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BUCKEYE LAKE DAM

SPILLWAY CAPACITY AND EMBANKMENT
STABILITY AND SEEPAGE STUDY

SUMMARY

Buckeye Lake is located in Licking, Fairfield, and Perry Counties,
Ohio. The reservoir was originally constructed as a feeder lake for the
Ohio and Erie Canal System. Work on the project was reportedly
initiated in 1825 and completed in 1832. The lake is presently used for
public recreation, including swimming, fishing, and boating. The
surface area of the lake is approximately 2700 acres at the normal
summer pool level. The drainage area of the lake is 44.1 square miles.
The reservoir outlets into the South Fork Licking River, a tributary of
the Muskingum River,

Buckeye Lake Dam is an earthen embankment about 4 miles long with a
maximum structural height of approximately 15 feét. Houses are situated
on the crest and downstream slope along virtually the entire embankment,
and a sheet pile or masonry wall extends along the upstream face of the
embankment. A combination drop spillway and gated outlet works concrete
structure is located in the northeastern portion of the embankment.

This spillway structure was constructed around 1910.

Several communities are located either immediately below the dam or
downstream along the South Fork Licking River. Based on the size of the
lake and the possibility of loss of life due to failure of the dam, the
structure is considered a Class I structure by the Ohio Department of
Natural Resources (ODNR) Division of Water standards,

The lake, the combined spillway and outlet works, and most of the
dam are owned by the State of Ohio and are operated and maintained by

the ODNR Division of Parks and Recreation.

vii



Several past preliminary inspections or studies of the Buckeye Lake
Dam revealed that the spillway capacity did not meet current state
design standards and that the stability of the embankment was
questionable. The ODNR thus contracted with Dodson-Lindblom Associates,
Inc. on March 20, 1985, to perform a comprehensive study of the spillway
capacity requirements of Buckeye Lake and to analyze the structural
integrity of the Buckeye Lake Dam. This report presents and discusses
the results of this study.

Based on the results of this study as discussed herein, the
following recommendations are made for the Buckeye Lake Dam and
spillway:

1. A U-shaped, concrete gravity ungated weir structure should be

constructed in the vicinity of the old dry dock located near
Sellers Point. The weir should have a crest length of 460
feet at elevation 891.75. The normal pool would thus be
maintained at the current normal pool level. A new outlet
channel to the South Fork Licking River will be required as
well as a bridge over the outlet channel just below the dam.
The estimated cost of this spillway, outlet channel, bridge,
and associated improvements to the embankment and the South
Fork Licking River as described in the subsequent
recommendations 1s approximately $4,655,000,

2. The existing spillway structure should be removed or rendered
inoperative and earthfill should be compacted along the
upstream and downstream portions of the structure to
incorporate the structure into a new segment of the embankment

in that area. Some type of gated outlet should be provided at

viii



this site, however, to provide drainage and fresh water
augmentation to the current outlet channel.

Channel improvements should be made to the South Fork Licking
River below the new outlet channel., These improvements should
be coordinated with the basin flood control project proposed by
the SCS and the South Licking River Watershed Conservancy
District,

A concrete parapet wall should be added along the crest of the
embankment where needed to raise the embankment height to
elevation 896.5.

A sheet pile wall should be added in front of the old masonry
wall where no sheet pile wall currently exists. The top of the
new sheet pile wall should also be set at elevation 896.5.

All trees less than 4-6 inches in diameter should be removed
from the embankment, and the state should prohibit the planting
of any additional trees on the embankment in the future.

The state should require permits for the construction of future
docks, building, etc, along the embankment. All proposed
construction should be carefully assessed in light of how it
would affect the structural integrity of the embankment.

All drain pipes located on the top of the dam presently

being used to drain water from the crest of the dam into

the lake should be removed. The flow from these drains should
be diverted to the downstream slope. All holes or openings
(drain holes, handling holes, etc.) in the slope protection

wall should be adequately covered.
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9. Seepage through the embankment and foundation should be
addressed as necessary on a case-by-case basis by constructing
a slurry cutoff wall or a toe drain in the immediate seepage
area., If the current normal pool level is maintained, as
recommended above, the integrity of the dam is not considered
to be adversely affected by the degree of seepage currently
evident. Nevertheless, the embankment should be regularly
monitored for seepage increases, especially when the pool level
exceeds the normal pool level.

10. Concrete sand should be stockpiled at four or five readily
accessible locations and suitable equipment should be kept

available to help control seepage on an emergency basis.

Following a review of the preliminary submittal of this report, the
ODNR generally concurred with the recommendations given above and
requested that additional work be done to develop in more detail various
recommendations concerning the construction of a new spillway and outlet
channel and the raising of the effective embankment height. Additional
soil borings were thus taken within the lake area at Sellers Point and
preliminary drawings were developed to show more specifically the
improvements recommended. These drawings, soil borings, and additional
description of this work are included in Appendix VI, as well as a more
detailed cost estimate of the proposed work. As noted in Appendix VI
the estimated cost of the proposed work is $5,392,200, including the

costs of improvements to the South Fork Licking River below the proposed



outlet channel and improvements to the existing outlet channel,
Kirkersville feeder canal, and Bloody Run weir. This value is based on
more detailed drawings than the estimate given in the first

recommendation above and is thus considered more accurate,
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BUCKEYE LAKE DAM
SPILLWAY CAPACITY AND EMBANKMENT
STABILITY AND SEEPAGE STUDY

1.0 INTRODUCTION

Buckeye Lake is located in Central Ohio in Licking, Fairfield, and
Perry Counties. 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. Work on the project was reportedly initiated
in 1825 and completed in 1832. The lake is presently used for public
recreation, including swimming, fishing, and boating. The reservoir
outlets into the South Fork Licking River, a tributary of the Muskingum
River.

The lake, the combined spillway and outlet works, and most of the
dam are owned by the State of Ohio and are operated and maintained by
the Ohio Department of Natural Resources, Division of Parks and

Recreation.

2.0 PURPOSE AND SCOPE OF STUDY

The Ohio Department of Natural Resources (ODNR) contracted with
Dodson-Lindblom Associates, Inc. on March 20, 1985, to perform a
comprehensive study of the spillway capacity requirements of Buckeye
Lake and to analyze the structural integrity of the Buckeye Lake Dam.
This investigation was to be conducted in two phases: first, a
preliminary analysis/investigation to assess the situation at Buckeye
Lake and plan a detailed investigation and, second, a more detailed
analysis/investigation subsequent to the review by ODNR of the results

of the preliminary study.



The preliminary analysis/investigation involved: (1) reviewing
background material on the project; (2) making a field investigation to
identify areas where the integrity of the embankment is questionable,
with an evaluation of the seriousness of the identified problem areas
and a proposed plan for any required additional soils investigations;
(3) itemizing proposed procedures for conducting a detailed
investigation of the spillway, outlet works and downstream channel
requirements; and (4) providing a progress schedule for the proposed
detailed investigation. A preliminary report summarizing the work
completed under the first phase of the overall study was submitted to
ODNR on July 31, 1985.

The preliminary report recommended that additional soils
investigations be made on the dam to properly analyze the seepage and
strength characteristics of the embankment. This recommendation was
approved by ODNR, following their review of the preliminary report, and
a supplemental contract was subsequently added to the original contract
for the embankment soils investigation study. Consequently, the second
phase of the overall study included a detailed soils investigation of
the embankment as well as an investigation of the required spillway,
outlet and downstream channel capacities.

The detailed soils investigation included field surveys, soil
borings, laboratory testing and subsequent embankment stability and
seepage analyses. The condition of the upstream slope protection was
also evaluated.

The spillway adequacy analysis consisted of an investigation of
alternate types and locations of a spillway and outlet works system

which could safely pass the Probable Maximum Flood (PMF). The adequacy



of the alternate systems, including the downstream outlet channel, was
evaluated for the 100 year flood, 25% PMF, 50% PMF and full PMF.
This report presents and discusses the results of these detailed

investigations.

3.0 DESCRIPTION OF PROJECT

Buckeye Lake Dam is an earthen embankment approximately 4 miles in
length with a maximum structural height of about 15 feet. Houses are
situated on virtually the entire length of the embankment, with most of
the foundations and/or basements excavated into a portion of the
embankment. A sheet pile or masonry wall extends along the upstream
face of the embankment the entire length of the dam. Photographs 1v
through 6 in Appendix II show typical views of the upstream face and
crest at various locations along the dam.

A combination drop spillway and gated outlet works concrete
structure is located in the northeast portion of the embankment. The
structure consists of ten overflow bays, each 6'8" wide, and five 4'x5'
sluice gates located under the overflow portion of the structure. A
sidewalk spans the spillway, and controls for the gates are accessible
from the sidewalk. Photographs 7 through 10 show various views of the
spillway and outlet works,

The crest of the concrete overflow section is at elevation 890.7,
but 19-inch-high metal flashboards are currently in place, bringing the
normal pool level to elevation 892.25. Because of seepage problems,
however, the normal pool level has been maintained about 6 inches below

the crest of the flashboards for many years by operation of the gates.



The lake has a surface area of approximately 2700 acres at normal
pool elevation 892.25. The lake is fed by several small streams and by
a feeder canal which extends from Kirkersville to the west side of the
lake near Millersport. This canal was constructed to provide additional
inflow to Buckeye Lake and thus additional water supply for the Ohioc and
Erie Canal system. Photograph 11 shows a typical view of the canal. A
diversion channel and gated structure located near Kirkersville were
also originally provided to allow additional diversion of flow from the
South Fork Licking River to Buckeye Lake; this channel and gated
structure are no longer in use. Levees extend along the east side and
portions of the west side of the canal. They were originally
constructed to contain flow in the canal and/or provide suitable channel
capacity. Since the canal intercepts streams originally flowing to the
South Fork Licking River and not Buckeye Lake, discharge over the east
levee during high flow conditions does not enter Buckeye Lake but flows
directly to the South Fork Licking River.

The total drainage area of the lake is 44.1 square miles, including
the 16,7 square mile drainage area of the feeder canal.

Millersport, Fairfield Beach, Buckeye Lake and several smaller
communities are located on the shores of Buckeye Lake, and Lakeside and
portions of the Village of Buckeye Lake are situated below the dam.
Hebron and Newark are also located downstream along the South Fork
Licking River. Based on the size of the lake and the possibility of
loss of 1ife due to failure of the dam, the structure is considered a

Class I structure by ODNR Division of Water standards.



4.0 PAST STUDIES

In March 1939, the U.S. Engineers Office (Corps of Engineers)
inspected the embankment and spillway and noted seepage through the
embankment at that time. A subsequent hydrologic and hydraulic study
also indicated the spillway capacity of the existing spillway was
inadequate. Consequently, the U.S. Engineers Office recommended that
the embankment be strengthened and that the spillway capacity be
increased substantially.

In 1972, several state and Federal agencies formed an Ad Hoc Task
Force to study the spillway requirements of Buckeye Lake and recommend
an operational plan. The agencies involved included the U.S. Soil
Conservation Service and the Ohio Departments of Public Works, Highways,
and Natural Resources, with the Department of Natural Resources being
designated the lead agency.

The Task Force first considered structural measures which could
contain the probable maximum flood (PMF-ODNR Class I design flood)
generally within the existing lake without overtopping the dikes. The
required alternatives estimated at that time proved highly expensive and
were felt to be impractical. Alternative structural measures were then
studied to contain the 507 PMF (ODNR Class II design flood) essentially
within the existing lake. The excess runoff between the Class I and
Class II storms was to be handled by a combination of structural and
non-structural means by which the loss of human life would not be
envisioned.

The major structural alternatives investigated by the Task Force
included:

1. New spillway at existing site with improved outlet channel.



2, New spillway channel under I-70 east of S.R. 79.

3. Diversion channel near Thornport to Jonathan Creek (Moxahala
Creek Basin).

4. New spillway near Sellers Point with new outlet channel to
South Fork Licking River.

5. All the above alternatives assuming various normal pool and

top of dam elevations.

Of these alternatives studied, the Task Force recommended that
either a gated or ungated weir structure be constructed at Sellers Point
or at the site of the existing spillway and the embankment height
increased as necessary. The selection of one of these four alternatives
was to be made on the basis of which would be most acceptable to the
citizens of the Buckeye Lake area.

The dam was inspected again in 1978 by GAI Consultants, Inc. as
part of the National Dam Safety Inspection Program. This inspection
revealed that the overall condition of the facility was poor and that it
was potentially unsafe. ©Potentially serious problems noted at the time
included: (1) a seriously inadequate spillway system; (2) seepage
through the embankment; (3) instability of the shore protection wall;
and (4) holes and low spots on the crest. Because of these conditions,
the GAI report recommended that the state: (1) retain a qualified
engineer to make in-depth studies of specific areas of the dam to
evaluate its structural integrity and to design a spillway system and
downstream improvements to pass the probable maximum flood; (2) develop
an emergency warning and evacuation plan for downstream areas; (3)

locate and investigate holes, low spots and areas of seepage in the dam;



(4) make regular inspections; and (5) install a continuously recording
lake level gage.

Additional analyses in 1980 and 1982 by the Ohio Department of
Natural Resources, Division of Water, confirmed the need for increased
spillway and outlet channel capacity to meet present state design
standards.

An extensive study of the South Fork Licking River watershed has
been made by the U.S. Soil Conservative Service and the South Licking
Watershed Conservancy District in developing a flood control and
recreation project for the watershed. The plan for the project was
originally developed in 1980 but was revised in 1983. The goals of the
project are: (1) to reduce flood water damage to agricultural,
commercial, industrial and residential areas; (2) to reduce erosion and
sediment damage; (3) to improve agricultural water management; (4) to
develop recreation areas; and (5) to improve the appearance of the
natural environment.

The main features of the project in the Buckeye Lake vicinity
include a by-pass channel along the north side of I-70, as shown on
Exhibit 1, to handle flood flows in the South Fork Licking River; the
removal of obstructions in the river from the by-pass channel to the
confluence with Raccoon Creek; and a flood protection dike near Hebron.

Federal approval and funding are currently being sought for the
project; none of the projected flood control measures listed above has

therefore been implemented to date.



5.0 SPILLWAY ADEQUACY STUDY

5.1 Study Procedures

The overall goal of this study was to develop the design inflow
hydrograph (PMF) and route it through the lake and various spillway and
outlet channel alternatives to determine the best system that would
safely pass the design flood. Although a continuous lake level gage has
been in place since October 1979, sufficient data were not available to
develop an actual design unit hydrograph. Thus, in analyzing the
required spillway capacity for Buckeye Lake, one of the major tasks
involved determining the most appropriate synthetic hydrograph method to
use in developing the design inflow hydrograph. Therefore, preliminary
studies were made to estimate which of two common methods best matched
historic flood data.

Following this analysis, an estimate of the peak flows possible in
the feeder canal was required, as excess flow in the canal would overtop
the east levee of the canal and would therefore not enter Buckeye Lake.
Thus backwater analyses were conducted to estimate the peak flows
possible in the canal under existing conditions. The runoff hydrograph
for the feeder canal basin was then adjusted to reflect these peak flows
possible and combined with the runoff hydrographs from the other
subareas to form the composite inflow hydrograph. This hydrograph in
turn was routed through the lake to estimate the required spillway
capacity.

The following paragraphs describe in more detail the analyses

outlined above.



5.1.1 Dam, Spillway, and Reservoir Data. To verify the

inadequacy of the present system and to reconstitute historic floods,
the discharge rating curve for the existing spillway was developed from
field surveyed data. The discharge rating curves for the outlet works
were developed using existing lake drawdown records which indicate the
rate of drawdown for the lake for a specified gate opening.

The reservoir elevation - storage data were estimated from USGS 7%
minute quadrangle topographical maps, as no greater detail mapping was
available. The area and capacity curves used in this study are shown on
Exhibit 2. The existing top of dam profile was surveyed by Dodson-
Lindblom Associates, Inc. and is shown on Exhibit 3. The profile
extends from the west end of the dam near Liebs Island to Crane Lake.
The profile indicates the top elevation of the existing embankment, the
top elevation of the sheet piling or masonry slope protection wall along
the upstream face of the dam and the lake bottom elevation along the
slope protection wall. From this profile it can be seen that the
existing top of dam elevation varies from a low elevation of about 894
to a high elevation of 897, with an average crest elevation of

approximately 895.5.

