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I. INTRODUCTION

This manual was prepared in accordance with Section 1501:21-15-06 of the Ohio Laws and
Administrative Rules for Issuing Construction Permits for and Making Periodic Inspections of Dam:s,
Dikes, and Levees. It is intended to assist the owner in regular operation, maintenance, and inspection

activities.

The Roaming Rock Shores Lake Dam has been conservatively designed and carefully
constructed; however, small problems can develop over time. Experience has shown that some of these
small problems can become major problems if corrective measures are not promptly taken. The main
intent of this manual, therefore, is to provide the guidelines for a regular operation, maintenance, and

inspection program that will detect problems at an early stage so that they can then be corrected.

Much of the information in this manual has been based on a publication issued by the Ohio
Department of Natural Resources (ODNR), Division of Water, Dam Inspection Section. The title of this
publication is Operation, Maintenance and Inspection Manual for Dams Dikes and Levees. In addition to
providing basic recommendations for operation, maintenance, and inspection procedures, the publication
gives a great deal of background information, including causes of dam failures, common problems and
solutions, a glossary of dam-related terms, and reference to organizations and bureaus which can provide

information and advice. It is a valuable publication to have as an adjunct to this manual.

A. Project Description

Roaming Rock Shores Lake Dam is owned by the Village of Roaming Shores, Ohio and is
located in southwest Ashtabula County, Ohio. Exhibit 1 shows the location of the dam. The dam is
approximately 0.4 mile upstream of the Village of Rock Creek and controls a drainage area of 73.5 square
miles. Roaming Rock Shores Lake is the largest private lake in Ohio with more than 19 miles of

shoreline.

The dam is a 45-foot high, 730-foot long earthfill embankment dam constructed in 1967.
Exhibit 2 is a plan view of the dam. The outlet works consists of a principal, auxiliary, and emergency
spillway, as well as a 30-inch lake drain. The principal spillway is a 180-foot concrete ogee weir located
on the left end of the embankment with a crest elevation of 850.0, corresponding to 6,091-acre-feet of
storage. The auxiliary spillway is a 110-foot concrete ogee weir located on the right end of the

embankment with a crest elevation of 852.0, corresponding to 7,200-acre-feet of storage. The emergency
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spillway is an 80-foot wide open channel located to the right of the auxiliary spillway, with a crest
elevation of 854.0, and corresponding 8,300-acre-feet of storage. The top of the dam is at Elevation 861.0
with a capacity of 12,000-acre-feet of storage. The outflow discharges into Rock Creek and flows

2.4 miles before joining the Grand River. Three piezometers, identified as P-1, P-2, and P-3, are located

on the downstream side of the dam for monitoring seepage through the earthen embankment dam.
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II. OPERATION PLAN

A.

Emergency Conditions

If any of the following conditions occur or appear imminent, the Emergency Action Plan

(separate document) should be implemented immediately.

October 2008

l. Overtopping or nearly overtopping.

2. Piping through the embankment, spillway, or foundation.
3. A large slide in the embankment.

Records

Accurate records should be kept of the following items:

1. Maintenance and major repairs (see Appendix A).

2. Specific observations and changes recorded and photographs taken during

normal inspection periods (see Appendix B).

3. Daily reservoir water level gage readings.

4, Date, hour, and maximum elevation of extreme high water occurrences and the

associated rainfall.

5. Amount, rate, and reasons for drawdown.
6. Monthly and flood event piezometer readings.
7. Complete and up-to-date set of as-built plans and specifications which show all

changes made since the completion of the dam.
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10.

Visual observation of the horizontal and vertical alignment on an annual basis. If

needed, the alignments should be surveyed to verify any changes.
Seepage location, quantity (if possible), content of flow, and size of wet area for
later comparison. V-notch weirs can usually be constructed to collect and

measure flow rates.

Erosion location and extent of erosion for later comparison.

Reservoir Level Monitoring

1. The Village has installed reservoir level staff gages on the principal and auxiliary
spillways at locations that can be read during all types of weather and flow
conditions. The gage “zero” reading is at the crest of the principal spillway.

2. The reservoir level staff gage(s) shall be read daily and the reading shall be
recorded on a copy of the forms included in Appendix A.

3. The reservoir level staff gage shall be read and recorded hourly when the depth
of water over the principal spillway exceeds three feet.

Piezometers

1. Three piezometers, which are generally located along the center of the dam, have

been designated P-1, P-2, and P-3; with P-1 located near the crest of the dam, P-2

located at the middle of the dam, and P-3 located near the dam’s toe.

All of the piezometers consist of 1-inch diameter aluminum risers, which are
protected by an iron pipe cover. The presence of hollow plastic tubing adjacent
to the riser pipes at each location is a likely indication that some type of multiple-
tip hydraulic or pneumatic piezometer was installed adjacent to, or possibly
within, the aluminum standpipes. Based on the condition of the plastic tubing,

the hydraulic or pneumatic piezometers are not believed to be functional.



F.
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Water levels in the piezometers should be determined and recorded on a monthly
basis to monitor changes in the pore pressures within the dam. Water levels
should be measured to the nearest tenth of a foot. A form for recording the

piezometer readings is provided in Appendix A.

In addition to monthly monitoring, the piezometers should be monitored during
and after periods of high reservoir levels (greater than 1 foot of water over the
principal spillway). If levels within the dam rise more than 2 feet during a flood

event, contact a Professional Engineer for evaluation of the recorded data.

All piezometer monitoring must be done with regard to the safety of the
personnel performing the monitoring. Personnel shall cease monitoring activities
if weather conditions become hazardous (i.e., lightning), if failure of the dam is

imminent, or if safe exit from the embankment will be cut off by flood flows.

Drainage Scheme

The lake drain should be opened and closed at least twice a year to ensure it

remains operative.

Operating instructions should be checked for clarity and maintained in a secure,

but readily accessible, location.

Leakage has been observed from the lake drain. Village staff indicates that the
seepage is from the outlet gate valve and that the valve generally seals tightly
about a week after closure. The leakage will be monitored as a part of semi-

annual inspections.

Safe Rate of Reservoir Drawdown

Deliberate drawdown beyond normal operational requirements should typically
not exceed 1 foot per week, except for emergency situations. Because the lake
drain is capable of draining approximately 2 feet of water per week, the drain

should be monitored to limit the rate of drawdown to 1 foot per week. Faster



drawdown rates could cause sloughing of the embankment’s upstream slope or

valley walls and may be required under emergency conditions.

G. Vandalism

1. “No Trespassing” signs should be posted where appropriate. Railings or fences

and warning signs should be erected around dangerous areas.

October 2008 8



III.

October 2008

MAINTENANCE PLAN

A.

Vegetation

Grass areas should be mowed at least twice per year; however, it is desirable to

mow more frequently to reduce the amount of cut.

Paths created by pedestrian, vehicular, or animal traffic should be minimized, and

any barren areas which develop should be seeded.

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

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

embankment vegetation.

Vegetation should not be permitted to grow in cracks or joints in concrete

portions of the principal and auxiliary spillways and their discharge chutes.

Tree and brush growth in the creek channel downstream of the plunge pool

should be minimized.

Erosion

Promptly repair any eroded areas on the embankment to prevent more serious

damage to the embankment (see Section III.A. Vegetation).

Erosion in large gullies can be slowed by stacking bales of hay across the gully

until permanent repairs can be made.



3. Eroded areas in the valley wall should be repaired to prevent more serious

damage (see Section III.A. Vegetation).

