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Figure 2. The Muskingum River Basin 

e. Participants and Coordination  

The USACE and the MWCD have a long history of cooperation in the efficient 
management of the Muskingum Basin Reservoir System.  This relationship needs to 
continue and a combined effort by several Federal and state agencies will be 
necessary if revitalization of the reservoir system and solutions to other problems in 
the watershed are to become a reality.  Recent emphasis has been placed on 
partnering actions by various entities in order to share the efforts and cost necessary 
for such a comprehensive undertaking.  A major step in this effort was the formation 
of the Muskingum River Basin Partnering Committee in 2004, which is composed of 
the Federal, State and regional organizations listed below. 

• Buckeye Hills Resource Conservation and Development Council 
• Crossroads Resource Conservation and Development Council 
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Photo 1. Dover Dam is the only concrete structure in the Muskingum Reservoir 
System. 

• Tuscarawas River Sub-Basin 

The Tuscarawas River basin located in the northeastern portion of the Muskingum 
basin has a drainage area of 2,596 square miles.  There are eight reservoir projects 
in the sub-basin, three with large drainage areas and substantial flood storage 
capacities, and five with smaller drainage areas. (Refer to Table 1.)  The smaller 
projects have large conservation pools which provide releases for stream flow, 
storage for future water supply, and relatively large lakes for recreation and fishery 
resources. These eight reservoirs control a drainage area of 1,922 square miles or 
74% of the total drainage area of the Tuscarawas sub-basin. 
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Photo 2. Outlet Tunnel deterioration at Tappan Dam due to Hydrogen Sulfide.  

(4) Gate Deterioration  

There are several projects within the Muskingum Basin that have structural problems 
associated with gates and related features.  These problems are mostly due to the 
age of the structures and include problems with sluice gates, service gates, 
emergency gates and electrical/mechanical equipment such as motors and controls. 
The projects with the most significant gate problems are Atwood, Beach City, Bolivar, 
Charles Mill, Dillon, Leesville, Senacaville, Tappan and Wills Creek Lake.   

The service gates at Bolivar are the most deteriorated of the Muskingum Projects.   
In June 2001, the Corps completed its periodic inspection of the Bolivar project and 
found the gates were severely corroded with significant section loss including several 
holes in the lower portion of the gate panels.  Project personnel also indicated 
several functional problems with the gates at Bolivar.  For instance, one of the gates 
would not close properly, was approximately 6 inches off the sill and therefore had a 
significant amount of flow beneath it.  The problem could be caused by the slow 
movement of the gates, consequently raising and lowering the gates could correct 
the problem. However, the general assessment of the Bolivar gates indicated that 
repair or replacement would be necessary in the near future.    
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Photo 3. Service gate deterioration at Bolivar Dam. 

Leesville is another project with extensive deterioration of the sluice gates and gate 
liners. In a 1993 inspection, Leesville showed problems associated with corrosion 
and it was recommended that the lower portion of the gate and liners be replaced. 
Bolivar and Leesville are examples of the numerous structural problems related to 
gate features in the Muskingum Basin.   

(5) Spillway Erosion 

Erodability of spillways is a problem at several of the Muskingum projects and is one 
of the deficiencies considered under the DSA program.  Erosion of the unlined 
portions of spillways is of the most concern at Piedmont, Pleasant Hill and Tappan.  
An erodability analysis for Piedmont Dam indicated that the spillway foundation 
consists of fractured claystone which is susceptible to headcut erosion.  Further, that 
during a rare flood event (75% Probable Maximum Flood) the unpaved portion of the 
spillway would erode breaching the paved spillway crest.  This occurrence could 
cause the loss of the reservoir pool and result in significant destruction downstream 
of the dam. Plans to correct this deficiency include the construction of a 30-foot wide 
concrete cutoff wall down to bedrock at the downstream end of the spillway crest.  
Erodable rock in the unlined portions of the spillway is the major concern at both 
Pleasant Hill and Tappan. Geotechnical studies have been recommended for each 
of these projects to determine the extent of the problem and potential remedial work 
required. 
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(6) Relief Wells 

All dams with impounded pools have some degree of under seepage.  Seepage can 
emerge on the downstream face of the dam or anywhere at elevations below normal 
pool due to hydrostatic pressure of impounded water.  Relief wells provide a means 
to reduce the pressure that could potentially threaten the stability of the dams. Relief 
wells have been installed at most projects within the Muskingum Basin.  However, 
from data in the Periodic Inspection Program it has been determined that the relief 
wells are becoming plugged due to iron and sulfate reducing bacteria.  Due to 
funding constraints the last major maintenance on any of the relief wells was 
conducted in 1994.   