5.1.2 Determination of Best Synthetic Unit Hydrograph Method.

The Soil Conservation Service (SCS) and Snyders Methods were selected as
the two most viable synthetic hydrograph methods for the Buckeye Lake
watershed. The watershed was divided into several subareas and the
parameters required by the SCS and Snyders Methods were developed for
the various subareas. These parameters are listed in Exhibit 4. The SCS

lag time, which is assumed equivalent to 0.6 tc, the time of



concentration, was estimated from USGS quadrangle maps, and the basic
Snyder parameters, Ct and Cp’ were estimated from values computed for
actual unit hydrographs recorded at neighboring watersheds.,

Since the Snyder Method was originally developed for larger
drainage areas which had well defined channels, this method was not used
for the subareas that had either no channel or no well defined, dominant
channel. Thus, in determining the best means of matching historic data,
a combination of the SCS and Snyders methods was used in one analysis
(Snyders for the larger subareas and SCS for the smaller subareas) and
the SCS method only in another analysis. For both analyses, however,
the runoff was estimated using the SCS runoff curve number method.

Curve numbers for each subarea were determined from USGS quadrangle maps
and SCS soils maps of the area. The subarea curve numbers are also
shown on Exhibit 4.

Using the HEC-1 computer program, these synthetic unit hydrographs
were used to reconstitute several historic floods, including the January
1959, May 1968, June 1981 and May 1983 floods. However, results
obtained in modeling the 1959 and 1968 storms were inconclusive since
lake elevation data prior to October 1979 were taken only once a day.

(A continuous lake level recording gage was added in October 1979).

With limited actual data it was not possible to determine which method
produced the best results for these two storms. Results from modeling
the 1981 and 1983 floods indicated that the SCS and Snyder methods
combined were able to match the recorded lake levels slightly better
than the SCS method alone. These results are shown in Exhibits 5 and 6.
Thus the SCS and Snyders methods were combined as described above and

used in the subsequent development of the PMF design inflow hydrograph.
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5.1.3 Feeder Canal Analysis. Cross-sections of the feeder

canal were field surveyed from the canal confluence with the lake to the
Bloody Run waste weir, located between I-70 and Kirkersville. These
cross—-section locations are shown on Exhibit 1. Using the HEC-2
computer program, backwater curve analyses were then made on the canal
to estimate the peak discharges possible in the canal before overtopping
of the left (east) bank levee would occur. These analyses were made
assuming existing conditions in the canal. The backwater curve computed
assuming optimal discharge at the mouth of the canal is shown on Exhibit
7. As indicated on this exhibit, the peak discharge possible from the

canal to the lake was thus estimated to be about 2000 cfs.

5.1.4 Development of Design Inflow Hydrographs. The probable

maximum precipitation (PMP) for the Buckeye Lake watershed, assuming a
6-hour storm duration, was estimated from Hydrometeorological Report 51
to be 23.6 inches. Using this rainfall amount and the SCS curve number
runoff method, the inflow hydrograph for the probable maximum flood
(PMF) was then determined from the unit hydrographs developed by the
combination of the Snyder and SCS methods discussed previously. In
computing the composite inflow hydrograph, the hydrographs for the
feeder canal subarea were adjusted to reflect the maximum discharges
computed previously that are physically possible in the canal. Excess
discharge was assumed to bypass Buckeye Lake and flow overland to the
South Fork Licking River. The composite PMF inflow hydrograph thus
computed is shown on Exhibit 8.

According to current state standards, the spillway design flood for

a Class I structure is the full PMF. To provide additional flood

11



routing information, however, inflow hydrographs for the 25% PMF and 50%
PMF storm events were also estimated. These hydrographs were estimated
from the full PMF based on a corresponding percentage of the runoff, not
the precipitation. Likewise the 100-year inflow hydrograph was also
estimated and was assumed to be approximately equal to a 12% PMF flood,

based on runoff estimates for the 100-year precipitation.

5.1.5 Analysis of Alternate Spillway and Outlet Systems.

The composite inflow hydrographs were used to analyze various spillway
and outlet systems to determine which were most feasible and/or most
cost effective. The various systems investigated include the following:

1. Open cut saddle spillway near Maple Bay with new outlet channel
to South Fork Licking River.

2., Open cut saddle spillway near Thornport with new outlet channel
to Jonathan Creek (Moxahala Creek Basin).

3. Open cut saddle spillway on Ohio Canal below Millersport with
new outlet channel to a tributary of Big Walnut Creek.

4, Gated weir structure near Sellers Point with new outlet channel
to South Fork Licking River.

5. Ungated weir structure near Sellers Point with new outlet
channel to South Fork Licking River.

6. .Rebuilding or improving existing spillway to use as a principal
spillway.

7. Raising top of dam elevation.

8. Llowering normal pool elevation.

9. Various combinations of the above schemes.

The results of these analyses are discussed in section 5.2.

12



5.1.6 Downstream Channel Capacity. The scope of the detailed

investigation also included an analysis of the adequacy of the
downstream outlet channel to handle the anticipated spillway discharge
for the various design storms. Since some of the alternative spillway
and outlet works systems investigated included rebuilding or improving
the spillway at the existing site, cross-sections were field surveyed
along the entire length of the existing Buckeye Lake outlet channel and
backwater analyses were made of the existing Buckeye Lake outlet channel
to estimate the maximum discharge possible in the channel without
significant flooding occurring. The locations of these sections are
shown on Exhibit 1, and Photograph 12 shows a typical view of the outlet
channel. The results of these analyses, as shown on Exhibit 9, indicate
that the maximum safe discharge in the channel is approximately 1000
cfs.

To properly analyze the capacity requirements for an emergency
spillway outlet channel, it became apparent that backwater analyses
would be required on the South Fork Licking River, since discharges of
the magnitude expected under PMF or even 50% PMF conditions would cause
substantial backwater in the river and would thus affect flood levels in
the outlet channel as well. Thus cross-sections were field surveyed
along the South Fork Licking River from below U.S. Rt. 40 to above
Sellers Point, as also indicated on Exhibit 1. Backwater analyses were
then made along the river for the anticipated discharges, assuming the
spillway was located near either Sellers Point or Maple Bay.

Water surface profiles for various river discharges, assuming the
spillway 1is located near Sellers Point, are shown on Exhibit 10. As can

be seen from this exhibit, the slope of the stream is very flat in this

13



area. Thus backwater effects from the U.S. Rt. 40 bridge extend a
considerable distance and affect the water surface profiles in the
vicinity of the dam and the two spillway outlet locations. As a result,
since this bridge is located downstream from both spillway discharge
entry points, the spillway location does not have a major effect on the
South Fork Licking River flood elevations in the vicinity of Buckeye
Lake Dam for the higher discharges analyzed. This can be seen from
Exhibit 11, which compares the water surface elevation computed for the
river near the town of Buckeye Lake (at cross-section 10) assuming the

two different spillway locations.

5.2 Discussion of Results

From earlier discussions with ODNR personnel, it was evident that
certain limitations existed in developing alternate spillway schemes.
Namely, the top of dam elevatipn could not be increased more than one or
two feet, due to aesthetic and practical proble?s for homes along the
dam and the increased flooding that would result under high pool
conditions along the northern, eastern and southern shores if the dam
height were increased. Also, since the lake is very shallow, the normal
pool level cannot be lowered much without affecting boating in many
portions of the lake,

From preliminary flood routings through the lake it was also
evident that to safely pass the PMF without increasing the height of dam
more than approximately 1 to 2 feet would require a spillway peak
discharge capacity of 20,000 to 30,000 cfs. These general guidelines
were thus used to assess the following spillway schemes in a preliminary

manner.
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5.2.1 Open-Cut Saddle Spillway on Ohio Canal below

Millersport. For this spillway scheme it was assumed that a
1000-foot-long saddle spillway was located about 17,000 feet above the
lake on the Ohio Canal, which would outlet to a tributary of Big Walnut
Creek (see location on Exhibit 1). Assuming the existing conditions in
the canal as a trapezoidal channel with a 15-foot bottom width, 3H:1V
side slopes, a 6-foot normal depth, Mannings '"n" value of 0.06 and a
horizontal bed slope, backwater profiles for various discharges were
generated using the HEC-2 computer program. As shown on Exhibit 12,
under these conditions the maximum discharge would only be about 400-500
cfs, well below the required 20,000-30,000 cfs peak discharge. Even
assuming the canal was cleared and widened to 150 feet would result in a
peak discharge of only about 3000 to 4000 cfs, again well below the
required discharge. Assuming a wider spillway crest would not
significantly affect the discharge capacity, either, since friction
losses in the long channel affect the lake elevation required for a
given discharge much more than the spillway width. This scheme was thus
abandoned as being impractical, based on the low discharge capacity
obtained for the amount of channel excavation required and the possible

legal problems of transferring flow from the South Fork Licking River

watershed to the Big Walnut Creek watershed.

5.2.2 Open-Cut Saddle Spillway near Thornport. As shown on

Exhibit 1, this scheme assumed a spillway crest was located adjacent to
the lake just above Thormport, with an outlet channel to Jonathan Creek,
a tributary of Moxahala Creek. As can be seen from this exhibit,

several bridges would be required over the channel to maintain current
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roads in the area. A profile of the projected spillway and outlet
channel is shown on Exhibit 13, as well as the original ground profile
along the channel centerline, as taken from USGS 7% minute quadrangle
maps.

Various combinations of spillway crest widths and outlet channel
widths were analyzed for this scheme and spillway rating curves were
developed for each of these combinations using backwater curve analyses.
These curves are shown on Exhibit 14. TFor these analyses the Mannings
"n" value in the outlet channel was assumed to be 0.035. Due to the
flat slope of the outlet channel, backwater in the channel for the
channel widths studied would "drown" out the weir and prevent a control
section from developing at the weir crest for the anticipated
discharges. As can be seen from this exhibit, to provide the necessary
peak discharge capacity would require approximately a 1200-foot-wide
spillway crest and a 400-foot-wide trapezoidal outlet channel. This
scheme was thus also abandoned, again due to anticipated high excavation
and construction costs and possible legal problems involved in

transferring flow to a different watershed.

5.2.3 Open-Cut Saddle Spillway at Maple Bay. This spillway

scheme assumed a spillway crest was located at the northwestern corner
of Maple Bay, with an outlet channel to the South Fork Licking River.
The location of the spillway is shown on Exhibit 1, and Photograph 13
shows a general view of Maple Bay in the vicinity of the proposed
spillway crest. This scheme would require bridges over the outlet
channel at I-70 and at a county road. A profile of the projected

spillway and outlet channel is shown on Exhibit 15, as well as the
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original ground profile along the channel centerline, as estimated from
USGS 7% minute quadrangle maps. Spillway rating curves for numerous
crest widths were again developed by assuming a control section at the
spillway crest and using backwater curve analyses through the Maple Bay
approach channel to estimate the lake elevation corresponding to the
control section elevation and associated discharge. For these analyses,
the Maple Bay approach channel was assumed to have a depth of 6 feet at
the normal pool elevation, a 300-foot bottom width, 2H:1V side slopes,
and a Mannings '"n'" value of 0.025. These rating curves are shown on
Exhibit 16.

From these analyses it appeared that this scheme might provide the
necessary spillway discharge capacity without excessive excavation and
construction costs. Thus flood routings for the 100-year, 25% PMF, 50%
PMF and PMF storm events were made using each of the spillway rating
curves developed for the Maple Bay area. The results of these flood
routings are shown on Exhibit 17, where the maximum lake level and peak
discharge attained for each event are plotted against the corresponding
spillway width. Each of these flood routings assumes that the dam is
higher than the maximum lake level obtained and thus no flow occurs over
the dam. Therefore, from these curves an estimate of the required
embankment height for a given spillway width can be made.

Since this spillway would be an open-cut, grassed spillway and
would suffer substantial erosion and maintenance problems if used on a
daily basis, it is recommended that a principal spillway structure be
used to handle the daily flows and to provide a drainage facility. This
would help to ensure the integrity of the grassed spillway. The

existing spillway could be improved or a new spillway constructed at the
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existing site or some other site to serve as the principal spillway.
For these flood routings a new spillway with a 50-foot-wide crest at
either elevation 891.75 or elevation 891.25 was assumed to be located at
the existing site. This assumed spillway would provide discharge
capacity similar to the existing spillway. As indicated by the rating
curve shown on Exhibit 18, discharge from this spillway would not exceed
the maximum safe discharge previously estimated for the outlet channel,
except under exceptiomnally high pool conditions (lake elevation over
895.0). Thus, each flood routing shown on Exhibit 17 assumes that a
principal spillway exists and that the pool level at the onset of each
storm event is at the principal spillway crest elevation. The Maple Bay
spillway crest was assumed at elevation 892.25 for all routings.

From the results of the flood routings shown on Exhibit 17, it can
be seen that the required spillway width varies from approximately 480
to 1660 feet for corresponding maximum lake levels of about elevation
897 and elevation 896, respectively, during passage of the PMF. As also
can be seen from this exhibit, lowering the principal spillway crest
elevation 0.5 foot results in a fairly significant drop in the emergency

spillway width required.

5.2.4 Gated Weir Spillway near Sellers Point. A gated or

ungated weir spillway could be located along the dam at several
locations, including the existing spillway site as proposed in the 1972
Task Force report. However, from preliminary analyses it appeared that
the best overall location would be in the vicinity of the old dry dock
near Sellers Point. This site was thus chosen as a representative

location for a gated or ungated weir structure. This location is shown
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on Exhibit 1, and Photograph 14 gives a view of the area downstream of
the dry dock.

Since the mode of operation of a gated spillway determines to a
great extent the capacity of the spillway, one must first establish an
approximate gate size and operating schedule to properly assess the
spillway capacity. Again knowing the required peak discharge capacity
to be around 20,000 to 30,000 cfs, a total of 2, 4, 6, 8 or 10
forty-foot-wide taintor gates, situated on a concrete weir structure
with a crest at elevation 886, were assumed to be operated under the
schedules shown in Exhibit 19. Spillway rating curves were developed
using these operating schedules, as shown on Exhibit 20,

Using these spillway rating curves, and again assuming a
50-foot-wide principal spillway weir structure with a crest elevation of
891.75, the design storms were routed through the lake and spillways.
The results of these routings are shown on Exhibit 21, which shows the
maximum lake level and corresponding peak discharge attained for each
design storm event for the various spillway widths. These results
indicate that the required spillway width varies from about 120 feet to
280 feet for corresponding maximum lake levels of elevation 897 and

elevation 895.5, respectively, during the PMF storm event.

5.2.5 Ungated Weir Spillway near Sellers Point. As explained

in the previous section, an ungated weir spillway could also be located
at several locations along the dam. Similar to the ungated weir
spillway scheme, though, the area of the dry dock near Sellers Point was

chosen as a representative location for a gated spillway.
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For this scheme, a 50-foot principal spillway, as assumed for the
other schemes, would not be necessary, since the structure would be
concrete and could thus handle the daily flows without erosion or
maintenance problems and without the necessity of daily opening or
closing any gates. Thus, for this scheme the spillway crest was assumed
to be at elevation 891.75 and spillway rating curves for various length
spillways were developed. These rating curves are shown on Exhibit 22.

Using these curves, the design storms were then routed through the
lake and spillway. The results of these routings are shown on Exhibit
23, which indicates the maximum lake level attained and the
corresponding peak discharge for the various spillway crest lengths
assumed. These results indicate that the required spillway crest length
varies from about 340 feet to 1420 feet for corresponding maximum lake
levels of elevation 897 and elevation 895, respectively, during the PMF
storm event.

Since these required crest lengths would necessitate a significant
purchase and subsequent displacement of property along the dam, an
attempt was made to estimate whether or not the spillway crest could
extend into the lake area in a U-shaped configuration, as suggested in
the 1972 Task Force report. Preliminary computations indicate this
could be a viable option which might substantially reduce the amount of

property required and the total cost of the structure,

5.2.6 Downstream Channel Requirements. Based on the

backwater elevations computed for the South Fork Licking River,
backwater profiles were estimated for outlet channels near Sellers Point

and Maple Bay. These analyses indicate that water surface profiles
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along a channel near Sellers Point would be controlled by flooding from
the South Fork Licking River if the channel is wider than the general
width of the river. Therefore to increase the outlet channel capacity
near Sellers Point would also require increasing the capacity of the
South Fork Licking River.