4, Causes of erosion should be eliminated. Surface drainage should be spread out in

thin layers as sheet flow.

C. Seepage

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

be obtained.

2. Prior inspections by ODNR have noted seepage at weep holes, a wet area

downstream of the inverted filter, and at the end of the auxiliary spillway chute.

3. Maintain written records of seepage (see Section II.B. Records).
D. Cracks, Slides, Sloughing, and Settlement
1. Cracks, slides, sloughing, and settlement are signs of embankment distress and

indicate that maintenance or remedial work is necessary.

2. A Professional Engineer should determine the cause of stress before any repairs

are made. Maintain written records of repairs (see Section II.B. Records).

E. Rodent Control

1. Activities of rodents, such as the groundhogs, muskrats, and beavers can
endanger the structural integrity and proper performance of an embankment.
Groundhogs and muskrats burrow into an embankment, thereby weakening it
and creating seepage paths. Rodent control is therefore essential for a well-
maintained dam. Refer to ODNR Fact Sheet 94-27, Rodent Control, in
Appendix D, for further information.
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2. The damage caused by burrows should be immediately repaired by backfilling
the burrow. A method for backfilling by mud packing is described in ODNR
Fact Sheet 94-27, Rodent Control, in Appendix D.

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

F. Debris

1. Debris should be removed from the principal, auxiliary and emergency spillways

and their discharge channels. Caution should be used during high lake levels.

2. Debris should be removed from near the lake drain intake to minimize the

likelihood of debris entering the drain.

G. Mechanical Equipment

1. All mechanical equipment should be checked periodically and maintained in

proper working order.

2. The lake drain operating mechanism should be lubricated one time per year.

3. The lake drain should be inspected and then entirely opened and reclosed two
times per year (i.e., once in the spring and once in the fall) to assure its proper

operation.

4. It is known that the lake drain sluice gates leak. It is important to maintain
documentation regarding the amount of seepage occurring and whether it has

changed with respect to previous inspections.

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

October 2008 11
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Replace sealant missing from construction/expansion joints along the dam, the

discharge chutes, and associated concrete structures.

Clean out weep holes on vertical concrete walls of the principal and auxiliary

spillways annually to assure that they remain able to flow freely.

Movement of concrete walls or spillway chute concrete slabs should be evaluated
by a Professional Engineer to determine the cause and to develop corrective

measures.

Piezometers

In a January 23, 2006 letter to the ODNR, Burgess & Niple, Inc. (B&N) stated
that the piezometers are “functional and responsive to some degree” and
recommended that they not be abandoned or rehabilitated. It is recommended the
Village replace the old iron covers with locking lid protective covers in order to
preserve the integrity of the piezometers in their current state. This will prevent
the aluminum standpipes from exposure, damage from lawn-mowing equipment,

and potential vandalism.
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Iv. INSPECTION PROGRAM

A. Purpose

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

B. Personnel

The same personnel should perform all regular semi-annual dam inspections to maintain

consistency in reporting as well as familiarity with the structure.
C. Informal Inspections
A brief, informal inspection to ensure that the principal, auxiliary, and emergency spillways and
their discharge chutes are unobstructed, no earth slide has occurred, and no seepage is present should be
made at least twice per month and after every significant rainfall event.
D. Periodic Inspections
1. Periodic inspection of the dam is extremely important. An inspection should be
made at least twice a year by Village personnel, once in the summer and once in
the winter, and by a Professional Engineer at least once every 5 years.

2. Inspection instructions and a checklist are found in Appendix B.

3. The inspection procedures and findings must be documented in writing. These

semi-annual inspection reports should be maintained for a minimum of 10 years.

October 2008 13



October 2008

If problems are found during a period inspection that may affect the integrity of
the dam, the Emergency Action Plan for the dam shall be followed for the
appropriate emergency condition (A, B, or C) and the indentified problems shall
be placed under increased surveillance and scheduled for repair as appropriate.

See also Appendix C for additional guidance.
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V. OWNER’S REVIEW

This Operation, Maintenance, and Inspection Manual was prepared for Roaming Rock Shores
Lake Dam. I have read the Manual on behalf of the Village of Roaming Shores and understand the
actions that will be required of the Village, and acknowledge that the information contained herein is

accurate as of the date of my signature.

(Signature) Date

Chip Laugen
Fire Safety Officer

October 2008 15



APPENDIX A
DAM AND MAINTENANCE MONITORING RECORDS
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ROAMING ROCK SHORES LAKE DAM
DAM MAINTENANCE RECORD

FOR YEAR
Maintenance Date Initials Comments™
1. Cut/mow grass and clear brush
2. Cut/mow grass and clear brush
3. Cut/mow grass and clear brush
4. Cut/mow grass and clear brush
5. Lubricate lake drain operator
6. Operate lake drain mechanism
7. Operate lake drain mechanism
8. Remove debris from principal,
auxiliary, and emergency spillways
9. Repair eroded areas
10. Clean out weep holes
11. Concrete repair (describe)
12. Repair rodent damage
13. Other (Piezometer)
14. Other (specify)
15. Other (specify)
@Use additional sheets if necessary.
Signature
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APPENDIX B
DAM INSPECTION INSTRUCTIONS
AND
DAM INSPECTION CHECKLIST
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A. Dam Inspection Instructions

October 2008

ChecKklist

Inspectors and others should include names and affiliations.

Weather and site conditions should include weather conditions and the condition
of the ground surface (i.e., wet, snow covered, dry, etc.), at the time of the

inspection.

The lake level should be the pool level recorded at the time of the inspection.

The water level measurement in the piezometers should be read each time the
dam is inspected, both formally and informally. The overall physical condition
and any sediment present should be recorded for each of the piezometers. To
measure the water level, remove the iron cap and measure the water level from
the bottom of the piezometer. The three piezometers, their approximate

locations, and depth are listed below:

e Piezometer P-1- Located approximately 8 vertical feet below the crest of the
dam. The bottom of the piezometer has been recorded at -29.4 feet below the

top of the riser pipe.

e Piezometer P-2- Located approximately 10 vertical feet above the toe of the
dam. The bottom of the piezometer has been recorded at -13.3 feet below the

top of the riser pipe.

e Piezometer P-3- Located in the relatively flat, rip-rapped area approximately
25 feet from the toe of the dam. The bottom of the piezometer has been

recorded at -8.7 feet below the top of the riser pipe.

Check the appropriate box along the left-hand side as that item is inspected.

Check the appropriate box for the REQUIRED ACTION. Obvious problems will

require maintenance. Monitoring will be recommended if there is potential for a



2.

3.
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Notes

problem to occur in the future. An engineer is necessary if the reason the

problem is occurring is not obvious. More than one box can be checked.

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

recommended.

Sketches and Field Measurements

Explanatory sketches, measurements of cracks, settlement, and additional

explanation of observations should be placed on these pages.

Definitions:

u/S Upstream

D/S Downstream

Groin Intersection of embankment face with the valley abutment.



INSPECTION CHECKLIST

ROAMING ROCK SHORES LAKE DAM
DAM CLASSIFICATION: |
ODNR FILE NO. 1506-001
VILLAGE OF ROAMING SHORES, OHIO
ASHTABULA COUNTY, MORGAN TOWNSHIP

Date:

Time:

Weather and Site Conditions:

Inspectors:

Others:

Lake Level (Normal Pool El. = 850.00)

Piezometer Readings:
ID Location Reading

Piezometer P-1 8 vertical feel below crest of dam

Piezometer P-2 10 vertical feet above toe of dam

Piezometer P-3  Flat rip-rapped area 25' from toe of dam

(2) Use additional sheats if necessary. 10f3

October 2008

Sediment
Present?