The January 2005 flood highlighted concerns on the severity of under seepage at 
several projects within the Muskingum.  Clendening, Dillon, Leesville, Piedmont, 
Senacaville, Tappan and Wills Creek also have significant concerns with dam 
seepage and the functionality of relief wells.  Seepage was such a concern at Beach 
City, Mohawk and Bolivar during the 2005 flood event that emergency filter blankets 
were installed at areas where sand boils developed through the foundation beneath 
the dam embankment. (See Photo 4.)  The filter blankets were installed as a 
temporary emergency procedure.  

Photo 4. Sand Boil at Beach City Dam. 
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of Zoar, Mineral City, Yorkshire Zoarville, and Wiltshire Hills were isolated for several 
days and the county school system was closed 12 days due to impounded flood 
water. Even the access road to Bolivar Dam was closed by high water and the 
project isolated for a short time.  In total, about 6,500 residents of Tuscarawas 
County were affected by record pools at Dover, Bolivar and Beach City reservoirs.  
Highways also were inundated in the Dillon Pool, Muskingum County, and a 
secondary road in the Atwood pool, Carroll County. 

Photo 6. During the January flood event many roads, like Route 60 above Dillon 
Dam shown here, were inundated as the pools rose to record heights.  Although 
within the flowage easements, the record high pools caused many residents to be 
trapped in their homes because roads were underwater. 

In an effort to lower the reservoir pools and restore highway access as soon as 
possible, releases from reservoirs became a critical issue.  During the January 2005 
flood, releases were made in accordance with the originally established downstream 
control stages, with a few exceptions where dam safety was an issue.  Over the past 
20-30 years, control stages have been lowered at some locations to protect 
development which has occurred in the floodplains below the 100-year flood level, 
however, control stages were not lowered in January 2005.  At a few locations, such 
as below Dover Dam near New Philadelphia and at Zanesville on the mainstem 
Muskingum River, several homes which are located in the floodplain were damaged 
by reservoir releases. However, only a few structures were seriously affected and 
these are located below the 100 year flood level.   

In addition to structural problems at dams, there were other problems at appurtenant 
facilities, particularly levees. For example, at Zoar Levee in the Dover pool there 
were problems where sand boils were observed along the inside of the embankment.  
Seepage also was detected at the Pavonia Levee in the Charles Mill pool.  The 
seepage was related to a utility line crossing the levee and did not present a 
significant problem. 
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Figure 7. Proposed Modification of Intake Structure to Minimize Effect of Hydrogen 
Sulfide. 

(1) Managing Lake Sediment 

One of the big challenges of ecosystem restoration in the Muskingum Basin is 
controlling sedimentation in the rivers and lakes.  Sedimentation has adversely 
affected several of the Muskingum lakes, with the most serious problems occurring at 
Beach City, Wills Creek, and Dillon Lakes. For example, sediments have closed two 
boat launching ramps and a popular swimming area in Dillon Lake.  (See Photo 7.) 
Doing nothing about the widespread problems is not an acceptable option, since 
remedial measures undoubtedly will be necessary over the next 50 years at some 
projects. Locating and addressing the sources of deposition in the streams above 
the lakes may provide the most beneficial long-term solution.  However, the approach 
may be cost prohibitive. 
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Photo 7. Dillon Lake Boat Launching Ramp Closed due to Sedimentation. 

The potential for bank erosion could be reduced by implementation of stream 
channel setbacks and restoration of the riparian zone.  Riparian corridors could be 
established by acquiring easements along both sides of the streams, where the 
riparian buffer would vary in width depending on the size of the upstream 
watersheds, from a minimum of 50 feet up to 200 feet.  Many of these channel 
stabilization techniques are currently being investigated as part of the Licking River 
Watershed Ecosystem Restoration Study and could have applicability to other 
watersheds throughout the Muskingum Basin. The source of much of the 
sedimentation is bank and channel erosion in the watersheds above the lakes.  In 
order to help reduce erosion, several bank stabilization measures will be evaluated in 
future studies.  These measures could involve a bioengineering application, using 
materials such as coil fabric revetment, live willow stakes and other bank plantings.  
Live crib walls of stacked timbers, filled with earth and stone materials, and planted 
with regional vegetation, may have application for some situations.  More traditional 
stream bank revetment using gabions or rip-rap may be the most effective technique 
in reaches around public infrastructure and other facilities. If there is an entrenched 
channel with erosion in the stream bottom, restoration may require excavation and 
regrading of bank material to create more stable channel slopes and provide 
additional flood carrying capacity beyond the limits of the existing channel.  Also, 
incorporating natural channel design features such as increasing sinuosity by adding 
meanders and oxbows, or by introduction of pools and riffles in a stream, could 
reduce the stress on the banks and diminish bank erosion.   

Another alternative that could help manage the deposition of sediment in the lakes 
involves the installation of sediment training devices such as geotubes.  (See the 
illustration at Figure 8.) 
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Photo 9. Geotube with established vegetation sometime after placement. 