The analysis of the outlet channel size required for a spillway
located near Maple Bay concentrated on estimating the minimum
trapezoidal channel bottom width required for a given discharge that
would not result in backwater drowning out the control section at the
welr crest. Assuming 2H:1V side slopes and a Mannings ''m" of 0.035 in
the channel, it was estimated that the required channel bottom width
varies from 50 feet for a peak discharge of 10,000 cfs to 125 feet for a
peak discharge of 30,000 cfs.

From the backwater analyses of the South Fork Licking River it is
obvious that significant flooding would occur in the vicinity of the dam
under the spillway discharges anticipated for the PMF as well as for the
lesser storm events. From Exhibits 10 and 11 the approximate peak water
surface elevations near the dam for various spillway widths and
corresponding peak discharges for the various spillway systems can be
estimated. However, to properly estimate the water surface elevations
in the South Fork Licking River, the total discharge must include the
spillway discharge plus the base flow in the river, which includes the
portion of flow in the feeder canal that was assumed to overtop the
levee and thus bypass Buckeye Lake. From analyses of the diverted
hydrographs, it is estimated that the base flow in the river from the
feeder canal excess flow alone would be approximately 10,000 cfs for the

PMF event, 5000 cfs for the 50% PMF event, 2500 cfs for the 25% PMF
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event, and 1200 cfs for the 100 year event. Thus approximately 10,000
cfs should be added to the PMF discharges shown on the various flood
routing exhibits to estimate the maximum water surface elevation near
the dam for the various spillway systems studied. (Please note,
however, that this estimated base flow of 10,000 cfs does not include
flow entering the South Fork Licking River upstream of the Buckeye Lake
watershed. For the purposes of this analysis, this additional flow was
not estimated and therefore not taken into consideration). The peak
discharge in the South Fork Licking River under PMF conditions would
therefore vary from approximately 25,000 to 45,000 cfs, depending on the
spillway system and spillway width assumed. The corresponding peak
flood elevations along the downstream face of the dam would thus vary
from approximately elevation 890 to elevation 895, as estimated from

Exhibit 10.

5.2.7 Comparison of Various Spillway Systems. From the

previous discussion, it is apparent that only three of the possible
spillway systems are viable options. These are: an open-cut saddle
spillway near Maple Bay or a gated or ungated weir spillway near Sellers
Point. As discussed previously, the gated or ungated spillway structure
could actually be located along the dam at several other locations other
than near Sellers Point. However, from preliminary analyses it appeared
that Sellers Point would likely be the best overall location and was
thus chosen as a representative location for the gated or ungated weir
structure. The cost of a weir structure at other locations along the
dam would likely be similar to those estimated herein for a structure at

Sellers Point,.
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The possibility also exists of placing a gated or ungated concrete
weir spillway at the Maple Bay location, but this would add to the total
costs substantially, The hydraulics of these spillways would be
slightly less efficient, due to energy losses of flow through the Maple
Bay area, but they would be somewhat equivalent to those computed for a
similar spillway at Sellers Point.

Using the assumptions listed in previous sections, Table 1
summarizes some of the results discussed previously. The table
indicates the required spillway width for a given spillway system, with
the resulting peak discharge, for a specific maximum lake level attained
during passage of the PMF,

Although the data shown in the exhibits and in Table 1 were
computed assuming specific crest elevations for the principal and
emergency spillways, as discussed previously, these data can be readily
adjusted for the uncontrolled spillway systems to provide estimated
maximum lake levels assuming other spillway crest elevations. (The
resulting maximum lake levels for the gated spillway system are
dependent on the gate operating schedule as well, and not just on the
height of the spillway crest.) For example, if the crest of a saddle
spillway near Maple Bay was raised to elevation 892.75 and the principal
crest raised to elevation 892.25, an increase of 0.5 foot over one of
the assumed conditions, the resulting maximum lake level during passage
of the PMF would be about elevation 896.5 for a 1660-foot-wide spillway
crest, instead of elevation 896 as shown in the table. Also, if the
crest of an ungated weir spillway near Sellers Point, or some other

location along the dam, were lowered to elevation 891.25, a decrease of
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0.5 foot, the required spillway width for a maximum lake level of

elevation 896.0 would be 460 feet, not 650 feet as shown in the table.

5.2.7.1 Estimated Costs. Using the types of data

adjustments discussed in the previous paragraph, different spillway
widths and different spillway crest elevations were assumed for each
viable spillway system and the total construction costs were estimated
for each situation. The major unit construction costs assumed for each
system are shown on Exhibit 24 and a summary of the total costs is shown
on Table 2. 1In light of the flood control project plans developed by
the SCS for the South Fork Licking River, as discussed in Section 4, as
well as the results of the backwater analyses conducted herein, it is
anticipated that widening of the South Fork Licking River will be
required in vicinity of the dam, if the spillway is located near Sellers
Point or some other lgcation along the dam. Thus the total costs shown
in Table 2 include an estimated cost of widening the river by
approximately 50 to 75 percent.

The data shown in Table 2 are grouped together based on the maximum
lake level attained during passage of the PMF. Spillway widths and
crest elevations and associated estimated costs required for each of the
viable spillway options are shown for maximum lake levels ranging from
elevation 895.0 to elevation 896.5. These elevation limits were chosen
for practical reasons: for maximum lake levels under elevation 895 the
required spillway widths and consequent costs are excessive, and for
maximum lake levels greater than 896.5 the increase in crest height
required would likely be excessively disruptive to property owners along

the dam. TFor a maximum lake level at elevation 895.0, only a minimal
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amount of work and subsequent disruption to property owners along the
dam would be required to bring the entire crest to at least this
elevation. However, maximum lake levels greater than elevation 896.5
would require increases in the crest height by two or more feet in some
areas.

As noted in Section 5.25, an ungated weir structure could possibly
be constructed in a U-shaped configuration which might reduce the amount
of property required and the overall cost of the structure. Therefore,
the estimated costs for an ungated weir structure assume the spillway
would be constructed as such.

Although the cost estimates shown in Table 2 are very approximate,
they can be used to indicate various trends in the overall cost of the
spillway systems. One trend is that, in general, the lower the desired
maximum lake level the higher the total estimated costs are. This is
because the increased spillway widths required for lower maximum lake
levels are substantially more expensive than the estimated costs for
increasing the embankment height by either adding additional earth fill
or constructing a concrete parapet wall along the crest.

Second, the options associated with an open-cut saddle spillway at
Maple Bay are more limited than those for the other systems.
Excessively wide spillway crests would be required to provide a maximum
lake level lower than elevation 896, if the current normal pool level
(elev., 891.75) is maintained. A maximim lake level less than 896.0
would be possible if the normal pool level and emergency spillway crest
were lowered accordingly (i.e. if the spillway crests were lowered 0.5
foot, the maximum lake level would be lowered about 0.5 foot for a

similar width spillway).
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Third, a gated weir spillway near Sellers Point generally appears
to be the most economical system for comparable normal pool and maximum
lake level elevations. However, the required spillway width for this
system, and subsequent costs, are generally dependent on the gate
operating schedule assumed. If a gate operating schedule different from

that assumed herein is used, these results could change significantly.

5.2.7.2 Advantages/Disadvantages of Various Spillway

Systems. As another means of evaluating the various spillway systems
studied, several relative advantages and disadvantages of each system

are summarized below.

5.2.7.2.1 Open-cut Saddle at Maple Bay.

Advantages 1. Earth spillway requires little routine or costly
maintenance.

2. No houses displaced for construction of spillway.

3. Discharge from spillway will not significantly
affect flooding near community of Buckeye Lake for
lesser floods.

Disadvantages 1. Erosion in outlet channel may occur during major
floods, requiring some repairs.

2. I-70 and county road traffic disrupted during
construction of bridges.

3. Farming practices disrupted and some farmland taken.

4. Maintenance and repairs required for bridges.

5. 1If current normal pool level is maintained, maximum

pool level will be elev. 896.0 or greater.
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5.2.7.2.2 Ungated weir near Sellers Point,.

Advantages 1. Maintenance costs less than for gated weir.
2. No additional principal spillway structure required.
Therefore, no need to maintain two structures.
3. No disruption of I-70 traffic.
Disadvantages 1. Some houses required to be displaced.
2. Discharge may add to flooding problems near
community of Buckeye Lake.
3. Traffic disrupted near dam.
4, Pedestrian traffic along dam crest disrupted unless
bridge over spillway provided.
5. Maintenance and repairs required for bridge.
6. Channel improvements required for South Fork Licking

River.

5.2.7.2.3 Gated weir near Sellers Point.

Advantages 1. No disruption of I-70 traffic.

2, Principal spillway structure could be part of gated
structure. Therefore, no need to maintain two
structures,

Disadvantages 1. Operation and maintenance costs high.

2. Skilled operator and maintenance workers required.

3. Some houses required to be displaced.

4. Discharge may add to flooding problems near
community of Buckeye Lake.

5. Traffic disrupted near dam.

6. Maintenance and repairs required for bridge.
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7. Channel improvements required for South Fork Licking

River.

5.3 Conclusions and Recommendations

From analyses discussed herein, it is apparent that only three
spillway systems are viable options for Buckeye Lake. These are: an
open—-cut saddle spillway situated north of Maple Bay and outletting to
the South Fork Licking River via a new outlet channel that would pass
under I-70; or a gated or ungated weir spillway located near Sellers
Point or some other location along the dam.

In light of the various advantages and disadvantages of each
spillway system discussed in the previous section, it is recommended
that a U-shaped, concrete gravity ungated weir spillway be constructed
near Sellers Point, in the vicinity of the old dry dock. As discussed
previously, this spillway system would not require skilled operators or
maintenance workers, and the overall maintenance required would be less
than that for a gated weir structure. Although the traffic near the dam
would be disrupted, it could easily be rerouted during construction. No
disruption of I-70 traffic would be required, as would be the case for a
spillway located near Maple Bay. Also, no additional principal or
service spillway would be necessary, as the service and emergency
spillways would be combined in one structure. Thus there would be no
need to maintain two larger structures.

Since a principal spillway structure would no longer be required,
it is also recommended that the current spillway structure be removed or
incorporated within a new segment of earthfill embankment in that area.

However, to continue to provide drainage and fresh water augmentation to
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the current outlet channel, some type of gated outlet should be provided
at this site.

Also, since discharge from Buckeye Lake would enter the South Fork
Licking River near the area where current flooding problems exist,
channel improvements should be made to the South Fork Licking River
below the proposed lake outlet channel. These improvements should be
coordinated with the overall basin flood control project proposed by the
SCS and the South Licking River Watershed Conservancy District, which
was discussed in Section 4. Without this type of coordination, the
proposed spillway improvements at Buckeye Lake may adversely affect or
negate some of the proposals of the basin flood control project.

As shown in Table 2, Case 23, the estimated cost of this spillwéy,
outlet channel, bridge and the associated improvements to the embankment
and the South Fork Licking River is approximately $4,655,000.

These recommendations are also discussed in Section 7, as well as
additional recommendations based on the results of the embankment
stability and seepage study, which is discussed in the following

section.

6.0 EMBANKMENT STABILITY AND SEEPAGE STUDY

6.1 Study Procedures

The purpose of the embankment stability and seepage study was to
determine the various soil profile components of the dam embankment and
underlying foundation soils, together with the strength and other
engineering characteristics of these soils, and to evaluate these data
with respect to the general stability of the embankment and seepage

patterns through the dam.
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6.1.1 Soil Boring and Sampling Program. The soil borings

were made by means of a truck mounted rotary type drill rig and were
performed between January 9, 1986, and January 16, 1986.

The initial intent of the soil boring program was to procure three
borings at each of four areas reported by Mr. Ken Vesselen, the park
manager, to have experienced significant seepage under higher pool
conditions. The general locations of these seepage areas, indicated as
Sections 1, 2, 3, and 4, are shown on Exhibit 1. Borings were
originally planned to be taken at the top of the upstream slope, at the
top of the downstream slope, and at the toe of the downstream slope.
However, because of various obstructions along the dam and also due to
the fact that right of entry on to private property could not be
obtained in several instances, the boring program had to be modified
somewhat.

At Section 1, access to the boring locations was not possible and
thus no borings were procured at this section, At Section 2, only two
borings were procured as access to one of the borings at the top of the
dam was not available. At Section 3, permission to drill on the
property where the seepage was reported could not be obtained. Only one
boring at the top of the upstream slope could be drilled near this
property so three additional borings were drilled along the fire lane
about 100 feet west. At Section 4, three borings were procured along
one section and a additional boring was procured at the top of the dam
about 50 feet west, in the area referred to as Black Diamond Point. The
relative locations of all the borings are shown on Exhibits 25, 26 and

27.
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Observation wells were set in all of the bore holes at completion
of drilling. The observation wells consisted of one-inch hand-slotted
schedule 20 PVC pipe backfilled with pea gravel.

Split spoon sampling was performed continuously in 1.5 foot
increments for the total depth of the boring. Standard penetration data
were developed and one or more representative samples were preserved
from each sampling increment. Ten thin wall "undisturbed" samples were
obtained of representative samples of both the dam embankment and
foundation soils for shear strength testing by hydraulically pressing

3.0-inch outside diameter thin wall tubes.

6.1.2 Laboratory Testing Program., All samples were examined

and visually classified by a soils engineer in the laboratory. Moisture
contents of all fine-grained soil samples were determined. A limited
number of samples were considered representative of the materials
encountered and were selected for performance of general engineering
index tests (grain size analysis and plasticity characteristics).

Seven "undisturbed" press samples were selected to determine the
shear strength of the dam embankment and foundation soils by means of
triaxial testing (consolidated - undrained, with pore water pressure
measurements). The results of the shear strength testing are presented

in Appendix III.

6.2 Investigational Findings

Historical records report that the dam embankment was constructed
as a homogenous earthfill structure, with mule-drawn wagons being used

to transport fill material for the dam. The embankment reportedly
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failed in 1832, shortly after the lake was filled, in the vicinity of
the "Black Diamond" wreck site and was repaired with ten thousand wagon
loads of coarse stome.

Internal drainage was not provided in the embankment, probably
because concepts of phreatic surface or seepage through soils were not
well understood at that time. A cutoff trench was not constructed
either beneath the embankment through the underlying organic and
lacustrine deposits as a positive seepage barrier.

A masonry stone wall was placed directly against the earthfill
embankment for slope protection on the upstream side of the dam.
Because of deterioration to the store masonry wall, a sheet pile wall
was later added in front of the stone masonry wall over most of the
length of the dam for shoreline protection and to restrict seepage
through the embankment.

Generalized geologic bulletins report the dam site to lie on a
post-glacial swamp. The underlying soils consist of lacustrine type
deposits, silt and clay commonly laminated and interbedded with sand,
and sand and gravel layers. These deposits in turn overlie glacial
till. Bedrock underlying the site is reported at depths in excess of
100 feet and to be of the Mississippian age, Waverly or Maxville Group,

sandstones, limestones, and shales.

6.2.1 Section 2 (Boring Nos. 7 and 8). Two borings were

taken at this section, one at the top of the dam between the old masonry
wall and the sidewalk, and one at the toe of the downstream slope. In
this area a relatively new sheet pile wall has been constructed in front

of the old stone masonry wall.
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6.2.1.1 Generalized Soil Profile at Section 2. Dan

embankment fill was encountered to a depth of 9.6 feet. The fill was
comprised primarily of fine grained silt and clay mixtures with varying
percentages of sand and gravel and was organically contaminated in the
upper four feet. The borings disclosed the embankment fill to be fairly
well compacted and to be of a stiff consistency.

The foundation soils immediately underlying the embankment fill are
comprised primarily of organically contaminated silts and clays. The
thickness of this layer was about 2.0 feet. The consistency of these
deposits was medium stiff,

Lacustrine type deposits, generally laminated, were encountered
underlying the organically contaminated silty élay and silt layer. The
consistency of these deposits was generally medium stiff to stiff,
Several wet, fine sand and/or silt streaks and seams were encountered
within these deposits.