Date;

ROAMING ROCK SHORES LAKE DAM

SPILLWAYS-DRAINS-OUTLETS

Actions

Check Area as
Inspected

Check/Circle Condition Noted

Observations™

Repair

Monitor

Investigate

Principal Spillwa

Debris buildup at weir

O Spillway Cracks/deterioration/spalling
Tilting/movement of sidewalls
Cracks/deterioration
O Outlet Seepagelpiping__
Tilting/movement of sidewalls
Channel and -
- . Undercutting
Stilling Basin >
Erosion
Debris
Debris buildup at weir
O Auxiliary Cracks/deterioration/spalling
Spillway Tilting/movement of sidewalls

Tilting/movement of sidewalls

Emergency Spillway

Vegetation/cover
O All Areas Erosion
QObstructions
Lake Drain
Gates/valves
. Quilet area
0 30-inch —
Diameter Lake Operability
Drain Seepage
Flow amounts
Flow clear/muddy
Other Qutlets
Gates/valves
QOutlet area
Operability
Flow amounts
O Toe Drain Flow clear/muddy

General Comments, Sketches & Field Measurements

(2) Use additional sheets if necessary. 20f3
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ROAMING ROCK SHORES LAKE DAM

Date:

EARTHEN EMBANKMENT Actions
a3
1HE
: e
Check Area as o 2 'é
Inspected Check/Circle Condition Noted Observations™ E

Vegetation/erosion

= Usplzlream Sloughs/beaching/slides/cracks
pe Undermining/erosion
Vegetation/erosion
O Crest Ruts/erosion

Cracks/settlement

O Downstream

Vegetation/erosion

Rodent burrows

Slope Sloughs/slides/cracks
Seepage wetness
Erosion
O Groins Seepage/wetness
Cracks/slumps
O Toe Seepage/wetness
O Weep Hole- Approximate size
Immediately Flow amounts? Increased?

downstream of
inverted filter

Flow clear/muddy

Instability on/near embankment

O Weep Hole- Approximate size
Seepage at end Flow amounts? Increased?
of auxiliary Flow clear/muddy
spillway Instability on/near embankment
Approximate size
O New Weep Flow amounts? Increased?
Holes Flow clear/muddy

Instability on/near embankment

General Comments, Sketches & Field Measurements

{a) Use additional sheets if necessary. 30f3
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APPENDIX C
DAM INSPECTION GUIDELINES
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APPENDIX C
DAM INSPECTION GUIDELINES

The following Dam Inspection Guidelines are taken from the FEMA document, Dam Safety: An

Owner’s Guidance Manual, FEMA 145, August 1987. This excerpt is included in this manual for

informational purposes so that potential problems are more easily identified and resolved.
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FEDERAL EMERGENCY MANAGEMENT AGENCY FEMA 145 / August 1987

DAM SAFETY:
AN OWNER'S GUIDANCE MANUAL




FEDERAL EMERGENCY MANAGEMENT AGENCY

DAM SAFETY:
AN OWNER’'S GUIDANCE MANUAL

By The Colorado Division of
Disaster Emergency Services (DODES)

Funded By
Federal Emergency Management Agency
State and Local Programs and Support Directorate

Under
Comprehensive Cooperative Agreement #EMD-K-0089

July 1987
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APPENDIX D
ODNR FACT SHEETS

The following ODNR Fact Sheets are included in this manual for information purposes.

Additional Fact Sheets are available at the ODNR website or from ODNR.

Fact Sheet No. Title
93-26 Lake Drains
94-27 Rodent Control
94-28 Trees and Brush
94-30 Earth Dam Failures
94-31 Seepage through Earthen Dams
94-32 Concrete Repair Techniques
94-33 Inspection of Concrete Structures
98-49 Open Channel Spillways (Earth and Rock)
99-51 Outlet Erosion Control Structures (Stilling Basins)
99-52 Upstream Slope Protection
99-53 Embankment Instabilities
99-54 Ground Cover
99-55 Spillway Conduit System Problems
99-56 Problems with Concrete Materials
99-57 Problems with Metal Materials
99-59 Open Channel Spillways (Concrete Chutes and Weirs)
02-63 Remediation Alternatives
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Ohio Department of Natural Resources
Division of Water Fact Sheet

Fact Sheet 9326

Dam Safety: Lake Drains

lake drain is a device to permit draining a reservoir, |

lake or pond, Division of Water Administrative |

Rule 1501:21-13-06 requires that all Class 1, Class
IT and Class III dams include a lake drain,

Types of Drains
Common types of drains include the following:

® A valve located in the spillway riser,

¢ Aconduit through the dam with a valve at either the
upstream or downstream end of the conduit,

¢ A siphon system (Often used to retrofit existing

dams).
® A pate, valve or stoplogs located in a drain control
tower,
Uses of Drains

The following situations make up the primary uses of

lake drains:

Emergencies: Should serious problems ever ocour [o
threaten the immediate safety of the dam, drains may be
used to lower the lake level to reduce the likelihood of dam
failure, Examples of such emergencies are as follows: clog-
ging of the spillway pipe which may lead to high lake levels
and eventually dam overtopping, development of slides or
cracks in the dam, severe secpage through the dam which
may lead to a piping failure of the dam, and partial or total
eollapse of the spillway system.

Maintenance: Some repair items around the lake and dam
can only be completed or are much easicr to perform with
alower than normal lake level. Some examples are: slope
protection repair, spillway repairs, repair and/or installa-
tion of docks and other structures along the shoreline, and
dredging the lake.

Winter Drawdown: Some dam owners prefer to lower the
lakee level during the winter months to reduce ice damage
to structures along the shoreling and to provide additional
Moot storage for upcoming spring rains.  Several repair
items arc often performed during this winter drawdown |
period. Periodic luctuations inthe fake levelalsodiscourage |
muskratand beaver habitation along the shoreline, Muskrat |
burrows in carthen dams can lead to costly repairs. |

Common Maintenance Problems
Commeon problems often associated with the maintenance
and operation of lake drains include the following:

# Deteriorated and bent control stems and stem
guides.

Deterviorated and separated conduit joints,
Leaky and rusted control valves and sluice gates,
Deteriorated ladders in control towers,

Deteriorated control towers,

* & & & &

Clogging of the drain conduirl inlet with sediment
and debris,

Inaccessibility of the controlb mechanism to oper-
ate the drain,

Scepage along the drain conduit,

Erosion and undermining of the conduit discharge
ared because the conduit outlets signilicantly
above the elevation of the streambed.

Vancdalism,

Development of slides along the upstream slope of
the dam and the shoreline caused by lowering the
lake level too guiclkly.

Operation and Maintenance Tips

A, All gates, valves, stoms and other mechanisms should
be tubricated according tothe manufacturer’s specifica-
tions. If you do not have a copy of the specifications
and the manufaciuring company can not be determined,
then a local valve distributor may be able to provide
assistance.

| B. The lake drain should be operated at least twice a year

to provent the inlet from clogzing with sediment and
debris, and to keep all movable parts working easily.
Most manufacturers recommend that gates and valves
be operated at least Fourtimes per year, Frequentopera-
tion will help to cnsure that the drain will be operable
when it 1s needed. Al valves and gates should be fully
opencd and closed at least twice to help Aush out debris
and to obtain a praper seal. If the zate gets stuck in a
partially opened position, gradually work the gate in

Continued on back!
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each direction until it becomes fully operational, Do |
not apply excessive torgue as this could bend or break |

the control stem, ordamage the valve or gate seat. With
the drain fully open, inspect the outlet arca for fow
amounts, leals, erosion and anything unusual.

