted. In addition, Dr. Sydnor estimated the amount of
growth for each tree over the next 20 years and provided estimates on the amount of soil
that might be dislodged (size of the rootplate) during a windfall at the present time and 20
years from now. The assist with the development of a tree management plan for the
State-owned portion of the dam, the potential effect of windthrown trees on stability and
piping of the embankment was considered in a simplified engineering analysis. The tree
management plan will be utilized to effectively manage the risk posed by the trees until
the new dam structure can be constructed.

6.2 Inspection Results

The tree type, current diameter, estimated diameter in 20 years, and current condition for
each of the trees are presented in Table III-1 of Appendix III. Table III-2 in Appendix III
presents the stem size and rootplate radius for each tree currently, as well as estimates of
the stem size and rootplate radius 20 years from now. Additionally, the location of all of
the trees and their identifying tag numbers are shown on the topographic mapping sheets
in Appendix VIL
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