Glacial till deposits were encountered at a depth of 18.3 feet in
Boring No. 8, which is located at the top of the dam. These deposits
were indicated to be damp and very stiff. Boring No. 7, located at the
toe of the slope, did not penetrate deeply enough to encounter these

deposits.,

6.2.1.2 Groundwater Conditions at Section 2. Water

seepage was encountered in the borings at various depths, but it was
found generally in the underlying soils below the embankment fill., A
trace of water seepage was encountered in the embankment fill at Boring

No. 8.
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The water levels were measured in the observation wells after the
water levels had stabilized. The water level measured in the
observation wells was 4 to 5 feet below the pool level, at the time of
the readings, indicating some loss of hydraulic head through the sheet
pile wall and embankment. The level of the water in the observation
wells generally coincided with the level of the top of the underlying
foundation soils, suggesting that most of the seepage is occurring
through the foundation soils in this area and not through the
embankment.

A site plan showing the locations of the borings and a generalized
soil section are shown on Exhibit 25 in Appendix I. Logs of the borings

are presented in Appendix III.

6.2.2 Section 3 (Boring Nos. 1, 2, 2A, and 3). Based on

discussions with the property owners in the area of Section 3 and from
observations made at the site at the time of drilling, it appears that a
sheet pile wall was recently installed approximately 10 to 13 feet in
front of the old masonry wall, and 3 to 4 feet in front of an older
deteriorated sheet pile wall from Station 103 + 50 and eastward. 1In
this area it is understood that the old masonry wall was broken down and
the material from this wall placed between the old masonry wall and the
sheet pile walls. Boring Nos. 2 and 2A were located in this area

between the old masonry wall and the sheet pile walls,

6.2.2.1 Generalized Soil Profile at Section 3. Dam

embankment fill was encountered to a depth of 9.1 to 10.8 feet in the

borings located on top of the dam. Fill was encountered to a depth of
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7.0 feet in Boring No. 1, which is located on the downstream slope in
the fire lane. The borings indicated the embankment fill was comprised
primarily of fine grained, silt and clay mixtures, with varying
percentages of sand and gravel, and was partially organically
contaminated. The fill encountered in Boring Nos. 2 and 2A, located
between the old masonry retaining wall and the new sheet pile wall, was
soft to medium stiff, indicating the fill was probably loosely placed
and not adequately compacted. The fill encountered in Boring No. 3,
located in the original embankment, was stiff to very stiff. Sand
streaks or seams were encountered near the bottom of the embankment fill
in all three of the borings taken through the embankment. 1In both
Boring Nos. 2 and 2A, refusal was encountered at a depth of 8.5 to 9.0
feet, on what is probably concrete or stonme from the old masonry wall.

The foundation soils immediately underlying the embankment fill are
comprised primarily of organically contaminated silts and clays. The
thickness of this zone ranges from 1 to 3 feet. These deposits are
indicated to be of a medium stiff to stiff consistency and to be moist
to wet.

Silty clay and silt lacustrine type deposits, generally laminated,
were encountered underlying this organically contaminated layer. The
consistency of these deposits was generally medium stiff. Wet fine sand
streaks and seams were also encountered within these deposits in two of
the borings.

6.2.2.2 Groundwater Conditions at Section 3. Water

seepage was encountered at various depths in all of the borings, but the
seepage was generally encountered at or below the interface between the

embankment fill and underlying soils. One exception to this was Boring

39



No. 2A, located in an area of reported severe seepage under higher pool
conditions, in which water seepage was encountered in the fine sand
streaks and seams in the embankment fill.

The water levels were measured in the observation wells after the
water levels had stabilized. The water level in Boring No. 2, located
at the top of the upstream slope, was measured at 3% feet below the
water level in the pool. The water level in Boring No. 3 and Boring No.
1, located at the top and toe of the downstream slope, respectively, was
measured at 5 to 6 feet below the pool level. These measurements
indicate that there is some loss of hydraulic head through the sheet
pile wall and further loss in head through the earthfill dam embankment.

At Boring No. 2A, there was only a one foot difference in the water
level measured at the boring from that in the pool. This would indicate
that seepage is probably occurring through the embankment in the sand
seam encountered at a depth of 6.5 to 6.8 feet. B

A site plan showing the locations of the borings and a generalized
soil section are also shown on Exhibit 26 in Appendix I. Logs of the

borings are presented in Appendix III.

6.2.3 Section 4 (Boring Nos. 4, 4A, 5, and 6). This section

is located in the area of the dam which is referred to as "Black Diamond
Point"., Because of access problems, only one boring (Boring No. 4A) was
procured at the top of the embankment in the immediate area of reported
severe seepage during higher pool conditions. Three borings (Boring

Nos. 4, 5, and 6) were thus also -taken along a section approximately 50

feet to the east of Boring No. 4A.
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A relatively new sheet pile wall has been comstructed in this area

in front of the old stone masonry wall.

6.2.3.1 Generalized Soil Profile at Section 4.

Embankment fill was encountered to a depth of 9.0 to 10.0 feet in the
borings located on top of the dam. The borings indicated the embankment
fi1l was comprised primarily of fine grained, silt and clay mixtures,
with varying percentages of sand and gravel and for the most part
organically contaminated. The borings disclosed the fill to be fairly
well compacted and to be of a stiff consistency. Sandstone fragments
and concrete, probably from the old masonry wall, were encountered at a
depth of 5.3 feet to 6.2 feet in Boring No. 4A. No sand streaks or
seams were encountered in any of the borings.

The foundation soils immediately underlying the embankment fill are
comprised primarily of organically contaminated silts and clays. The
thickness of this layer ranges from 1 to 5 feet. These deposits are
indicated to be moist and of a medium stiff to stiff consistency.

Silty clay and silt lacustrine-type deposits, generally laminated,
were encountered underlying the organically contaminated layer. The
consistency of these deposits ranged from soft to stiff. Wet fine sand

and/or silt seams were also encountered within these deposits.

6.2.3.2 Groundwater Conditions at Section 4. Water

seepage was encountered in all of the borings at various depths. With
the exception of Boring No. 4A, the water seepage was encountered in the
foundation soils below the embankment fill. The water seepage in Boring

No. 4A was encountered at a depth of 6.2 feet.
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The water levels were measured in the observation wells after the
water levels had stabilized. The water level in Boring No. 4, located
at the top of the upstream slope, was measured at 3% feet below the
water level in the pool at the time of the readings. The water level in
Boring Nos. 5 and 6 were 5 to 7 feet below the pool level. These
measurements indicate that there is some loss of hydraulic head through
the sheet pile wall and embankment,

At Boring No. 4A, located at '"Black Diamond Point", the water level
in the well was the same as the pool level. This would appear to
indicate that seepage is occurring through the dam at that location,
although there were no noticeable "wet'" areas on the downstream side of
the embankment.

A site plan showing the locations of the borings and a generalized
soil section are shown on Exhibit 27 in Appendix I. Logs of the borings

are presented in Appendix III.

6.3 Discussion of Results

6.3.1 Stability Analysis. Because of the manner in which

Buckeye Lake Dam was constructed and because of the subsequent
development of the houses along the downstream slope of the embankment,
no "typical" cross section of the dam exists. The height, width, and
downstream slope of the dam varies along the length of the dam, and the
extent to which the various property owners have cut into the downstream
slope of the dam, in order to construct the residences or other
structures, varies from house to house.

However, for purposes of a stability analysis, three sections in

the areas of reported seepage were analyzed and assumed to be fairly
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representative of the most critical conditions from a stability
standpoint. It should be noted, though, that more severe conditions may
or may not exist elsewhere along the dam. However, it was not
considered to be either practically or economically feasible to
investigate the entire length of the dam.
The stability of the embankment was analyzed using the STABL?2
computer program developed by Purdue University for general slope
stability problems. Factors of safety were computed at the three
sections assuming the following conditions:
1. Normal summer pool at elevation 892,00, under steady
seepage conditions.,

2., Maximum pool, assuming the pool elevation to be at the
approximate top of the existing dam, elevation 895+, and
under steady seepage conditions.

3. Maximum pool at elevation 897#, under steady seepage conditions
and with the tailwater at elevation 890%.
This condition has been analyzed as one of the measures
discussed previously in Section 5.0 for handling the
PMF, and involves raising the height of the dam to elevation
897+ for increased temporary pool storage.

Conditions 2 and 3 have been analyzed assuming steady seepage
conditions. This is a conservative assumption, however, as the pool
levels assumed for these conditions would occur only during storm events
and the maximum pool would only be -maintained for a short period of
time, say less than 24 hours. Therefore, steady seepage conditions

under these higher pool levels would not likely have time to fully
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develop and the phreatic surface through the dam would more closely
approximate that for normal pool conditionms.

Table 3 shows the soil parameters used in the stability analysis,
and Table 4 presents the factors of safety computed for the various

assumed conditions.

6.3.2 Seepage. During the course of this investigation, no
significant seepage was noted. This is possibly due to the fact that
the pool level was at or below the normal pool level when the embankment
was investigated.

In those areas of reported significant seepage under higher pool
conditions, the condition of the dam and upstream slope protection was
inspected for any holes, deteriorated sheet piling, and large trees or
structures that may have contributed to the seepage and that may have an
effect on the integrity of the embankment. With the possible exception
of root holes from existing trees, or from the past removal of trees,
there was no visible evidence of other contributing factors to the
reported seepage. It is understood that the deteriorated sheet pile
wall with large tie-back-holes which was previously reported as a
potential source of the seepage has either been replaced or repaired.

At several locations, however, the handling holes at the tops of some of
the olde; sheet pile walls were not covered, allowing some minor erosion
to occur at the back of the walls due to wave action.

The data developed from the borings and observation wells generally
indicate that the majority of the seepage is occurring through the
foundation soils and not through the embankment, and that there is some

hydraulic head loss through the sheet pile wall and embankment under
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Table 3 - Soil Parameters used in Stability Analysis

Section 2 Section 3

Section 4

Soil Parameters Embank- Founda- Embank- Founda- Embank- Founda-
ment tion ment tion ment tion

Saturated unit

weight (pcf) 125 125 125 125 125 125

Effective angle

of internal

friction (0) 33 30 25 30 25 30

Effective cohesion

(psf) 0 0 300 0 300 0

Table 4 - Computed Factors of Safety

Condition Section 2 Section 3
1. Normal summer
pool at eleva-
tion 892.0,
under steady
seepage condi-
tions. 1.35 1.82
2., Maximum pool,
assuming pool
elevation to be
at the approxi-
mate top of ex-
isting dam,
elevation 895%.
Steady seepage
with no
tailwater. 1.03 1.68
3. Dam height in-
creased to ele-
vation 897% to
handle PMF with
tailwater at
elevation 890%,
Steady seepage
conditions
assumed.

1.10 1.60

Section 4

1.79

1.57

1.29
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lower pool conditions. All water level readings made in the monitoring
wells to date have been for conditions lower than normal summer pool
conditions. Additional water level readings will be taken once the
level of the lake is at summer pool elevation 892.0%*. The water level
readings taken to date in the observation wells are listed in Exhibit
28, and cross-sections showing the relative location of the water level
readings are given in Exhibit 29.

The water level readings in the two observation wells set in the
supplemental Boring Nos. 2A and 4A, located as close as possible to the
areas of reported significant seepage, indicated little hydraulic head
loss in these areas. These borings also encountered permeable seams
within the embankment.

Due to the fact that the dam was constructed without any internal
drainage or cutoff under the dam for seepage control, it is inevitable
that some seepage will occur at the downstream toe of the dam during
higher pool levels. The present sheet pile wall installed along most of
the dam is considered to act as a partial cutoff and it is understood
that this wall has greatly reduced seepage through the dam.

Based on the data developed from this investigation and from
discussions with various homeowners and Mr. Ken Vesselen, the park
manager, this seepage at the downstream toe of the dam is minimal when
the summer pool is kept at elevation 891.75. However, when the pool
elevation is raised by only six inches to the top of the spillway
flashboards, this seepage becomes more significant at certain locations.
These locations were studied in this investigation.

Boring No. 2A at Section 3 and Boring No. 4A at Section 4

encountered streaks or seams of more permeable fine sand or other
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seepage paths within the embankment fill which, most likely, contribute
to the seepage through the dam observed in these locations. Although
the sheet pile wall may help retard the seepage through the dam, it is
not considered to be an impermeable barrier for complete cut off of
seepage.

Seepage through the dam under normal summer pool conditions,
elevation 892+, is not considered to be severe enough to affect the
integrity of the dam, although it apparently is a nuilsance to several
homeowners. Raising the pool level much higher than elevation 892+ for
an extended period of time, such as to elevation 895%, will, however,
present more severe seepage problems for the following reasons:

1. Within the upper 2 to 3 feet of the top of the dam, homeowners

have installed various tile drains, electrical conduits, patio
and boat dock foundations, etc. (See photographs 1 through 6).
All of these, together with the various trees planted on the
top of the dam, will provide various conduits for the water to
seep through the dam.

2. TIf the pool is maintained at this higher elevation and steady
seepage conditions do occur, the theoretical phreatic surface
is indicated to intersect the downstream slope some distance up
from the toe of the slope., As there is no internal drainage
for seepage control, these high pore pressures could eventually
lead to some shallow embankment failures at the downstream
slope and possibly piping through the dam, which could

possibly cause the dam to fail,
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6.4 Conclusions and Recommendations

6.4.,1 Stability of the Embankment. Based on the results of

the stability analysis, the embankment is considered to be stable under
normal summer pool conditions (elevation 892*). The factors of safety
obtained from the stability analysis performed on the downstream slope
for normal summer pool conditions range from 1.35 to 1.82.

If maximum pool conditions (elevation 895% or 897+) are maintained
for only a short period of time, say 24 hours or less, the dam
embankment is still considered to be stable. However, if the pool is
maintained at these higher elevations for an extended period of time and
steady seepage conditions develop, the dam embankment in certain areas
is considered to be only marginally stable. The factors of safety ‘
obtained from the stability analysis performed on the downstream slope
for the maximum pool under such steady seepage conditions ranged from
1.03 to 1.68.

The stability analysis does not take into account the effect of the
basement walls of houses cut into the downstream slope of the dam.
These walls are considered to act as retaining walls and, if it can be
assumed that these basement walls are presently structurally sound and
have proper drainage back of the walls to prevent a buildup of
hydrostatic pressure, failure of these walls is not anticipated.

Because of the many and varied factors that may contribute to the
stability or instability of the embankment, a simple stability analysis
incorporating all these factors 1s not possible. However, based on the
results of the stability analysis and other visual observations made at

the dam, the overall embankment is considered to be stable under normal
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pool conditions and should remain stable if the level of the pool is
raised temporarily to elevation 895 to 897 to pass the PMF.

No stability analysis was performed on the upstream side of the
dam. In the areas where the sheet pile wall has been added, it was
assuéed that the wall has been designed to ensure stability. However,
several home owners have installed structures along the top of the dam
that cantilever out over the sheet pile wall, such as boat docks, boat
hoists, etc. (See Photographs 1 through 6). Unless the sheet pile wall
has been designed to withstand these additional forces, failure of the
wall may occur. In those areas where no sheet piling has been added in
front of the stone masonry wall, wave action has undermined and eroded
the soil immediately behind the wall in several areas.

It is thus recommended that a sheet pile wall be constructed in
front of the old stone masonry wall along the remainder of the dam that
does not already have a sheet pile wall. It is understood that the old
stone masonry wall requires constant maintenance. A permanent sheet
pile wall would eliminate this maintenance, provide erosion protection,
and act as a partial cutoff of seepage through the dam. If the height

of the dam is raised, the top of the new sheet pile wall should be set

at the new top of the dam elevation.

- 6.4.2 Seepage. Although the dam embankment may be considered
as being fairly homogenous, several streaks or seams of sand and the
remains of an old masonry wall were encountered by some of the borings.
The dam was not constructed with any internal drainage system and,
though the present sheet pile wall may act as a partial cutoff, no

cutoff trench was constructed under the dam. Seepage at the downstream
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slope is therefore considered to be inevitable under higher pool
conditions. This seepage condition has been alleviated somewhat by the
sheet pile wall and by the fact that many of the homeowners have
installed drain tile around their basements and in their yards at the
downstream slope to intercept and drain off the seepage.