All visible portions of the lake drain system should

be inspected at feast annually, preferably during the |

periodic operation of the drain. Look for and make

note of any cracks, rusted and deteriorated pants, leaks, |
bent control stems, separated conduit joints or unusual |

observations.

Aproperly designed lake drain should include a headwall |
near the outlet of the drain conduit to preventundermin- |

ing of the conduit during petiods of flow. A headwall |

can be easily retro-fitted to an existing conduit if un- |
dermining is a problem at an existing dam. A properly |
designed layer of rock riprap or other slope protection
i onevaluating the condition of the lake drain system see the

- “Spillway Conduit System Problems”, “Problems with Metal
Drvain control valves and gates should always be placed |

upstream of the centerling of the dam. This allows the |
drainconduitto remaindepressurized exceptduring use, |
therefore reducing the likelihood of seepage through the |
conduit joints and saturation of the surrounding earth |

will help reduce erosion in the lake drain outlet area,

fill.

For accessibility ease, the drain control platform should
be located on shore or be provided with a bridge or
other structurc. This becomes very important during

emergency situations if high pool levels exist.

Yandalism can be a problem at any dam. Ifa lake drain |
is operated by acrank, wheel orother similar mechanism, |
locking with & chain or other device, or off-site stornge
may be beneficial, Fences or other such installations

may also help to ward off vandals,

The recommended rate of lake drawdown is one foot
or less per week, except in emergencies. Fast draw-
down causes a build-up of hydrostatic pressures in the |

upstream slope of the dam which can lead 1o slope

failure. Lowering the water level slowly allows these |

prassures to dissipate.

Ted Strickland Gavernor =

Sean 0. Logan Dirgctar  »

Monitoring
Monitoring of the fake drain system is necessary to detect

problems and should be performed at least twice a year or

more frequently if problems develop. Proper veatilation
and confined space precautions must be considered when
entering a lake drain vault or outlet pipe. Items to be con-
sidered when monitoring a lake drain system include the
stem, valve, outlet pipe and related appurtenances, Moni-
toring for surface deterioration {rust), case of operation,
and leakage is important to maintain a working fake drain
system, [IF the stem or valve appears (o be inoperable be-
cause of deterioration or if the operability of the lake drain
system is inquestion, because the valve does notcompletely
close (seal) and allows an excessive amount of leakage,
then a registered professional engineer or manutacturer’s
representative should be contacted.  Photographs along
with written records of the monitoring items performed
provide invaluable information.  For further information

Materials™, “Problems with Plastic (Polymer) Materials™,
and “Problems with Concrete Materials™ fact sheets,

Conclusion
An aperable fake drain accomplishes the following:

. Makes for a safer dam by providing a method to
tower the lake level in an emergency situation.

2. Allows the dam owner to have greater control of
the lake level for maintenance, winter dravdown
and emergency situations.

3. Meets the requirements of the Ohio Dam Safety
Laws,

Any other guestions, comments concerns, or fact sheet
requests, should be divected to the Division of Water at
the following address:

Ohio Department of Natural Resources
Division of Water
Dam Safety Engineering Program
2045 Morse Road
Columbus, Ohio 43229-6693
Voice: (614) 265-6731 Fax: (614) 447-9503
Website: http://www.dnrstate.oh.us/water

Deborah Hoffrman Chief
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Ohio Department of Natural Resources
Division of Water Fact Sheet_

Fact Sheet 94-27

Dam Safety: Rodent Control

adents such as the groundhog (woodchuck), musk-

rit, and beaver are attracted to dams and reser-

voirs, and can be quite dangerous to the structural
integrity and proper performance of the embankment
and spillway, Groundhog and muskral burrows weaken
the embankment and can serve as pathways for seep-
age, Beavers may plug the spillway and raise the pool
level, Rodent control is essential in preserving a well-
maintained dam.

Groundhog

The groundhog is the largest member of the squirrel
family, Its coarse fur is a grizzled grayish brown with
a reddish cast. Typical foods include grasses, clover,
alfalfa, soybeans, peas, lettuce, and apples. Breeding

takes place during early spring (beginning at the age of

one yearh with anaverage of four or five young per litter,
one litter per year, The average life expectancy is two
or three years with a maximum of six years.

Occupied groundhog burrows are easily recognized in
the spring due to the groundhog's habit of keeping them
“eleaned oul.” Fresh dirt is generally found at the mouth
ofactive burrows. Half-round mounds, paths leading from
the den to nearby fields, and clawed or girdled trees and
shrubs also help identify inhabited burrows and dens.

When burrowing into an embankment, groundhogs
stay above the phreatic surface (upper surface of seep-
age or saturation) to stay dry. The burrow is rarely a
single tunnel. It is usoally forked, with more than one
entrance and with several side passages or rooms from
[ to 12 feet long.

Groundhog Control

Control methods should be implemented during early
spring when active burrows are easy to find, young grouncd-
hogs have not scattered, and there is less likelihood of
damage to other wildlife. Inlater sconumer, Fall, and winter,
game animals will scurry into groundhog burrows for
brief protection and may even take up permanent abode
during the period of groundhog hibernation,

Groundhogs can be controlled by using fumigants or

controlling groundhogs. Around buildings or other high

fire hazard areas, shooting may be preferable, Groundhogs

- will be discouraged from inhabiting the embankment if

the vegetal cover is kept mowed.

Cias cartridges may be purchased at garden supply and

- hardware stores. Information about the use and avail-
. ability of gas cartridges may be obtained from county
- extension offices, or the ULS. Department of Agriculture
- at the following address:

The USDA
Animal and Plant Health Inspection Service
Wildlife Services
U290 Americana Parkway
Reynoldsburg, OH 43068-4116

Phone: (614) 861-6087 FAX: (614) 861-09018
Toll-Free Number: 1-866-4USDAWS 1-866-487-3207
Web site: httpd/www.aphis.usda goviwildlife_damage/

 Muskrat

The muskrat is a stocky rodent with a broad head, short

" legs, small eyves, and rich dark brown fur, Muskrats are
i chiefly nocturnal. Their principal food includes stems,
- roots, bulbs, and foliage of aguatic plants, They also feed
- on snails, mussels, crustaceans, insects, and fish. Usu-
- ally three to five litters, averaging six to eight young per
¢ litter, are produced each year, Adult muskrats average
Cone foot in length and three pounds in weight, The life
' expectancy is less than two years, with 2 maximum of
- four years. Muskrats can be found wherever there are
| marshes, swamps, ponds, lakes and streams having calm
U orvery slowly moving water with vegetation in the water
- and along the banks.

Muskrats make their homes by burrowing  into the

- banks of lakes and streams or by building “houses™ of
+ bushes and other plants. Their burrows begin from 6 to
| 18 inches below the water surface and penetrate the em-
- bankment on an upward slant. At distances up to 15 feet
- from the entrance, a dry chamber is hollowed out above
- the water level. Once a muskrat den is occupied, a rise
Cin the waler level will cavse the muskeal 1o dig Farther
Cand higher to excavate a new dry chamber, Damage

(and the potential for problems) is compounded where

- groundhogs or other burrowing animals construct their
- dens in the embankment opposite muskrat dens.
by shooting. Fumigation is the most practical method of |

Continged on back!