Another option for sediment management is to actually remove material from the 
lakes by dredging. Sediment removal in large quantities necessary to return lakes to 
their original depths is probably not feasible as investigations have indicated at Dillon.  
However, it is anticipated that dredging on a more limited scale will be investigated at 
several Muskingum reservoirs.  The following is a summary of sedimentation data at 
each of the lakes. 

•	 Atwood – The latest sediment survey for Atwood Lake was in 1999 and the 
report was published in 2002. At the time of the 1999 survey, the estimated 
sediment volume below seasonal pool (elevation 928 feet) was 3,230 acre-
feet as compared to an original seasonal pool volume of 24,250 acre-feet.  
The sediment volume is equivalent to a 13 percent loss in lake storage 
capacity between April 1940 and May 1999. The rate of sedimentation was 
computed to be 54.6 acre-feet per year or 0.81 acre-feet per year per square 
mile of contributing drainage area.  At that current sedimentation rate, it would 
take approximately 385 years to deplete the remaining seasonal pool 
capacity. 

•	 Beach City – The latest sediment survey for Beach City Lake was in 1993 and 
the report was published in 1995.  At the time of the 1993, survey the 
estimated volume below the flood control pool (elevation 976.50 feet) was 
5,911 acre-feet as compared to an original flood pool volume of 71,700 acre-
feet. The rate of sedimentation at flood control pool was computed to be 104 
acre-feet per year or 0.36 acre-feet per year per square mile of contributing 
drainage area. For all practical purposed, the minimum pool capacity (below 
elevation 948 feet) has been completely depleted from its original capacity. 

•	 Bolivar – There is no data available. 
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(2) Watershed Ecosystem Restoration 

The Muskingum Basin is a large basin and it has many environmental problems and 
needs. To facilitate formulation of alternatives for such a matrix of problems, analysis 
has been focused on four general categories of problems and needs: Acid Mine 
Drainage (AMD), stream erosion, riparian degradation, and water and sewer 
deficiencies. The following paragraphs discuss alternatives that are likely to be 
investigated because they have the greatest potential for solving the major 
environmental problems and restoring the ecosystem. 

AMD is prevalent throughout the Muskingum Basin, as several hundred sites have 
already been identified. (See Photo 10.)  The Corps recently has completed and 
ecosystem restoration study on Monday Creek in the adjacent Hocking River Basin 
which evaluated a number of potential measures for reducing and controlling AMD.  
Several of these measures appear to have application in the Muskingum Basin, 
particularly on a stream with major AMD problems such as Moxahala Creek.  The 
general approach for AMD remediation is to use alkaline materials to neutralize the 
acidic content of rivers and streams.  This can be accomplished by using either 
active measures, which require continual maintenance, or passive measures which 
generally are self sufficient and have a much longer design life. Active measures 
include dumping limestone in streams by the truckload and adding additional 
limestone as the fines dissolve, or constructing a more permanent facility which 
provides alkaline materials to a stream on a regular basis by limestone dosing.  
Passive measures include construction of buried limestone drains designed to limit 
oxygen contact with acid mine drainage (anoxic) or open limestone drains or 
channels on steep slopes that will precipitate metals from the acid water.  Wetlands 
can be developed which would help neutralize AMD. These wetlands would use 
vegetation planted in shallow, impermeable sediments of clay or mine spoil, in 
conjunction with permeable organic mixtures underlain with limestone.  Restoration 
projects involving use of wetlands to reduce AMD have been completed by the Corps 
on Wills Creek upstream of the reservoir and by the Ohio DNR on Huff Run.   

Photo 10. Acid Mine Drainage Site Located within the Muskingum Basin. 
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Figure 9. Muskingum Stream and Precipitation Gages 

5. Preliminary Cost Estimate 

The Muskingum reservoirs have been operated much the same since their 
construction in the 1930s. Demand on these projects has increased and has 
compounded with age, while operation and maintenance funding has remained 
relatively the same.  Short-term fixes, funded from limited revenue sources, have 
managed to keep the system functional.  But some features no longer provide for 
public safety as originally authorized so now revitalization – not simply maintenance – 
is required. The Corps has identified hundreds of projects, large and small, many of 
which are critical to public and environmental safety.  A comprehensive infrastructure 
report (Appendix A) has been prepared listing structural deficiencies of each of the 16 
flood control projects. The preliminary cost estimate for correcting these structural 
deficiencies is $553 million and a summary breakdown of this figure, by problem area, 
is given in Table 8 under the heading “infrastructure”.   

As a first step in correcting many of the basin’s structural deficiencies, detailed 
mapping will need to be developed. Therefore, a GIS, Mapping and Surveying Plan 
were developed as part of this study.  The plan identifies the stream reaches to be 
mapped, the priority of the reaches, and the level of detail required.  The estimated 
cost for surveying and mapping limited study areas within the Basin is $18 million and 
this does not include LIDAR. This cost is part of the $553 million identified under the 
infrastructure heading below and the GIS, Mapping and Surveying Plan can be found 
at Appendix F. 
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