If the lake level is maintained at the present summer pool level
(elevation 892%), seepage through the dam is not considered to adversely
affect the integrity of the dam, although it is understood that a few of
the homeowners do still experience some seepage on their property at the
downstream toe of the dam. If it is considered necessary to alleviate
the seepage in these areas, consideration should be given to either the
construction of a cutoff wall, such as a bentonite slurry wall, through
the embankment and some distance into the underlying foundation soils,
or to the placement of a toe drain at the toe of the downstream slope of
the embankment to intercept the seepage. The seepage could then be
pumped back into the lake or drained away from the embankment by means
of a collector drain. Because of all the construction by the homeowners
both at the top and the toe of the dam, neither of these proposed
remedies will be easily achieved.

If the normal pool level is raised much above elevation 892.0%,
seepage through the dam may be significant and may possibly affect the
integrity of the dam. Thus, if the normal pool level is raised,
precautions should be taken to control the seepage either on an
emergency basis and/or by installing a more permanent cutoff along the
top of the dam to intercept and prevent the flow of water through the

various seepage paths (tile drains, root holes, electrical
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installations, etc.). However, it is recommended that the normal pool
level be maintained at the current normal pool level, elevation 892%,

Even if the current normal pool level is maintained, it is
recommended that all drain pipes located on top of the dam presently
being used to drain water from the crest of the dam into the lake be
removed. These drain pipes are generally 3 to 4 feet below the existing
crest of the dam and outlet through the sheet pile wall into the lake.
If a parapet wall is added along the dam and the pool level raises to
above the top of the existing dam during passage of a major flood, such
as the PMF, water will flow through these drains and outlet at the top
of the dam. Any tile drainage from the top of the dam presently
draining into the lake should thus be diverted to flow towards the
downstream slope.

Regardless of the normal pool level maintained, it is also
recommended that concrete sand be stockpiled at four or five readily
accessible locations and suitable equipment be available to handle the
sand for control of seepage on an emergency basis. The embankment
should be systematically monitored for seepage increases at all times,
especially at times when the pool level rises above the normal summer
pool level during passage of significant floods.

Removal of all trees from the crest of the dam, although generally
considered to be sound engineering practice, is not necessarily
recommended at Buckeye Lake. Because of the large size of many of the
trees and depth of the root systems, removal of all the trees and repair
of the large holes caused by this tree removal would possibly cause more
problems than if the trees were left in place. It is recommended that

only the smaller trees be removed and that any seepage problems, such as
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seepage through the decayed root system, should be acted on an
individual basis if and when they occur. The major danger in not
removing the larger trees is the potential for significant structural
damage to the dam should one of the larger trees be uprooted during a
storm, leaving a ‘large hole in the dam. If this should occur, it is
proposed that the dam be repaired on an emergency basis by filling the
hole with concrete sand. It is also recommended that the state prohibit

the planting of any additional trees on the dam.

7.0 GENERAL CONCLUSIONS AND RECOMMENDATIONS

From the spillway capacity study it is apparent that the existing
spillway structure is inadequate and that only the following three
spillway systems are viable options for increasing the spillway capacity
at Buckeye Lake to meet current state desigh standards: an open-cut
saddle spillway situated north of Maple Bay and outletting to the South
Fork Licking River via a new outlet channel; or a gated or ungated weir
spillway located near Sellers Point or some other location along the
dam. Of these three options, an ungated weir spillway located near
Sellers Point appears to be the most viable. This spillway system would
not require any disruption to I-70 traffic during construction and would
not require skilled operators and maintenance workers or excessive
maintenance.

From this study it is also apparent that, to maintain the current
normal pool level and to reduce the spillway length required and the
associated costs, the embankment height should be increased slightly by
adding additional earth fill or a concrete parapet wall along the crest

of the embankment. A new spillway structure would also require the
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excavation of a new outlet channel to the South Fork Licking River.
Some channel improvements to the South Fork Licking River below the
outlet channel would also be required,

Since the existing spillway is about 75 years old and would require
extensive rehabilitation to remain operational, and since a principal
spillway would no longer be required if an ungated weir spillway is
constructed near Sellers Point, the existing spillway structure should
be removed or rendered inoperative by incorporating it within a new
segment of an earthfill embankment in that area. However, to continue
to provide drainage and fresh water augmentation to the current outlet
channel, some type of gated outlet should be provided at this site.

From the study of the seepage and stability of the embankment it
appears that the embankment is stable under existing normal pool
conditions and would also remain stable under higher pool conditions
expected during passage of the design flood, the probable maximum flood.
The addition of more fill or a parapet wall to increase the height of
the embankment would not adversely affect the stability of the structure
under high pool conditions if the current normal pool conditions are
maintained.

Since the embankment appears to have been constructed without an
internal drainage system, it is inevitable that seepage through or under
the dam will occur at the downstream toe under higher pool conditions.
Although this condition can become a nuisance to property owners along
the downstream slope of the embankment, it does not appear likely to
affect the integrity of the embankment. Thus the seepage problems
should be addressed on a case-by-case basis and either a slurry cutoff

wall or a toe drain added in the seepage areas if it is comsidered
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necessary to alleviate the seepage problem. Nevertheless, concrete sand
should be stockpiled at several convenient locations and suitable
equipment kept available to be used to control seepage on an emergency
basis. The embankment should be regularly monitored for seepage
increases, especially when the pool level exceeds the normal pool level.

The masonry upstream slope protection wall is deteriorating in some
locations and should be replaced by constructing a sheet pile wall in
front of the old masonry wall as has been done along other segments of
the embankment. The top of this new wall should be set at the height
required to safely pass the PMF.

Although the removal of all trees from a dam is generally
considered to be sound engineering practice, it is not recommended for
the embankment at Buckeye Lake. Because of the large size of many of
the trees and the associated depth of the root systems, removal of the
larger trees could be difficult and costly and may cause additional
problems. The smaller trees should be removed, however, and no
additi;nal trees permitted to be planted in the future.

Based on the results of this study the following recommendations
are made:

1. A U-shaped, concrete gravity ungated weir structure should be

constructed in the vicinity of the old dry dock located near
Sellers Point. The weir should have a crest length of 460
feet at elevation 891.75. The normal pool would thus be
maintained at the current normal pool level. A new outlet
channel to the South Fork Licking River will be required as

well as a bridge over the outlet channel just below the dam.

The estimated cost of this spillway, outlet, channel, bridge,
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and associated improvements to the embankment and the South
Fork Licking River as described in the subsequent
recommendations is approximately $4,655,000.

The existing spillway structure should be removed or rendered
inoperative and earthfill should be compacted along the
upstream and downstream portions of the gtructure to
incorporate the structure into a new segment of the embankment
in that area. Some type of gated outlet should be provided at
this site, however, to provide drainage and fresh water
augmentation to the current outlet channel.

Channel improvements should be made to the South Fork Licking
River below the new outlet channel. These improvements should
be coordinated with the basin flood control project proposed by
the SCS and the South Licking River Watershed Conservancy
District.

A concrete parapet wall should be added along the crest of the
embankment where needed to raise the embankment height to
elevation 896.5.

A sheet pile wall should be added in front of the old masonry
wall where no sheet pile wall currently exists. The top of the
new sheet pile wall should also be set at elevation 896.5.

All trees less than 4-6 inches in diameter should be removed
from the embankment, and the state should prohibit the planting
of any additional trees on the embankment in the future.

The state should require permits for the construction of future
docks, building, etc, along the embankment. All proposed

construction should be carefully assessed in light of how it
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would affect the structural integrity of the embankment.

8. All drain pipes located on the top of the dam presently
being used to drain water from the crest of the dam into
the lake should be removed, The flow from these drains should
be diverted to the downstream slope. All holes or openings
(drain holes, handling holes, etc.) in the slope protection
wall should be adequately covered.

9. Seepage through the embankment and foundation should be
addressed as necessary on a case-by-case basis by constructing
a slurry cutoff wall or a toe drain in the immediate seepage
area. If the current normal pool level is maintained, as
recommended above, the integrity of the dam is not considered
to be adversely affected by the degree of seepage currently
evident. Nevertheless, the embankment should be regularly
monitored for seepage increases, especially when the pool level
exceeds the normal pool level.

10. Concrete sand should be stockpiled at four or five readily

accessible locations and suitable equipment should be kept

available to help control seepage on an emergency basis.

Following a review of the preliminary submittal of this report, the
ODNR generally concurred with the recommendations given above and
requested that additional work be done to develop in more detail various
recommendations concerning the construction of a new spillway and outlet
channel and the raising of the effective embankment height. Additional

soil borings were thus taken within the lake area at Sellers Point and
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preliminary drawings were developed to show more specifically the
improvements recommended. These drawings, soil borings, and additional
description of this work are included in Appendix VI, as well as a more
detailed cost estimate of the proposed work. As noted in Appendix VI
the estimated cost of the proposed work is $5,392,200, including the
costs of improvements to the South Fork Licking River below the proposed
outlet channel and improvements to the existing outlet channel,
Kirkersville feeder canal, and Bloody Run weilr. This value is based on
more detailed drawings than the estimate given in the first

recommendation above and is thus considered more accurate.
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Synthetic Unit Hydrograph Data Summary

Subarea Drainage SCS Snyder SCS
Area Lag Time Tp* Curve
(sq. mi.) (hr) (hr) Number
Wl 3.74 3.7 7.9 81.
w2 1.07 1.3 4.8 82
W3 1.56 1.8 5.4 83
W4 .82 1.7 5.6 82
W5 .48 1.9 4.4 82
W6 3.30 4.8 8.6 83
w7 1.80 2,7 6.6 83
w8 1.89 3.6 6.8 83
WA .11 1.6 ki 77
WB 535 2,7 k% 76
WwC .03 0.6 ke 79
WD .06 1.0 k% 83
WE «19 1.9 ¥k 83
WF .10 1.0 k% 86
WG 1.24 6.1 ki 83
s1 1,32 2.2 4,5 84
82 1.08 1.6 5.0 83
83 .87 1.0 4.7 81
S4 1.73 1.5 5.9 82
S5A 2.87 1.9 77
S5B 2.60 1.8 79
55C «23 1.2 8. 1k%% 80
S$5D 1.08 1.2 79
S5E .22 1.3 77
S6 .83 0.9 3.3 79
SA 1.23 4.4 *k 84
IA .61 1.0 *k 84
IB .39 0.7 ok 83
IC .18 1.3 k% 81
ID 1.26 0.9 *k 80
IE .83 1.0 k% 79
IF .61 1.0 Kk 80
IG 1.23 2.0 Kk 80
IH 2.21 1.2 *%k 79
II .28 0.7 *% 79
N1 1.00 1.6 4.3 81
Total = 44,14
* Snyder Ct- = 3.7; Cp = 0.60
*% No Snyder Tp value computed for this subarea
Fkk Total for Subarea S5
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Estimated Major Unit Construction Costs

Bridges - I-70 $2400/f¢t.
Other $2000/f¢t.
Spillway Outlet Channel Excavation $3/yd§
South Fork Licking River Channel Excavation $5/yd
Property $50,000/house
$1,000/acre
50 Ft. Principal Spillway, including $500,000

demolition of existing structure

Ungated Concrete Gravity Weir Structure $4,000/ft

Gated Concrete Gravity Weir Structure $165,000/40"' gate
length

Taintor” Gates & Operating Machinery $150,000/gate

(40-ft gates)

Increasing height of embankment
(concrete wall )

to elev, 895.0 : 9000' @ $18/ft $160,000
895.5 : 18000' @ $20/ft $360,000
896.0 : 21000' @ $22/ft $460,000
896.5 : 21000' @ $24/f¢t $500,000
Engineering Design and Construction $500,000
Supervision
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APPENDIX II

PHOTOGRAPHS
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Photograph 1 -~ View of embankment just west of spillway.

Photograph 2 - View of embankment near Black Diamond Point.



Photograph 3 - View of embankment near soil boring section 3.
Note cantilevered boat docks extending from
embankment.

Photograph 4 - View along crest of embankment near soil boring
section 3. Note embankment drain and outlet
through sheet pile wall near center of photograph.



Photograph 5 - View of embankment just southwest of Mud Island.
Note boat storage shelter built into embankment
and condition of masonry wall.

Photograph 6 - View of embankment southwest of Mud Island.
Note drain pipe extending through masenry wall.



Photograph 7 - View of upstream face of spillway. Note condition
of slope protection wall along left side of
approach channel.
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Photograph 8 - View of downstream face of spillway.



Photograph No. 9 -

View of buttresses
along downstream toe
of spillway. Note
spalling of concrete.

Photograph 10 - Close-up view of portion of upstream face of
spillway. Note spalling and broken concrete,



Photograph 11 - View of Kirkersville feeder canal looking
downstream from Millersport Road bridge.
near entrance of canal to lake.

Photograph 12 - View of Buckeye Lake outlet channel looking
downstream from SR 79 bridge.



Photograph 13 - View of Maple Bay near location of possible
spillway crest.

Photograph 14 - View of Sellers Point area looking downstream
from dry dock.



APPENDIX III

BORING LOGS AND SOIL TEST RESULTS



LEGEND -~ BORING LOG TERMINOLOGY

Explanation of each column, progressing from left to right.
Depth (in feet) - 1s distance below the ground surface.
Elevation (in feet) - is referenced to mean sea level, unless otherwise noted.
Standard Penetration (N) - the number of blows required to drive a 2-inch 0.D.,
1-3/8 inch. I.D., split-spoon sampler, using a 140 pound hammer with a 30-inch
free fall, recorded for 6-inch drive increments. Standard penetration resistance

1s based on total number of blows required for one-foot of penetration.

Length of sampler drive is indicated graphically by horizontal lines across the
"Standard Penetration" and "Recovery" columns.

Recovery from each drive is indicated numerically, in the column headed "Recovery".

Drive sample location is designated by the heavy vertical bar in the "Sample No.,
Drive" column.

Length of hydraulically pressing "Undisturbed" sample is indicated graphically by
horizontal lines across the "Press" column.

Sample numbers are designated consecutively, increasing in depth.
Description

a. Moisture content of cohesive soils (silts and clays) 1is expressed
relative to plastic properties:

Term Relative Moisture or Appearance

Dry Powdery ;

Damp Moisture content slightly below plastic limit

Moist Moisture content above plastic limit, but below liquid limit
Wet Moisture content above liquid limit

b. Moisture content of cohesionless soils (sands and gravels)
is described as follows:

Term Relative Moisture of Appearance

Dry No moisture present

Damp Internal moisture, but none to little surface moisture
Moist Free water on surface

Saturated Voids filled with free water

c. Texture is based on the Unified Classification System. Soil particle size
definitions are as follows:

Description Size Description Size
Boulders Larger than 8" Sand - Coarse 4.76 mm. to 2,00 mm.
Cobbles 8" to 3" - Medium ., 2.00 mm. to 0.42 mm.
Gravel - Coarse 3" to 3/4" - Fine 0.42 mm. to 0.074 mm.
- Fine 3/4" to 4.76 mm. Silt 0.074 mm. to 0.005 mm.
Clay Smaller than 0.005 mm.

— == —



LEGEND (Continued)

d. Main soil descriptions are listed in order of increasing percentage
of particle size and/or general behavior of soil based on plasticity
characteristics,

e. Modifiers to main soil descriptions are indicated as a percentage
of particle sizes:

trace - 0 to 10
little - 10 to 20
some - 20 to 35
and - 35 to 50

f. Color - If a soil is uniform color throughout, the term 1s single, modified
by such adjectives as light and dark. If the predominant color is shaded by
a secondary color, the secondary color precedes the primary color separated
by a hyphen. If two major and distinct colors are swirled throughout the
soil, the colors are modified by the term "mottled".