Muskrat Control

Barrters to prevent burrowing offer the most practical
protection 1o earthen structures. A properly constructed
riprap and filter layer will discourage burrowing. The
filter and riprap should extend at least 3 feet below the
water fine. As the muskrat attempts to construct a bur-
row, the sand and gravel of the filter layer caves in and
thus discourages den building, Heavy wire fencing laid
flat against the slope and extending above and below the
wiler line can also be effective. Eliminating or reducing
aguatic vegetation along the shoreline will discourage
muskrat habitation, Where muskrats have inhabited the

areq, trapping is usually the most practical method of |

removing them from a pond.

Eliminating a Burrow

The recommended method of backfilling aburrow in an
embankment is mud-packing. This simple, inexpensive
method can be accomplished by placing one ortwo lengths
of metal stove or vent pipe in a vertical position over the
entrance of the den, Making sure that the pipe connection
to the den does not leak, the mud-pack mixture is then
poured into the pipe until the burrow and pipe are filled
with the earth-water mixture. The pipe is removed and
dry earth is tamped into the entrance. The mud-pack is
made by adding water to a 90 percent earth and 10 percent
cement mixture until a slurry or thin cement consistency
is attained. All entrances should be plugged with well-
comnpacted earth and vegelation re-established. Dens
should be eliminated without delay because damage from
just one hole can lead to failure of a dam or levee.

Beaver

Beaver will try to plug spillways with their cuttings.
Routinely removing the cutlings 1s one way to allevi-
ate the problem. Trapping beaver may be done by the
owner during the appropriate season; however, the near-
ast ODNR, Division of Wildlife, District Office or state
wildlife officer should be contacted first,

Hunting and Trapping Regulations

Because hunting and trapping rules change from year
o year, ODNR, Division of Wildlife authorities at one
of the following offices should be consulted before tak-
ing any action,

- e
Lukey
[

v

..... .  Offica lacations

Witdlife Dizlrict Thres  Wildlife Distrfiot Five
912 Portage Lakes Cuive 1078 O Bpaingbiek] Pika
Akron. Ohio 44315 Henta, Oheo d53B5
Phome: (330) §44-25833  Phone: (237} 372-a061
FAMN (230) Gdd-2400 FAN (337 376-301

‘Wildlife District Four  |n Fairpart Harbor
G0 E, Slate Sires 1180 High Streeq
Athans, Chio 45701
Plhoawe: (740) 5622330
FAK (7400 SE5-3009

Wildlifa District One
1500 Dublin Road
Columbus, Ohio 43215
Phang: 1614] G44-3925
Fak (BEd} £44-3031

Wildlite Districl Twa
952 Lima Avemse
Findlay, Thilo 45640
Phona: (416} 424-5000
FAN (410) 4224875

Falrpost Hartr, Dedg 44077
Fhana: (4407 352-4199
FAX [440) 3524182

Additional questions, comments concerns, or fact sheet
requests, should be dirceted to the Division of Water at
the following address:

Ohio Department of Natural Resources
Division of Water
Dam Safety Engineering Program
2045 Morse Road
Columbus, Ohio 43229-6693
Yolce: (614} 2056731 Fax: (614) 447-9503
Website: http:fwww.dnr state,oh.usiwater

Rodent Burrow

Searp,
Water Lavel

i —

- Crest
A -,

Phreatic Surface -

Ted Strickland Governor =

Sean D. Logan Oireclor  »

Debarah Hoffman Chiel
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Ohio Department of Natural Resources
Division of Water Fact Sheet

Fact Sheet 94-28

Dam Safety: Trees and Brush

he establishment and control ol proper vegetation is an

impaortant part of dam maintenance. Properly maintained

vegetation can help prevent erosion of embankment and
earth channel surfaces, and aid in the control of groundhogs and
muskrats. The uncontrobled growth of vegeiation can damase
embankments and concrete structures and make close inspection
cdifficult.

Trees and Brush

Trees and brush should not be permitled on embankmen sur-
laces or in vegelated earth spillways, Exiensive rool sysiems
can provide seepage paths Tor water. Trees that blow down or
Fall over can leave lurge holes in the embankment surface thal
will weaken the embankment and can lead to increased erosion.
Brush obscures the surface fimiling visual inspection, provides
a haven [or burrowing animals, and retards growth ol grass
vegelation, Tree and brush growth adjacent to concrete walls
and structures may eventually cause damage to the concrete and
should be remowved.

Stump Removal & Sprout Prevention

Stomps of cut frees should be removed so vezelalion can be
established and the surface mowed,  Stumps can be removed
gither by pulling or with machines that grind them down. All
woody material should be removed to aboul 6 mches below the
ground surfoce, The cavity should be Glled with well-compacted
soil and grass vegetation established

Stumps of trees in riprap cannol usually be pulled or ground
down, bat can be chemically tremed so they will not continuslly
form new sprouts. Certain herbicides are effective for this pur-
pose and can even be used al waler supply reservoirs iF applied
by licensed personnel. For product information and information
on how o oblain a license, contact the Ohio Department of Ag-
ricultuee ol the following address:

Othio Department of Agricullvre
Pesticide Regulalion
8995 E. Main Strest
Reynoldsburg, Ohio 43068
Telephone Mumber (614} 7286987

These products should be painted, not sprayed, on the stumps.

- Other instructions found on the label should be strictly followed
i when handling and applying these materials. Only a few com-
¢ mercially available chemicals can be used along shorelines or
| near water,

Embankment Maintenance

Embunkments, areas adjacent to spiflway structures, vegetated

- channels, and other areas associaled with a dam require con-
| tinual maintenanee of the vegetal cover, Grass mowing, brush
I eotting, and removal ol woody vegelation (including rees) are
Fnecessary for the proper mamtenance of a dun, dike, or levee.
| All embankment slopes and vegelated earth spillways should be
o mowed at least twice per year, Aesthelics, unobstructed viewing
| during inspections, maintenance of a non-erodible surlace, and
I discouragement of groundhog habitation are reasons for proper
| maintenance of the vegelal cover,

Methods used in the past for contrel of vegelation, but we now

| considered upacceptable, include chemical spraying, and burning,
- More acceptable methods include the use of weed whips or power
! rash-culters and mowers, Chemical spraying to st kill small
U brees and brush is acceplable il precautions are tken to prolect
: the local environment,

[t is important to remember nol Lo mow when the embank-
ment is wet. H is also important (o use proper equipment for the
slope and type of vegelation o be cul. Also, always follow the
manulfaciurer's recommended sale operation procedures,

Any other questions, comments, concerns, or facl sheel

U requests, should be divected o the Division of Water at the fol-
Clowing address:

Ohio Departiment of Natural Resources
Division of Water
Dam Safety Engineering Program
2045 Morsc Road
Columbus, Ohio 43229-6693
Voice: (614) 265-6731 Fax: (614) 447-9503
Website: hitps/fwww.dnrstate. oh.us/water

Ted Strickland Governor »  Sean D. Logan Direclor  «  Deborah Hoffman Chief
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Ohio Department of Natural Resources
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Fact Sheet 94-30)

Dam Safety: Earth Dam Failures

wners of dams and operating and maintenance
personnel must be knowledgeable of the

potential problems which can lead to failure
of a dam. These people regularly view the structure
and, therefore, need to be able to recognize potential

is noted early enough, an engineer experienced in dam
design, construction, and inspection can be contacted
to recommend corrective measures, and such measures
can be implemented.

[F THERE IS ANY QUESTION AS TO THE SE-
RIOUSNESS OF AN OBSERVATION, AN ENGI-
NEER EXPERIENCED WITH DAMS SHOULD
BE CONTACTED.

Acting promptly may avoid possible dam failure and _ ‘
- permeating slowly through the dam and its founda-
Engineers from the Division of Water, Dam Safety ' tion. Seepage must be controlled in both velocity and
- quantity, [ uncontrolled, it can progressively erode

Resources are available at any time to inspect a dam - s0il from the embankment or its foundation, resulting

if a serious problem is detected or if failure may be | , , \
imminent. Contact the division at the following ad- | ! the downstream side of th‘? emh““kmﬂﬁtr either in
- the dam proper or the foundation, progressively works
- toward the reservoir, and eventually develops a direct
- connection tothe reservoir. This phenomenon isknown
- as "piping.” Piping action can be recognized by an
- increased seepage flow rate, the discharge of muddy
- or discolorved water, sinkholes on or near the embank-
- ment, or a whirlpool in the reservoir, Once a whirlpool
* (eddy) is observed on the reservoir surface, complete
- failure of the dam will probably follow in a matter of
Cminutes. As with overtopping, fully developed pip-
~ing is virtually impossible to control and will likely
cause failure,

the resulting catastrophic effect on downstream areas.

Engineering Program of the Department of Natural

dress and telephone number:

Ohio Department of Natural Resources
Division of Water
Dam Safety Engineering Program
2045 Morse Road
Columbus, Ohio 43229-6605
Voice: (614) 265-6731 Fax: (614) 447-9503
Website: http://www.dnr.state.oh.us/water

In an emergency, call (614) 799-9538,

Since only superficial inspections of a dam can usually

be made, it is imperative that owners and maintenance

personnel be aware of the prominent types of failure = SUres in the soil pores or by saturating the slope. The
and their telltale signs. Earth dam failures can be = Pressure of seepage within an embankment is difficult

erouped into three general categories: overtopping
failures, seepage failures, and structural failures. A
brief discussion of each type lollows.

Overtopping Failures
Overtopping failures result from the erosive action

- of water on the embankment. Erosion is due to un-
- controlled flow of water over, around, and adjacent to
" the dam, Earth embankments are not designed to be
problems so that failure can be avoided. If a problem overtopped and therefore are particularly susceptible to
- erosion. Once erosion has begun during overtopping,
- itis almost impossible to stop. A well vegetated earth
- embankment may withstand limited overtopping if its
~crest is level and water flows over the crest and down
- the face as an evenly distributed sheet without becom-
- ing concentrated, The owner should closely monitor
- the reservoir pool level during severe storms.

Seepage Failures

All earth dams have seepage resulting from water

in rapid failure of the dam. Erosion of the soil begins

Seepage cancause slope failure by creating high pres-

to determine without proper instrumentation. A slope

- which becomes saturated and develops slides may be
- showing signs of excessive seepage pressure.

Continued on back!




Structural Failures

Structural failures can occur in either the embankment

or the appurtenances. Structural failure of a spillway,

lake drain, or other appurtenance may lead to failure |
of the embankment. Cracking, settlement, and slides |
are the more common signs of structural failure of |
embankments. Large cracks in either an appurtenance |
or the embankment, major settiement, and major slides |

“tr;(lll'i:flql{llffhzliﬂlgsgfgn:e?f:z? ‘9 tz;-f nns[um[ivit%t?r t e . sheet requests, should be directed to the Division of
peciaty It these pt s oceur sucdenty, BIYPE T water at the following address:
of situation occurs, the lake level should be lowered, |

the appropriate state and local authorities notified, and |
professional advice sought. If the observeris uncertain |
as to the seriousness of the problem, the Division of |

Water should be contacted immediately.

The three types of failure previously described are |
often interrelated in a complex manner. For example,
uncontrolled seepage may weaken the soil and fead to

a structural failure. A structural failure may shorten |
the seepage path and lead to a piping failure. Surface

erosion may result in structural failure.

Ted Strickland Govarnor e
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Minor defects such as cracks in the embankment
may be the first visual sign of a major problem which
could lead to failure of the structure. The seriousness
of all deficiencies should be evaluated by someone
expericneed in dam design and construction. A quali-
fied professional engineer can recommend appropriate
permanent remedial measures.

Any other questions, comments concerns, or fact

Ohio Department of Natural Resources
Diivision of Water
Dam Safety Engineering Program
2045 Morse Road
Columbus, Ohio 43229-6693
Voice: (614) 265-6731 Fax: (614) 447-9503
Website: http://www.dnr.state.oh.us/water

Deborah Haffman Chief
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Fact Sheet 94-31

Dam Safety: Seepage Through Earthen Dams

ontrary to popular opinion, wet arcas down

stream from dams are not usually natural

springs, but seepage areas. Even if natural
springs exist, they should be treated with suspicion
and carefully observed. Flows from ground-water
springs in existence prior to the reservoir would prob-
ably increase due to the pressure caused by the pool
of water behind the dam.

All dams have some seepage as the impounded water
seeks paths of least resistance through the dam and its
foundation. Seepage must, however, be controlled to
prevent erosion of the embankment or foundation or
damage to concrete structures.

Detection

Seepage can emerge anywhere on the downstream
face, beyond the toe, or on the downstream abutments
at elevations below normal pool. Seepage may vary in
appearance froma”soft," wetarea toa flowing "spring.”
[t may show up first as an area where the vegetation
15 lush and darker green, Cattails, reeds, mosses, and
other marsh vegetation often become established in
a seepage area. Another indication of seepage is the

sresence of rust-colored iron bacteria, Due to their |
] - : - Control

nature, the bacteria are found more often where water
is discharging from the ground than in surface water.
Seepage can make inspection and maintenance dif-
ficult, It can also saturate and weaken portions of the
embankment and foundation, making the embankment
susceptible to earth slides.

If the seepage forces are large enough, soil will be
eroded from the foundation and be deposited in the
shape of a cone around the outlet. If these "boils" ap-
pear, professional advice should be sought immediately.
Seepage flow which is muddy and carrying sediment
(soil particles) is evidence of "piping," and will cause
failure of the dam. Piping can occur along a spillway
and other conduits through the embankment, and these
areas should be closely inspected. Sinkholes may

i develop on the surface of the embankment as internal
' erosion takes place. A whirlpool in the lake surface
may follow and then likely a rapid and complete
- failure of the dam. Emergency procedures, including
- downstream evacuation, should be implemented if this
' condition is noted.

Seepage can also develop behind or beneath concrete

- structures such as chute spillways or headwalls. [f the
- concrete structure does not have a means such as weep
- holes or relief drains to relieve the water pressure, the
concrete structure may heave, rotate, or crack. The
- effects of the freezing and thawing can amplify these
- problems. It should be noted that the water pressure
- behind or beneath structures may also be due to infil-
- tration of surface water or spillway discharge.

A continuous or sudden drop in the normal fake

' level is another indication that seepage is occurring,
| In this case, one or more locations of flowing water
-are usually noted downstream from the dam, This
- condition, in itself, may not be a serious problem, but

Cwill require frequent and close monitoring and profes-

- sional assistance.

The need for seepage control will depend on the quan-

- tity, content, and location of the seepage. Reducing
| the quantity of seepage that occurs after construction
is difficult and expensive. It is not usually attempted
- unless the seepage has lowered the pool level or is en-
- dangering the embankment or appurtenant structures.
- Typical methods used to control the quantity of seepage
are grouting or installation of an upstream blanket, Of
- these methods, grouting is probably the least effective

and is most applicable to leakage zones in bedrock,

i abutments, and foundations. These methods must be
- designed and constructed under the supervision of a
- professional engineer experienced with dams.