10. Gradation - when tests are performed, the percentage of each particle size is
listed in the indicated column (defined in Item 9c.).
11. Moisture content is indicated graphically when test is performed for natural
moisture content, liquid limit moisture content or plastic limit moisture content.
The following terms are used to describe the relative compactness and consistency of
soils:
Granular Soils - Compactness
Blows/Foot
Standard
Term Penetration
Very loose 0- 4
Loose 4 - 10
Medium Dense 10 - 30
Dense 30 - 50
Very Dense over 50
Cohesive Solls - Consistency
Unconfined Blows/Foot
Compression Standard Hand
Term tons/sq.ft. Penetration Manipulation
Very Soft less than 0.25 below 2 Easily penetrated by fist
Soft 0.25 ~ 0.50 2 - 4 Easily penetrated by thumb
Medium Stiff . 0.50 - 1.00 4 - 8 Penetrated by thumb with
moderate effort
Stiff 1.0 - 2.0 8 - 15 Readily indented by thumb,
but not penetrated
Very Stiff 2.0 - 4.0 15 - 30 Readily indented by thumb nail
Hard " over 4.0 over 30 Indented with difficulty with
thumb nail
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HYDRCLOGY AND HYDRAULIC COMPUTATIONS
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APPENDIX V

GEOTECHNICAL COMPUTATIONS



STABILITY ANALYSIS

SECTION 2

CASE 1
NORMAL POOL CONDITIONS



=L ORE STARILITY ANRLY S S
SIMPLIFIED JANBL METHOD OF SLICES
IRREGULAR FAILLURE SURFACES

FROBLEM DESCRIFTION BO7 - GECTION 2B; STATION &3+41.5;
Y SEEFAGE AND FLOOD CONDITIONS

BOUNDARY COORDINATES

4 TOoF BROUNDARTES
SOTOTAL BOUNDARTES

BOUND &Y X=LEFET YL EFT X~RIGHT Y-RIGHT
NCY (T (FT) (T (FT)

1 w 120 22.00 12,50 22.00

2 1250 a2 00 S0 00 RS IS TS

= 000 F0L00 27 .00 A0, 5O

< A o F0. G0 S0, Q0 E0, G0

o 12.50 2200 S0, 00 21. 30

STEAD
SO0IL TYFE

BELOW  BND

g === R
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U FTELDMETRIC SURF

S HEVE BEEM SPECIFIED

LIMTTHELGHT OF WATER =  &§F, 40

FLEZOMETRIC &)

ACE M i

CIFTED BY 3 COURDTMATE FOLIMTS

FOTMT

[

Y WATEFR
(FT)




A CRITICAL FAILURE SURFACE SEARCHING METHOD, USING A RANDOM
TECHMIGUE FOR GEMERATING CIRCULAR SURFACES, HAS BEEN SFECIFIED.

100 TRIAL SURFACES HAVE BEEN GENERATED.

1O SURFACES IMITIATE FROM EACH OF 10 POINTS EQUALLY SFPACED
ALONG THE GROUND SURFACE BETWEEN X = a0 FT.
AND. X = 10,00 FT.

i

EACH SURFACE TERMINATES BETWEEN X
FNT X

S0L.00 FT.
45,00 FT.

UNLESS FURTHER LIMITATIONS WERE IMFOSED, THE MINIMUM ELEVATION
AT WHICH A SURFACE EXTENDS I8 Y = OO FT.

S9.00 FT. LINE SEGMENTS DEFINME EACH TRIAL FAILURE SURFACE.



FOLLOWING &RE DISFLAYED THE TEN MOST CRITICAL OF THE TRIAL
FAILURE SURFACES EZAMINED. THEY ARE ORDERED - MOST CRITICAL
FIRST.

FATLURE SURFACE SFECIFIED BY 7 COORDINATE FOINTS

FOINMT X-8URF Y- GURF
MO (FT) (FT)
i 7.78 22,00
= 12,482 0,15
3 17.41 19.83
4 22,26 21. 04
5 el 1t PEL.T74
é 29.468 2758
7 0. b6 F0,05
R G TN 2 2

FATLURE SURFACE SFPECIFIED BY 7 COORDINATE FOINTS

FOTNT A—SURF Y= GLIRE
M. {(FT) (FT)

i 8,35 22.00

i L&, 08 2043

i 18. 08 20 2T

4} 2249 2155

] 2ele 24,15

& S T3 27 .87

7 Al .60 o, 11

BT Lo3hé sxs



FralLURE &L

WROE SFECIFIED BY 7 COORDINMATE FOINTS

FOTMT

Y GLIRF
NC3. ST

LT

"

FeyDLURE SURFACE SPECTFIED BY 7 COORDIMATE FOINMTS

FOIMT
MO
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STABILITY ANALYSIS

SECTION 2

CASE 2
POOL AT ELEV. 895 WITH STEADY SEEPAGE



R ] o B

U TTWE TEHT  OF WaTER = &Z2.40

FIEZOMETRTIC SURFADE MO Lo SPECTFTED B2y 4 DOURDTRATE POTHTS

FOTHT X~ TEF WA TEF
R (FT) (FT)

RS TY]



A CRITICAL FARILURE SURFACE SEARCHING METHOD, WSING A RaNDOM
TECHNIGUE FOR GENERATING CIRCULAR SURFACES, HAS BEEN SPECIFIED.

100 TRIAL SURFACES HAVE BEEN GENERATED.

10 SURFACES INITIATE FROM EACH OF 10 FOINTS ECUALLY SFACED
ALONG THE GROUND SURFACE BETWEEN X = T 00 FT.
AND X = 15.00 FT.

EACH SURFACE TERMINATES BETWEEN
ARD

2,00 FT.
40,00 FT.

>
[

UNLESS FURTHER LIMITATIONS WERE IMFOSED, THE MINIMUM ELEVATION
AT WHICH A SURFACE EXTENDS I8 Y = WO FT.

5,00 FT. LINE SEGMENTS DEFINE EACH TRIAL FAILURE SURFACE.



FOLLOWING ARE DISPFLAYED THE TEN MOST CRITICAL OF THE TRIAL
FallURE SURFACES EXAMINED. THEY ARE ORDERED - MOST CRITICAL
FIRST.

FAILURE SURFACE SFECIFIED BY 6 COORDINATE FOINTS

FOINT X~GURF Y=BURF
NE (FT) (FT)
1 10,56 22,00
2 19,25 20,29
Z 20,25 20439
4 24.87 22,31
5 28,48 25.77
é 30,46 30.0%

" 1 OBS %%

FATLURE SURFACE SPECIFIED BY 7 COORDINATE FOINTS

FOINT A=SURF Y=5LIRF

MO (FT) (FT)
1 Q.44 22,00
2 14,22 2051
B2 1. 22 20,47
4 24. 02 21.87
i) 28,21 24,60
& F1.44 28.4%2
7 Sda 12 3016

¥ E Lo CHEE ®% %



FrlLURE SURFACE SPECIFIED BY & COORDIMATE FOIMTS

FOTNT
M

KK 1,081 s

FallURE SURFACE SPECTFIED BY 7 DOORDIMATE FPOINMTS

FOTMT K- GLIFE
AP (FT)




FOCURDINATE FOTMTS

COORDIMATE FOIMNTS

SRECTIFIED

FaTLURE SURFA




FellUREE SURFASCE SFECIFIED BY 7 COORDIMATE POINTS

FOTHT L-SURF
NCEH, (T

b1
10.81
B - 13.80

20,70

4
b Helé
&y o G5

e L. DGR B

FallURE SURFACE SFECTFIED BY 7 COORDIMATE FOTRTS

FOINT K~ GLIFF v
P A

S 1 OEE s



STABILITY ANALYSIS
SECTION 2
CASE 3

EMBANKMENT & POOL LEVEL RAISED TO ELEV. 897,
STEADY SEEPAGE, TAILWATER AT ELEV. 890



~=GLOFE STABILITY AMALYSIE—-
SIMFLIFIED JANEU METHOD OF SLICES
IRREGULAR FAILURE SURFACES

FROBLEM DESCRIFTION EO7-SECTION 2By FMF FLOOD AND
MDITIONMG: EMBANKMENT RAIDED 1-
tLev  yio

BOLNDARY  COORDIMATES

4 TR BOUND AR TS
7OTOTAL BOUNDARIES

EOUNDARY X-LEFT Y—LEFT X~RIGHT YR IGHT S0IL. TYFE
N, (FT) (FT) (FT) (FT) EELOW BND

« D0 i ) 12,560 B .00 A
1250 e Q0 0. Q0 E0, 00 -
T OO =0 00 X4, 00 2. 00 1
B4, 00 e G Hh. 00 A2 00 1
S0, G0 S, O0) A7 .00 Z0.50 2
S7.00 050 SE .00 29,80
12,50 a0 Séia Q0 . N2 )

SN T QR [

Ld B3
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e TR
TYFE  UNIT WT.  UMIT WT. ITMTERCERT ANGLE PRESSURE  COMSTENT sl
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NI

130,10 LE0L0 w il DTG0 W 200 w0

2 1Ea5.0 Lathad #0 EEL0 W 0 -

.......

w0 RIS o 220 Wi




LI T TRETGHT OF WaTER =

FIEZOMETRIC SURFACE NO. 1 SFEC

IO TRATE FOTNTES

FOTET
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A CRITICAL FALLURE SURFACE sEARCHIME METHOD,
TECHNIGUE FOR GENERATING CIRCULAR SURFACES,

100 TRIAL SURFACES HAVE BEEN GENERATED.

10 SURFACES INITIATE FROM EACH OF 10 POINTS
ALONG THE GROUND SURFACE BETWEEN X = » 00
AND X = 20,00

EACH SURFACE TERMINGTES BETWEEN X =
ARLD

20,00
w0, Q0

i
T

LNLESS FURTHER LIMITATIONS WERE IMFOSED, THE
AT WHICH A SURFACE EXTENDS I8 Y = w00 FT.

LUSING &
HAS BEEM

EQUALLY
FT.
FT.

F“r -
FT.

FMINTMLIM

AN M
SFECIFIED.

HFACED

ELEVATLON

D.00 FT. LINE SEGMENTS DEFINE EACH TRIAL FAILURE SURFACE.



FOLLOWING ARE DISPLAYED THE TEN MOST CRITICAL OF THE TRIAL
FALLURE GURFACES EXAMINED, THEY ARE ORDERED -~ MOST CRITICAL.
FIRST .,

FAILURE SURFACE SPECIFIED BY 7 COORDINATE FOINTS
FOINT X—=BLRF Y-SURF
ME (FT) {FT)
1 L3535 22.58
5 18. 20 21.25
87 2E.18 21.69
9 27.78 2Bub7
b 3l.52 26498
& 34,04 &1+ 30
7 24,19 S2.00

LR To104 =%

FAILURE SURFACE SPECIFIED BY 8 COORDINATE FOINTS

FOTNT X~ SURF Y~ BURF

NGO (FT) (FT)
1 8. 89 22,00
i 13,76 20, Bb
% 18,76 20,82
4 2. 64 21.87
5 28,18 23.98
é 2. 14 274 O3
7 35. 34 T0. 87
a 35,92 2. 00

K La 120 w#ww



By & COURDIRETE FOLNTS

EOCOORDINATE FOTMTES

ot
i




STABILITY ANALYSIS

SECTION 3

CASE 1
NORMAL POOL CONDITIONS



——oLUFE STABILITY ANALYELS-—-
SIMFLIFIED JANBLU METHOD OF SLICES
ITREEGULAR FATLURE SURFACES

FROBLEM DESCRIFTION 807 — SECTION 3-C, 8TA 104+42.0

EOUNDARY COORDINATES

4 Tar BOUNDARTIES
5 OTOTAL BOUNDARIES

BOLINDARY X—LEFT Y=-LEFT X—=RIGHT Y—RIGHT 501 TYFE
MO . (FT (T (FT) (FT) BELOW BND

1 W 20,850 12,00 21,00 2

= 1Z2. 90 21.00 27 .00 29.50 1

a5 27 .00 29,50 R9.00 HO .00 1

4 22,00 S0 .00 G 00 F1.00 1

i L2400 21 .00 S0 00 19.00 2
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I FTEZOMETRIC SURFACE (S5 HMaYE BEEM SFECTFIED

UMTTWIETGHT OF WATER = SE.40

FIEZOMETHRIC SURFACE NO. 1 SFECIFIED RBY 2 COORDINMATE FQINTS

FOINT X-WATER Y--WaTER
e, (FT) (FT)

1 <00
- 12,00

0, D0




Ao LHLTICAL FrlllURE SURF&CE SEARCHING METHOD, USINMG A RANDOM
TECHNIGUE FOR GENERATING CIRCULAR SURFACES, HAS BEEN SPECIFIED.

100 TRIAL SURFACES HAVE BEEN GBENERATED.

L0 SURFACES INITIATE FROM EACH OF 10 FOINTS EQUALLY SPACED
ALONG THE GROUND SURFACE BETWEEN X D0 FT,
AND X 20.00 FT.,

i

FTOLO00 FT.
S0 OO FTa

EACH SURFACE TERMINATES RETWEEN X
AND X

o

UNLESS FURTHER LIMITATIONS WERE IMFOSED, THE MINIMUM ELEVATLION
AT WHICH A SURFACE EXTENDS I8 VY = SO0 FT.

.00 FT. LINE SEGMENTS DEFINE EACH TRIAL FAILURE SURFACE.



FOLLOWING ARE DISPLAYED THE TEN MOST CRITICAL OF THE TRIAL
FATLURE SURFACES EXAMINED. THEY ARE ORDERED — MOST CRITICAL
FIRGT.

FAILURE SURFACE SFECIFIED BY 9 COORDIMATE FOINTS

FOTNT X—-SUREF Y --SURF

M. (FT) CFT)
1 Z.2E 20, 59
2 w25 17463
=3 10,92 15.84
4 15.89 BT
& 20,83 164 15
P 2057 184,23
7 29.21 21 .45
g D207 b
9 Ade b A0, 2

xR 10B17 ##w

FallUreE SURFACE SFECIFIED BY 9 COORDINATE FOINTS

FOINT A~BLIRF Y- SLIRF

N (FT) (FT)
1 4. 44 200 6%
i 8. 20 18.42
i 15,78 17,353
4 18.78 17.49
e’ 2558 18. 88
& 27 8% 2L.42
7 R R 1 24095
& FA.99 22025
9 34, 29 D SO

ERR 1.860 %%



FAILURE SURFACE SFECIFIED BY ¢ COORDINATE FOINTS

FOINT X —SURF Y-GLRF
INET, (FT) (FT)

1 4. 44 20, &9
] 8. 90 18.41
3 13.76 1787
4 18.76 17 55
5 23,60 18. 65
# 27.98 21.04
7 Hl. b4 24,44
& 34,38 78,65
P I .95 T0.E8

¥ ¥ 1.864 *%%

FALLURE SURFACE SFECIFIED BY 9 COORDINATE FOINTS

FOINT A--SURF Y -SURF
M. (FT) (FT)
1 4. 44 20,69
s . B L7 .42
5] L. 80 } L ED
4 17.76& 14.78
9 22 HF 15.63
6 274 1é 17.87
7 30,78 %y (e
k& R WL 28.67
i 4. 28 T 525

e 1.209 #%%



FAILURE SURFACE SFECIFIED BY 11 COORDIMATE FOINTS

FOTNT X—=SURF Y ~SURF
N, (FT) (FT)
1 « Q0 20,80
= 4,368 18,05
i 709 Lo.ax
4 14.0% LE. &7
il 19,05 15,80
& 2392 lé&. 82
7 28.56 18.70
£ 3878 21 &7
Y F6. A7 24,759
Lo 19,48 28,74
L4 404 40 F0 .54

HHH 1.210 #x%

FAILURE SURFACE SFECIFIED BY 10 COORDINATE FOINTS

FOINT X—BURF Y —-8LIRF
NO . (FT) FT)
1 w00 20,350
P 3.78 172425
i 8. 51 15.18
4 L3E.24 14.29
G 18421 14,85
& 22.84 16,74
7 atye 783 19.81
& 29,74 =25, 84
2 31.49 P PRI
10 31 .62 S L2

EER 19102 ek



FATLLURE SURFACE SPECIFIED RBY 8 COORDINATE FOINTS

FOINT X=5URF Y-—-SURF

MO (FT) (FT)
1 bub7 20,78
2 11,20 18.468
= L 12 17.79
4 21014 18.17
5 25.84 19.79
& 230,00 22,596
7 BE.E4 26.29
a8 25,40 B0.350