Continued on back!




Controlling the content of the seepage or preventing |
seepage low from removing soil particles is extremely |
important, Modern design practice incorporates this |
control into the embankment through the use of cut- |
offs, internal filters, and adequate drainage provisions, |
Control at points of seepage exit can be accomplished |

after construction by installation of toe drains, relief ) . ,
| embankment and foundation drainage outlets is also

wells, or inverted filters.,

Weep holes and relief drains can be installed torelieve
water pressure or drain seepage from behind or beneath |
concrete structures. These systems must be designed
to prevent migration of soil particles but still allow |
the seepage to drain freely. The owner must retain a |
professional engineer to design toe drains, relief wells, |
- be permitted to submerge the pipe outlets for extended

inverted filters, weep holes, or relief holes.

Monitoring

records of seepage.

All records should be kept in the operation, main-

tenance, and inspection manual for the dam. The in-
spector should always look for increases in flow and
evidence of flow carrying soil particles, which would

Ted Strickland Governor e
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indicate that a more serious problem is developing.
[nstrumentation can also be used to monitor seepage.
V-notch weirs can be used to measure flow rates, and
piezometers may be used to determine the saturation
level (phreatic surface} within the embankment,

Regular surveillance and maintenance of internal

required. The rate and content of flow from each pipe
outlet for toe drains, relief wells, weep holes, and relief
drains should be monitored and documented regularly.
Normal maintenance consists of removing all obstruc-
tions from the pipe to allow for free drainage of water
from the pipe. Typical obstructions include debris,
gravel, sediment, and rodent nests. Water should not

periods of time, This will inhibit inspection and main-

. ) - tenance of the drains and may cause them to clog.
Regular monitoring is essential to detect seepage and

Frcventdam imlure.lKnnwleclge of the dam's hlst{:tr;_v is | shoof requests, should be direeted to the Division of
important to determine whether the seepage condition
is in a steady or changing state. [t is important to keep
written records of points of seepage exit, quantity and
content of flow, size of wet area, and type of vegetation
for later comparison, Photographs provide invaluable

Any other questions, comments concerns, or fact

Water at the following address:

Ohio Department of Natural Resources
Division of Water
Dram Safety Engineering Program
2045 Morse Road
Columbus, Ohio 43229-6693
Voice: (614) 2065-6731 Fax: (614) 447-9503
Website: hetprfwww.dnr.state. oh.us/water

Debarah Hoffman Chief
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Fact Sheet 94-32

Dam Safety: Concrete Repair Techniques

oncrete is an inexpensive, durable, strong and

basic building material often used in dams for |

core walls, spillways, stitling basins, control tow-
ers, and slope protection. However, poor workmanship,
construction procedures, and construction materials may
cause imperfections that later requive repair, Any long-term
deterioration or damage to concrete structures caused by
flowing water, ice, or other natural forces must be corrected,
Meglecting to perform periodic maintenance and repairs o

concrete structures as they occur could result in failure of | , ,
- 2. Conerete Replacement: Conerete replacement is required

the structure from either a structucal or hydraulic stand point.
This in turn may threaten the continued safe operation and
use of the dam.

Considerations

Floor or wall movement, cxlensive cracking, improper
alignments, settlement, joint displacement, and extensive
undermining are signs of major structural problems. Insitu-
ations where concrete replacement solutions are required
to repair deteriorated concrete, it is recommended that a
registered professional engineer be retained to perform an
inspection to assess the conerete's overall condition, and
determine the extent of any structural damage and neces-
sary remedial measures.

Typically, it is found that drainage systems are necded to
reticve excessive water pressures under floors and behind
walls., [n addition, reinforcing steel must also be properly
designed to handle tension zones and shear and bending
forces instructural conerele produced by any external load-
ing (including the weight of the structure). Therefore, the
finished product in any concrete repair procedure should
consistofastructure thatis durable and able to withstand the
effects of service conditions such as weathering, chemical
action, and wear, Because of their complex nature, major
structural repairs that require professional advice are not
addressed here,

Repair Methods

Before any type of concrete repair is attemptled, it is es-
sential that all Factors governing the deterioration or failure
of the concrete structure are identified, This is reguired so
that the appropriate remedial measures can be undertaken
in the repair destgn to help correct the problem and prevent
it from occurring in the future. The following technigques
require expert and experienced assistance for the best results.

The particular method of repair will depend on the sice of

the job and the type of repair required.

I. The Dry-Pack Method: The dry-pack method can be
used on small holes in new concrete which have a depth
equal to or greater that the surface diameter, Prepara-
tion of a dry-pack mix typically consists of about 1 part
pontland cement and 2 1/2 parts sand to be mixed with
water. You then add enough water to produce a mortar
that will stick together, Onee the desired consistency is
veached, the mortar is ready to be packed into the hole
using thin layers,

when one-half to one square foot areas or larger extend
entively through the concrete sections or where the depth
of damaged concrete exceds 6 inches, Whenthis occurs,
normal concrete placement methods should be used,
Repair will be more effective if tied in with existing
reinforcing steel {rebar). This type of repaiv will require
the assistance of a professional engineer expericnced in
concrete construction.

3 Replacement of Unformed Conerete: The replacement

of damaged or deteriorated arcas in horizontal slabs
involves no special procedures other than those used in
oood construction practices for placement of now slabs.
Repair work can be bonded to old concrete by use of a
bond coat made of equal amounts of sand and cement.
[t should have the consistency of whipped cream and
should be applicd immediately ahead of concrete place-
ment so that it will not set or dry out. Latex emulsions
with portland cement and epoxy resing are also used as
bonding coats.

-4 Preplaced Aggregate Conerete: This special commercial

technigue has been used for massive repairs, particularly
for underwater repairs of piers and abutments. The pro-
cess consists of the following procedures: 1) Removing
the deteriorated concrete, 2) forming the scctions to
be repaired, 33 prepacking the repair area with coarse
aggregale, and 4) pressure grouting the voids between
the aggregate particles with a cement or sand-cement
maortar,

© 5. Synthetic Patches: One of the mostrecent developments

in concrete repair has been the use of synthetic materials
for bonding and patching. Epoxy-resin compounds are
used extensively because of their high bonding proper-
tics and great strength, Inapplying cpoxy-resin patching

Continued on back!




mortars, 4 bonding coat of the epoxy resin is thoroughly |
brushed onto the base of the old concrete, The mortar is |
then immediately applicd and troweled to the elevation |

of the surrounding material.