L L1949 ##%

FATLURE SURFACE SFECIFIED gY 10 COORDINATE FOINTS

FOINT K—BLRF Y —SURF
NG FTY (FT)
t 4.44 P06
2 8. 86 18,53
S 13,67 16,96
4 18. 46 16.69
= BF. 60 17.47
& 28. 26 19.2
7 X2 B2 22,06
8 A5, 89 25. 46
2 8. 52 29,91
L0 AB. 71 30, 46

YR L.919 *x%



FAILURE SURFACE SFECIFIED BY 10 COORDINATE FOINTS

FOINT K-SURF Y GLIRF
N CFT) (FT)
1 4. 44 20.69
@2 8.357 ¥7.5%
3 12:92 15 Sl
4 1783 14,54
& R 2 14.79
& 2742 I T
7 2 B 18. 68
@ T TR B2
v Z8. 30 b |
10 IFTT7 H0.51

Tt ¥ 1.946 %%x

FATLURE SURFACE SFECIFIED BY 9 COOQRDINATE FOINTS

FOINT X ~5URF Y--SURF

MO . FT3 (FT)
1 Ha b7 20.78
@ L0, 75 17.82
3 1.4 16,16
4 2041 15.96
o i s 17. 21
I 29.51 19.83
7 32.83 2%, 57
& x4, 91 28,12
g B5.20 30,50

e 1l.2&4&0 #%%
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STABILITY ANALYSIS

SECTION 3

CASE 2
POOL AT ELEV. 895 WITH STEADY SEEPAGE



FALLURE SURFACE SFECIFIED RY 7 COORDINATE FOINTS

FOINT A-=SURF Y--SLIRF
MCT {(FT) (FT)
10.56 2. 00
2 1507 19, 85
A 20,064 19.44
4 24,85 20,87
i} b I o
& A1l.47 28,14
7 Sl.8é S0 LA
L 1.073 xx%

FATLURE SURFACE SFECIFIED BY 7 COORDINATE FOINTS

FOIMT K=BLIRF Y - SLRF

N3, (FT) (tFT)
1 11ué7 28,00
P |- T 20, 26
S 21 .35 e AR
4 26,086 2L.93
& 29.89 25414
& 258 29,47
7 G2 31 20.18

W 1.08) *%x
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STABILITY ANALYSIS
SECTION 3
CASE 3

EMBANKMENT & POOL LEVEL RAISED TO ELEV. 897,
STEADY SEEPAGE, TAILWATER AT ELEV. 890



- SLUFE STHBILLTY AMelyBI5--
SIMALIFIED JaANBL METHID OF SLICES
TREEGULAR FATLURE SURFACES

FROBLEM DESCRIFTION BO7-SECTION 30; EMBAMEMENT RAISED L -2'P -
MF FLOOD AND SEEFAGE; NO FREEBOARD: TW AT ¥20

BOUMDARY COORDINATES
4 TOF BOUNDARIES
JOTOTAL BOUMOARITES

BEOUNDAFY X=LEFT W-LEFT X=RIGHT Y-RIGHT S0IL TYPE
MCT (FT) 6 i (F1) (FT) QELOW EHD

A w10 g1 W) 13 .00 )W 00 &
“ L, 0o 2l iy am e b 27« 50 2
B w7 400 290 31 .50 B2 OO0 1
E3 Sl IO SR B 00 T2 0 1
b 27 WA By S0 2900 E0., 00 s
é 27500 A0, OO 55,00 31 .20 pEd

s 12.00 21. 00 G, 00 16, 00 3



RN

[RARN=1
LIRET W,

CFEE)

SATLIRATED

LIMLT W

(PO

FR T T

T







A CRITICAL FAILURE SURFACE SEARCHING METHOD, USING A RANDDH
TECHNIQUE FOR GENERATING CIRCULAR SURFACES, HAS BEEN SPECIFLED.

100 TRIAL SURFACES HAVE BEEN GENERATED.

1O SURFACES INITIATE FROM EACH OF 10 POINTS EGUALLY SPACED
ALONG THE GROUND SURFACE BETWEEN X = O FT
AMD X = 200 FT.

EACH SURFACE TERMINATES BETWEEN X o= Z0, 00 FT.
AND X 0. 00 FT.

]

UMILEDS FURTHER LIMITATIONS WERE IMFOBED, THE MINIMUM ELEVATION
AT WHICH 4 SURFACE EXTENDS 18 Y = SLOTU N o

.00 FT, LINE SEGHENTS DEFINE EACH TRIAL FAILURE SURFACE.



FOLLOWING ofiE DISPLAYED THE TEM HMOST CRITICAL OF THE TRIAL
FRAILURE SURFACES EXAMINED. THEY ARE ORDERED ~ MOST CRITICAL
FIRGT.

FaTLURE SURFACE SPECIFIED EY 9 COORDINATE FOINTS

FOINT X=BURF Y=5URF

N (T {FT)
4 1w 7 29.78
) L1.20 18,68
3 Léba L3 17.80
4 21 34 18.22
5 25. B2 12,89
& E7u P35 P |
7 Jh. 22 26. 4%
8 G, A2 30,78
? S8 63 F2.00

KAE Lo&601 %%

FAILURE sSURFACE SFECIFIED 2Y 10 COORDINATE POINTS

FOIMNT X -BURF Y —BURFE
N (FT) (=1
1 G, A 20,69

3. 86 18,53

3 135,68 1&.99

& L8. a7 1675
g HJ.Un 17 55

& 28,24

7 HP, B4 S, o

“ i g 25,90

9 38.31 30,21

L 38.90 E2, 00

K& ¥ Ledll ®%%
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RIC SURFACE (6 HeVE REER

UNMITHWETGHT OF WATER = &%, 40

FIEZOMETRIC SURFACE MO, 1 SFECTFTED By < COORDIMATE FOTNTS

FCTrT K-WATER
MY T




HOLRLT ILsL FalLURE SURFACE SEARCHING METHOD, LSING & RaMDaM
TECHNICUE FOR GEMEFRATING CIRCULAR SURFACES, HAS BEEN SFECIFIED.

100 TRIAL SURFACES HAVE BEEN BGENERATED.

10 SURFACES INITIATE FROM EACH OF 10 FOINTS EQUALLY SPACED
ALONG THE GROUND SURFACE BETWEEN X .00 FT.
AND X 20.00 FT,

I

F0.00 FT.
S0.00 FT.

EACH SURFACE TERMINATES BETWEEN X
FAD X

it

UNLESS FURTHER LIMITATIONS WERE IMFPOSED, THE MINIMUM ELEVATION
AT WHICH A SURFACE EXTENDS I8 Y = OO FTe

.00 FT. LINE SEGHMENTS DEFINE EACH TRIAL FAILURE SURFACE.

b



FOLLOWING aRE DISFLAVED THE TEN MOZT CRITICAL OF THE TRIAL
FATLURE SURFACES EXAMINED., THEY ARE ORDERED — MOST CRITICAL
FIRET,

FAILURE SURFACE SFECIFIED BY 9 COORDINATE FOINTS

POTNT X—~BURE Y -GURE
N (FT) (FT)
1 2,22 20,59
P b b9 18,54
5 1157 17.28
4 16,57 17. 46
5 21,37 18.87
b 25, b6 21. 44
7 29.18 24, 99
& 31.71 DG, TO
9 T, 95 0. 14
R Lo &E1 *%E%

-

FALLLLIRE SURFACE SFECIFIED BY 10 COORDINATE FOINTS

EOTNT X ~SLRE Y~ GLIRF
NOL (FT) (FT)
1 4,44 20 .69
7 8,71 18,08
A 15,43 L&, 44
< L& 4 L&, 834
5 2F.3 1, 30
& 28. 14 17 .82
7 %2, 48 20,51
a 6. 18 DT &7
9 79,09 27 .75
Lo 40, 30 20,54

T 1684 wex



COORDIMNATE FOINTS

o R

FalLURE SURFACE SPECIFIED BY 9 COORDIMATE FOINTS

FOTMT
R




FalLURE SURFACE SFECIFIED BY 12 COORDINATE FOINTS

FOLINT K-GLIRF Y-SURF
M), 1) T
i 2o 22 20,09
2 6.7 L7 .4
B 10,49 15.06
4 15. 29 13,68
& 20, 2 15551
& PR 3.98
7 29.95 18,63
a9 4L 22 18.258
9 H7 .86 21.68
1) G40, 7R BE.T7
i1 A, &9 it iy
12 42.75 20,68

By 1.722 ®%Ex%

FATLURE SURFACE SPECIFIED RBRY 11 COORDINATE FOINTS

FOINT A--SLURF Y- SURF
INCD (FT) (FT)
1 2.2 By, B
o b b9 18155
A 11. 48 1&.91
A L. A% 1&, 352
w =1.44 L& 59
& 2&. 5 17.71
7 10, 92 19.6%5
o ST 12 2,38
] 8. 80 25,74
1 41.84 29.71
11 42,33 BOLHEE

R H 1.789 %##%



FATLURE SURFACE SPECIFIED EY 12 COORDIMATE POINTS

FOTINT K-SURE Y —SURF
N G (FT)

L 00 20,90
Fe i 14.98
7.78 14,52
4 12.49 124863
17.4% 12,01
22.43 12,48
27 .19 L4, O3
51 .49 Lér 56
25018 19.98
K 37 .98 4,10
59.84 28.74
132 {40,135 A0 T

fd B} o

N S

— e
- W0 W

% 1. 7305 %%

FAILURE SURFACE SFECIFIED BY 8

FOLNT X=BURF = BURE
MY, (FT) (FT)

8. 89 20,87
15,48 18,90
18.46 18,40

2hR.ES 19.4%

==

5

B

&n
L

8 [ s
Sa B0 EOL02

s R 20 21

EERN I 51
14

R 1a7432 #xs

27T 21.86

COORDIMNATE

FOINTS
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FATILURE SURFACE SPECTFIED BY 7 COORDIMSTE FOIMNTS

FOTMT
RO

R 1, 14% #ews

COORDIMATE FOINTS

=40
i

FOTLURE

T L (_3 l.J I::;-: l:-_..

S B
[
! ]

FOTHT
T




FaTLURE SURFADE BPECIFIED BY & COORDINATE FOIMTS

LT X~ GLIFRF
T (FTH

e 1ol s

FaTLURE SURFACE SFECIFIED BY & CODRDINATE FOIMTS

FOIMT
M




FATLURE SURFACE SFECIFIED BY & COORDINATE FOINTS

FOINT X—SLRF Y—-SURF

M, (FT) (FT)
1 15.56 23040
2 20,47 RR2.45
3 2037 PR B
4 25 o 54 26419
5 SRS 50 B2
el DG =

xR Lal7é6 #%%

FAILURE SURFACE SPECIFIED BY 9 COORDINATE FOINTS

FOTNT £-SURF Y —SLIRF

NI, (FT) (FT)
1 b ta7 R2.00
= 11516 19,81
A Léy. 0é B I =
4 21,08 19. L2
5 2584 20. 648
& 0L 0R 2356
7 25041 27 .05
& B T 4 31 .44
? 15,90 00

Li s 1177 %%
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FAILURE SURFACE SPECIFIED BY 10 COORDINATE FOINTS

FOINT L=GURF Y- SURF
N[ (FT) (FT)

1 BLRR R0, 59

2 .78 17.08

;S 10.15 14,64

4 15,00 I3, 44

5 20,00 13,58

6 24,78 15,03

Fd 29.01 17.69

a8 S2.58 2139

3 B4, b6 25, 84

10 a5, 58 HO L EL

W 1,701 %%

FATLURE SURFACE SFECIFIED BY 9 COORDINATE FOINTS

FOTMT X-SLIRF Y-SURF

MCI. (FT? (FT)
I 4,44 HOWET
2 8.3l 174031
3 12495 185.45
4 17.924 15.28
i 22480 1é4:43
& 27 10 LG, 00
7 0,4 2. 74
5l 2248 27 50
7 L2 T8 Fio. 18

%% 1,705 #%%



STABILITY ANALYSIS

SECTION 4

CASE 1
NORMAL POOL CONDITIONS



-»SLOFE S MaAsilITY aNALYSIS—-
SIMFLIFIED JANEBU METHOD OF SLICES
IRREGULAR FAILURE SURFACES

FROBLEM DESCRIFTION BO7 - SECTION 4-A3 STATION 142+75.5: STE
ADY SEEFAGE ANMD FL.OOD CONDITIONS

BOUNDARY COORDIMNATES

4 TOr BOUNDARTES
S TOTAL BAUNDARIES

EOUNDARY X+UEFT Y=LEFT A-RIGHT Y~-RIGHT 8071l TYFE
NG, (FT) (FT) (FT) (FT) BELOW BND

1 L0 19.50 13,00 20.00 2

e L300 B, 00 e 0O 25.00 1

& A0 25.00 400 B0, D0 1

#h 54,00 i 00 50, 00 20,850 1

par] LA, 00 S0, 00 S0, 00 ), 00 -



ISOTROFIC S01L FARAMETERS

2 OTYFE(S) OF S0IL

50T TOTAL SATURATED COHESTONM  FRICTION FORE FRESHURE  FIEZ

] oy |

O TR
TYFE  UMIT WT.  UMIT WY, THTERCERT e Gl FRESSURE COMSTANT &0

RFACE
MO (FOF) (FLF) (F5F ) (DEB)  FARAME TER {FEF)

MY,

PO W 00 !

& A5, L, 0 &0 B 0 W 0 ot



ETRIC SURFACE (5) HAYE BEEN SFECIFIED

WNTTWETGHT OF WaTER = &Z.40

FIEZOMETRIC GURFACE MO, 1 SFECIFIED BY 3 COORDINATE
FOINT K-WATER Yo-WATER
M (FT) (FT)

7,00

1 L300

iy D0

TS



i CRITICAL FAILURE SURFACE SEARCHIMG METHOD, UWUSING & RANDOM
TECHNIQUE FOR GEMERATING CIRCULAR SURFACES, HAS BEEN SFECIFIED.

100 TRIAL SURFACES HAVE BEEN GENERATED.

L BURFACES INITIATE FROM EACH OF 10 FOINTS EQUALLY SFACED
ALONG THE GROUND SURFACE BETWEEN X = L0 FT.
AMD X = 15,00 FT.

EACH SURFACE TERMINATES BETWEEN X
AND

F0.00 FT.
45,00 FT.

2>
i

UNLESS FURTHER LIMITATIONS WERE IMFOSED, THE MINIMUM ELEVATION
AT WHICH A SURFACE EXTENDS IS Y = L 00 FT.

G000 FT. LINE SEGHMENTS DEFINE EACH TRIAL FAILURE SURFACE.



FOLLOWING ARE DISFLAYED THE TEN MOST CRITICAL OF THE TRIAL
FAILURE SURFACES EXAMINED. THEY ARE ORDERED -~ MOST CRITICAL
EIRST .

FATLURE SURFACE SFECIFIED BY 10 COORDINATE FOINTS

FOINT X-GLIRF Y-SLURF
O (FT) (FT)

! & 55 19463

= 768 A P

ex 3 12, 44 | e A

ot 17 .42 o s

o Hag e 15, 68

& 2713 17,249

Z L. 45 19.76

& 5. 1O s O

9 2808 27.18

1G A5G, 40 S0.17

*u% 1.788 %%%

FATLURE SURFACE SFECIFIED BY 11 COORDIMATE FOINTS

FOINT X-=BLIRF Y —SLIRF
M. {(FT) (=T
1 1 .67 19.56
= TP 1é&.67
5 168 g 1. &3
4 1. 18 1AL
o 20, 18 L5, 36
é 28,11 14,19
7 29.7% 15.36
&4 S 18, &0
9 27 .68 22,02
10 40, HO 2hH.08
Lt 42.51 20 2

e e 1.798 %%



FRILURE SURFACE SFECIFIED BY 10 COORDINATE FOINTS

FOINT X-BURF Y- SURF
NO . (FT) (FT)

o Q0 19 . &9
9. 11 1&. 84
13,735 14.99
18.70 14.24
2568 14. 638
28.45 Léul4
F2LTS 18. 68

CoRRHE SRR R R N AR

Sy JT PRe LS

S295 11 mha Al

40, 55 20 .20
%Wt 1. 800 w6

FalluRE SsURFACE SPFECIFIED Ry 11 COORDINATE FOIMTS

FOTNT K=GLRF Y -SURF
MO (FT) (FT)

W A0 1%, B0
4, 54 17+ 05
.10 15. 48
L4. 06 14,84

19 .08 15. 15
23.89 1h. 42

SRS

£

o

7 28 w0 1858
8 32.41 21.56
2 30,78 2E.2b

38,39 25 52
F8. 62 20414

P
=

EX RS L8044 wxs



FAILURE SURFELCE SFECIFIED BY 11 COORDINATE FOINTSG

FOINT X ~GLRF Y- SURE
NG (FT) (FT)

1 1u&7 1954

2 5. 84 16. 80

3 10, 44 14,86

4 15, 5% 15,81

5 il ¢ g o 15,68

b 25,27 14,48

7 29.97 16.18

£ 4,27 18,72

9 EH. 05 Z2.02

10 41,12 PE. 95

L1 337 0. 29

K 1.807 #%E%

FATLURE SURFACE SFECIFIED EBY 10O COORDINATE FOINTS

FOINT X—BURF Y- GSLRF
MO (FT) (FT)
1 B 19. 63
2 7.74 17. 27
3 12.36 T S
4 1758 15, 68
i 22,48 16091
& 27.11 18,40
7 31422 21.26
& F4.60 24,94
7 ol 10 227
10 ST BT Z0.11

a3 1813 *¥k%



FAILURE SURFACE SFECIFIED BY 12 COORDINATE FOINTS

FOTINT X—BLIRF Y—3UIRF
MO (FT) CFT)
1 L 00 19.50
e i L Lé w57
3 s 14, 04
£} 13,10 1258
i 18,08 12.0%
& 20.06 12.46
7 27.87 13 e 8l
8 AT P 14,05
9 Th: B2 19, 0%
10 A9 L4 D3 . B2
11 42,20 i i |
i2 4. 3RE L W7

R 1.825 ®Ex

FATLURE SURFACE SFECIFIED BY 9 COORDINATE FOINTS

POINT A—=EBLIRF Y -8URF

MO. (FT) (FT)
1 b b7 19.74
= L0 17.17
3 15, 25 15,78
4, BOLTE L5, &7
il EELAD Lé&, 86
b 29.99 19.24
i AL A0 PRwTR
a8 Tée 20 26029
&y 37311 H0. 10

R L8226 *xx



FATLURE SURFACE SFECIFIED RY 11 COORDINATE FOINTS

FOTMT A-BURF Y--SURF
NCT . (FT) (FT)

1 e ] 19..6%

s 7009 Ji&u S8

= 11 .44 15,94

4 1&ie 2% 12.58

& 21 524 1 2a3

& =6.21 e 3G

7 S0, 549 L5, 07

& L9282 17. 95

Q E8L.BT 2l.bb

10 40,71 Pha 02

11 41.97 A0, 25

B 1844 #es

FAILURE SURFACE SFECIFIED BY 11 COORDINATE FOINTS

FOTRT A~BURF Y -SGLURF
MO (FT) )
1 & a0 194 &9
2 Bl L& a7
A 15,42 14.42
4 18,320 ! 175, W
S BE R ) 13,359
) 28.16 14,54
7 FR2. 63 Lé&w el
a8 BT 20.01
g E2.49 2899
1O 41083 28.54
11 41. 864 BOL2S

PR 1.846 #ex
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STABILITY ANALYSTIS

SECTION 4

CASE 2
POOL AT ELEV. 895 WITH STEADY SEEPAGE



LOFLIEZOMETHIC SURFACE (5) HaVE BEEN SFPECIFIED

LIMITWETGEHT OF WATER ==

S T

FIEZOMETRIC SURFACE MO, I SPECIFIED BY 4 COORDIMNATE FOINMTS

FOINT X-WATER Y WA TEFR
(FT)

M. (FT)

1 W 130

(18]

[ I]

B EO



A CRITICAL FAILURE SURFACE SEARCHING METHOD, WSING A RANDOM
TECHNIGUE FOR GENERATING CIRCULAR SURFACES, HAS BEEN SFECIFIED.

100 TRIAL SURFACES HAVE BEEN GENERATED,

1O SURFACES INITIATE FROM EACH OF 10 FOINTS EQUALLY SPACED
ALONG THE GROUND SURFACE BETWEEN X Pl o {a I i
AND X 15,00 FT.

I

i

30,00 FT,
A45.00 FT.

EACH SURFACE TERMINMATES BETWEEN X
HIND X

i
it

LNLESS FURTHER LIMITATIONS WERE IMFOSED, THE MINIMUM ELEVATION
AT WHICH A SURFACE EXTENDS I8 Y = 00 FT.,

5,00 FT, LINE SEGMENTS DEFINME EACH TRIAL FAILURE SURFACE.



FOLLOWING ARE DISFLAYED THE TEN MOST CRITICAL OF THE TRIAL
FATLURE SURFACES EXAMINED. THEY ARE ORDERED - MOST CRITICAL
FIRST.

FaILURE SURFACE SFECIFIED BY 11 COORDINATE FOINTS

FOINT X-SURF Y GLIRF
N CFT) TR

1 La&? 17. 04

2 e 84 14481

A 10,50 13, 00

4 15. 44 14,82

] 20,43 14 .50

& i T 1%, 64

7 29.67 1807

& e L e 1. 38

9 BheSé6 25, 54

10 38,71 29,85

L 38.74 S0.15

e : L. 568 was

FRILURE SURFACE SPECIFIED BY 11 COORDINATE POINTS

FOINT X—=8URF Y-8URF
MO (FT) FT)
i 1.&7 19.36
& Sa 75 Le.73
i3 L. 56 14.75
a4 15.27 15.71
] Ao, 2 135 &3
& 25419 14.32
7 29. 84 1ée 56
3 F4.05 19.06
74 27w b3 22.E5
10 40.81 264 63
11 42,10 J0 .28

e LS70 #&%



FAILURE SURFACE SPECIFIED RY 12 COORDINATE FOINTS

FOIMNT X-8URF Y -SLIRF
M) . (FT) (FT)
1 w0 19,50
2 BE e bt 1&. 50
= 8.27 135,98
4 b D L 12 &5
b 18. 08 12. 31
& PR AP D . 13, 04
7 e A i | 14,79
& i [ ¢ 17.47
o Z5. 49 20,98
10 5825 PE.1T
o h 4007 29.80
2 40. 14 B0 19

* R 1597 Exx

FAILURE SURFACE SPECIFIED BY 11 CODRDINATE FOINTS

FOINT X -GURF Y=SLIRF
LD, (FT) FT
1. i P O 19. 65
2 776 3731
i 12.54 15. 82
4 17.50 15.20
v 22449 15.48
& 27«33 16,64
7 Sl 75 18,45
G Sb. Q7 23,48
? 29.63 24 D4
10 42855 2. 02
11 4%. 14 20 29

e g L.599 #E%



FAILURE SURFACE SPECIFIED BY 11 COORDINATE FOINTS

FOTNT K=BLIFF Y- SLIFF
NG (FT) (FT)
1 5.83 19,63
R 7. 66 17.12
3 12, 364 1544
4 17.29 14, %564
5 25, 2 14,60
& 27 .20 15.561
7 31.88 17.28
8 Tha 17 19,84
9 B9 .94 EL AP
10 43,08 7.0
24 44 .89 B0 34

R 1.602 #%%

FATLURE SURFACE SPECIFIED RY 12 COORDINATE POINTS

FOINT X~SURF Y ~SURF
D (FT) (FT)
L L 00 19,50
2 4, z 17003
3 7.0 15. 26
4 13,92 14,27
5 18.92 C 14,08
& 2T, 58 14,69
7 28. 68 L. 09
@ B 20 18,23
9 7. 51 21 07
10 40,92 24,53
11 43,97 28,93
12 44,89 0. 54

EE L.&60O% %%



FAILURE SURFACE SFECIFIED BY 10 COORDINATE FOINTS

FOINT XK=SURF Y -SURF
N (FT) (FT)

1 3D 124 &F

2 7. 5E L&, 61

3 11,94 L4, &9

4 16.89 135,98

el 21.86 14. 54

& g P et 16a351

7 J0.61 19420

=] 2. 84 2302

9 36,02 27 82

10 2653 a0, 08

ks Lidlés wkw

FATLURE SURFACE SPECIFIED BY 11 COORDINATE FOINTS

FOINT X ~SURF Y~ SURFE
MO (FT) (FT)
1 . 00 19,50
2 4,47 17,25
3 9. 26 15,82
4 14,720 15, 24
= 19,22 15. 54
& 24,08 16,70
7 28,67 18. &9
£ 32,83 g P
9 Th.Ab 24,90
10 39,43 28,92
11 40,06 H0.19

R La&1l7 ®%%



FATLURE SURFACE SFECIFIED BY 10 COORDINATE FOINTS

FOINMT X—8URF Y-SURF
LT, (FT) (FT)

1 B TD 19463

2 Tebl 17.04

A 12.39 15. 55

4 1738 15 24

a B2 S0 16.14

& b B 18.18

7 0,81 21.25

o ZE.70 25.18

ey LG RTF 29. 73

160 56,04 E0.06

e 1 620 %¥w

FATLLURE SURFACE SFECIFIED BY 9 COORDINATE FOINTS

FOINT AE-GURF Y—GBLIRF
M), (FT) CFT)
! bab7 19.768
2 1124 17.74
O 164,14 16.72
4 2la 14 16.73
i 26,02 17485
& 2057 1994
7 34,58 BET0
=] I7.87 Eba. bbb
b 39,84 S0 18

Kk Lo&Ed &
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STABILITY ANALYSIS
SECTION 4
CASE 3

EMBANKMENT & POOL LEVEL RAISED TO ELEV. 897,
STEADY SEEPAGE, TAILWATER AT ELEV. 890



| LIF

SIMPLLTFTE

FROBLEM DESCRIFTION

BOLIMDEFY

GOUMDSRY
[HC).

COORDIMNATED

o I
(FT)

" (-:”:]
L. G0
o1
A4, Q0
G0, 00
AL 00
15, 00

D

. (..- -

ETABEILITY

ANAL Y

JARMBLL METHOD
TRREGULAF FATLURE

SURFACES

0F

$07 - SEcTions 3L FMIAAME T
S EE CGNDITIGN%)

FMF STEADY

Y-LEFT
(FT)

19 G0
B0, H0
S5O
0, QU
A5, 00
Ay, 00

20, 00

X

T Gk T
(T

L3 G0
2250
2, 00
A, OO
S5 .00
B .00
G55« 00

N

FIGEHT
(FT)

20y, 06
25400
EH0. 00
BELO0
B8 . 00
Bl .00
20,00

pPALESC TO 227

Tw &, 833’

SOl TYFE

HELOW

O (O T ol ol o O £ IR

BND

/
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DRI TTHE DEHT OF WATER &= &40

FLEECME TR TC SRS CE SOCOORDTRATE FOTMNTE
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FOTHT K= TE R F
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FOCRITICAL FALLURE SURFACE SEARCHING METHOD, USING A RANDOM
TECHNMIGUE FOR GEMERATING CIRCULAR SURFACES, HAS BEEN SPECIFIED.

Lo TRIAL. SURFACES MAVE BEEN GENERATED.

190 SURFACES INITIATE FROM EACH OF 10 POINTS EQUALLY SFACED
ALONG THE GROUND SURFACE BETWEEN X = 00 T,
MDD X o= 1E, G0 FT,

EACH SURFACE TERMINATES BETWEEM X = 40,00 FT.
_aNp X = 55,00 FT.

UMLESES FURTHER LLIFITATIONS WERE IMPOSED, THE MINIMUM ELEVATTION
AT WHICH & SURFACE EXTEMDS I8 v = W0 FT.

W00 FTL LIME SEGHMENTS DEFIME EADH TRIAL FATLURE SURFACE.



FOLLCH I G ek DIEF
FealL e =l ;

FATLURE SURF

POINT
NI

!

FaliluURE SURFACE

FOIMNT
0.

L1

X=BURF
(FT)

9.5

L. 74

N7

1,291

X=alHF
(FT?

1000
14,858

4%, 18
44, 04

1.298

3 %

THE
AT TNED

AOE"SFECTFIED BY 11

¥ -GUIRF

(FT)

R &

SRECIFIED BY 10

¥ -SURF

(=T

1&. 90
18, 04

ey oy

S Qi

a2E0EL
B7.18
E21. 64

HE LG

TEN MOST CRITICAL
THEY @RE ORDERED

COORDINATE FOINTS

COORDINATE

FOTMTS

CF THE
- FOST CRITICAL



Falle

FOTNT

MW

R

Fe T LLJRE

FOINT
MO,

LR

SURFACE

H—=BLIRF

(FT)

16O, 00
l4.51

47 uﬂr
A48, 10

X —~BURF
(FT)

41, A0
44, 4%
Adro &7
47,44

GFECIFIED

By 11

Y- GURF

(FT)

19,8
17735
1&. 48
laa 1y
]( L)
8. 48
.a:.f I
Sk et

SURFACE SFECIFIED RY 12

V- SURFE
(FT)

i / r'v

;ull
x4
dw

30

- '\.’u

CODRDTMATE FOIMTS

COORDIMATE FOINTS



FaTLURE SURFACZE SFECIFIED BY 11 COORDIMATE FOINTS

FOINT A-=SURF Y=SURF
N (FT) (FT)

O 00 194 &7
P03 7 58
1457 L& EE
17.%6 15.96
240 35 Lo 51
29,12 17494
EA. 58 20.21
G iy R R
0. P 2b.95
10 45 54 S 6
Ll 4554 24 A5 .00

e SN s SR8 S S P

~0

EEE 10315 wx®

FeyTLURE SURFAIE SPECTFIED BY 12 COQRDINATE FOINTS

FOTINT K—SURF Y -SURF
RN (FT) (FT)

1 8,33 19,82
i 12,57 17,17
3 L7.026 15. 4%
4 2220 14,46
5 27420 14.91
& SRL04 Lhao18
7 Ay, 53 18,35
2 41, 49 21,40
o 43,76 25.18
10 46,19 29.55
11 47 .70 a4, 3R
B - S 5 EE . 00

ot ¥ L.31d www



FAll.URE SURFACE SFECIFIED BY 10 COORDINATE FOINTS

FOLMT ¥-GLIRF Y-SR
MO (FT) (T

1 10, 00 19.68

2 14,72 18.24

& 19,68 1.7 B8

4} 28,67 17 .84

i LTS | 1909

& H4001 Bl 25

7 ZB.01 24, 26

3 L PR 27,98

? 43,90 Sle 28

10 44. 86 A5 .00

Hip# 1. B2 KEw

FAlLURE SURFACE SFECIFIED BY 12 COORDINATE FOINTS

FOINT X -GLIRF Y-SURF
MCH . (=T (FT)
1 G 7 19476
2 10.80 145,98
i 15,41 1.
4 20,58 14,03
Ei] 25. 52 14 .05
& Bl R 19508
7 B P - i 175
2 38.94 19.85
9 a2, A2 PR
Lid 48, 12 27 . &4
L1 G&. P73 S a0
£ 47« 39 800

s L.228 #ex



FAallURE

FOINMT
(N[N

8
5
1.0
11

*w

Fa X LLIRE

FOLNT
BT

O 8 I b2

4

CForYy
~i

-3 =

AR

i

SURFACE

EURFACE

A-SURF

(FT)

11.67
15. 924
S0, &8
RF. 66
B0, 62
25,08
29 4%
45, 80
45,027
A& .68
Gy e 7T

L. 5305

K—GLURF

(FT)

40, Sk
44,11
47, 0%
49,24
49,70

1,356

BRECIFIED BY 11 COORDIMATE FOIMTS

Y-GURF
(FT)
15 . 55
17,7355

14

1é. 03
17 .83
A0, &4

24,32

25046

00

R

SRECTFIED BY 13 COORDINATE POINTS

Y ~SURF
(ET)H

L7018
L&, 41
14,45
14,30
14, %é
1é&. 4l

5 H
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