Before attempling to repairadeteriorated concrete surface,

In gencral, the concrete repaic procedures discussed
above should be considered on a relative basis and in terms

of the quality of concrete that one wishes to achieve for

o their particular construction purpaose. [n addition to being

atl unsaund conerete should be removed by sawing or chip- |
ping and the patch area thoroughly cleaned. A sawed edge |
is superior to a chipped edge, and sawing is generally less |
costly than mechanical chipping, Before concerete is ordered |
for placing, adequate inspection should be performed o |
ensure that (1) foundations are properly prepared and ready |
to receive the concrete, (2) construction joints are clean |
and free from defective concrete, (3) forms are grout-tight, |

amply strong, and set to their true alignment and grade, (4)

all reinforcement steel and embedded parts are clean, in |

their correct position, and securely held in place, and (5) |
adequate concrete delivery equipment and facilitics arc on
the job, ready to go, and capable of completing the place- |

ment without addition unplanned construction,

Concrete Use Guidelines

[naddition toits strength characteristics, conerete must also |
have the properties of workability and durability, Workability |
can be defined as the sase with which a given set of materi- |
als can b'-: I“i:".ﬁ(l i.l'l[l} concrole tll'l(l Slil.THﬁqucntt:r’ h{l“dlﬂ{t.. i ur{:thunc sealant can be used. This m]]&i]' T.Cﬂhﬂi{[uﬂ does
transported, and placed with a minimal foss of homogeneity, |
The degree of workability required for proper placement | p.on g \har are still active. Cracks should be opencd using

and consolidation of concrete is governed the dimen- . .
al & ed by ) he dil en o aconcrete saw oF hand tool prior to placing the sealant. A
sions and shape of the structure and by the spacing and size |

of the reinforcement, The concrete, when properly placed,

will be frec of segregation, and its mortar is intimately in
contact with the coarse aggregate, the reinforcement, and/or |
any other embedded parts or surfaces within the concrete. |
Separation of coarse aggregate from the mortar should be |
minimized by avoiding or controlling the fateral movement |
of concrete during handling and placing operations, The
conerete should be deposited as nearly as practicable in its |
final position, Placing methods that cause the concrete to
flow in the Forms should be avoided. The conerete should |
be placed in horizontal layers, and each layer should be |

thoroughly vibrated to oblain proper compaction,

All conerete repairs must be adequately moist-cured to be

effective, The bond strength of new conerete to old concrete |
develops much more slowly, and the tendency to shrink and

lewssen s reduced by a long moist-curing period.

Ted Strickland Govermor e
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adequately designed, a structure must also be properly
constructed with concrete that is strong enough to carry
the design loads, durable enough to withstand the forces
associated with weathering, and yet cconomical, not only
in ficst cost, but in terms of its ultimate service. It should be
emphasized that major structural repairs to concrete should
not be attempted by the owner or persons not experienced
in concrete repairs. A qualified professional engineer ex-
perienced in concrete construction should be obtained for
the design of large scale repair projects,

Crack Repair

Thetwo mainobjectives when repairing cracks in concrete
are structural bonding and stopping water flow, For a struc-
tural bond, epaxy injection can be used. This process can
be very expensive since a skilled contractor is needed for
proper installation, The epoxy is injected into the concrele
under pressure, welding the cracks to form a monolithic
structure. This method of repair should not be considered
if the crack is still active (moving). For a watertight seal,

not form a structural bond; however, it can be used on

minimum opening of '/ inch is reconmmended since small
apenings are hard 1o A1 Urethane sealants can be reapplied
since they are {lexible materials and will adhere to older
applications, As previously noted, all of the factors causing
cracking must be identified and addressed before repairing
the concrete to prevent the reoceurmence of cracks,

Any other questions, comments concerns, or fact sheet
requests, should be divected to the Division of Water at
the following address:

Ohio Department of Natural Resources
Division of Water
Dam Safety Engineering Program
2045 Morse Road
Columbus, Ohio 43229.6693
Voice: (614} 265-6731 Fax: (614) 447-0503
Website: http://www.dnrstate oh.us/water

Deborah Hoffman Chief
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Fact Sheet 94-33

Dam Safety: Inspection of Concrete Structures

ams, dikes, and levees must not be thought of |

as part of the natural landscape, but as man-

made structures which must be designed, in-
spected, operated, and maintained accordingly. Routine
maintenance and inspection of dams and appurtenant
facilities should be an ongoing process to ensure that
structural failures do not occur which can threaten the
overall safety of the dam. The information provided
in this fact sheet pertains entirely to the inspection
of concrete structures used at dams. The intention s
to help dam owners become more aware of common
problems that are typically encountered with concrete
so that they can more readily address the seriousness
of a particular condition whenever it arises.

Structural Inspections

Conecrete surfaces should be visually examined for
spalling and deterioration due to weathering, unusual
or extreme stresses, alkali or other chemical attack,
crosion, cavitation, vandalism, and other destructive
forces. Structural problems are indicated by cracking,
exposure of reinforcing bavs, large areas of broken-out
conerete, misalignment at joints, undermining and
settlement in the structure, Rust stains that are noted
on the concrete may indicate that internal corrosion
and deterioration of reinforcement steel is occurring.
Spillway floor slabs and upstream slope protection
slabs should be checked forerosion of underlying base
material otherwise known as undermining. Concrete
walls and tower structures should be examined to de-
termine if settlement and misalignment of construction
joints has occurred,

What to Look For

Concrete structures can exhibit many different types
of cracking. Deep, wide cracking is due to stresses
which are primarily caused by shrinkage and structural
loads. Minor or hairline surface cracking is caused by
weathering and the quality of the concrete that was
applied. The results of this minor cracking can be the
eventual loss of concrete, which exposes reinforcing
steel and accelerates deterioration. Generally, minor
surface cracking does not affect the structural integrity
and performance of the concrete structure,

Cracks through concrete surfaces exposed to flowing

- water may lead to the erosion or piping of embankment

' or foundation soils from around and/or under the con-

crete structure. [nthiscase, the cracks are not the result
of a problem but are the detrimental condition which
leads to piping and erosion. Seepage at the discharge
end of a spillway or outlet structure may indicate leak-
age of water through a crack. Proper underdrainage
for open channel spillways with structural concrete
floors is necessary to control this leakage. Flows from
underdrain outlets and pressure relief holes should
also be observed and measured. Cloudy flows may
indicate that piping is occurring beneath or adjacent
to the concrete structure. This could be detrimental
tor the foundation support.

Concrete surfaces adjacent to contraction joints and
subject to flowing water are of special concern espe-
cially in chute slabs, The adjacent slabs must be flush
or the downstream one slightly lower to prevent ero-
sion of the concrete and to prevent water from being
directed into the joint during high velocity flow. All

- weep holes should be checked for the accumulation
of silt and granular deposits at their outlets. These
| deposits may obstruct flow or indicate loss of support
- material behind the concrete surfaces. Tapping the
! conerete surface with a hammer or some other device
- will help locate voids if they are present as well as
- give an indication of the condition and soundness of
' the concrete. Weep holes in the concrete are used to
" allow free drainage and relieve excessive hydrostatic
- pressures from building up underneath the structure,
| Excessive hydrostatic pressures underneath the con-
| crete could cause it to heave or crack which increases
- the potential for accelerated deterioration and under-
| mining. Periodic monitoring of the weep hole drains
- should be performed and documented on a regular
- and routine basis to ensure that they are functioning
- as designed.

Structural cracking of concrete is usually identified

- by long, single or multiple diagonal cracks with ac-
' companying displacements and misalignment, Cracks
- extending across concrete slabs which line open channel

Continued on back!




spillways or provide upstream slope wave protection

can indicate a loss of foundation support resulting from |

settlement, piping, undermining, or erosion of founda-
tion soils. Piping and erosion of foundation soils are
the result of inadequate underdrainage and/or cutoff
walls. Items to consider when evaluating a suspected
structural crack are the concrete thickness, the size and
location of the reinforcing steel, the type of foundation,
and the drainage provision for the structure.

Preparing for an Inspection

Before an inspection of the dam's concrete Facilities
is performed, it is recommended that a checklist be
developed that includes all the different components
of the spillway andf/or outlet works. The checklist

- should also include a space for logging any specific
. ohservations about the structure and the state of ils
- condition, Photographs provide invaluable records of
- changing conditions. A rapidly changing condition

should be performed at least once every five years
by either dewatering the structure or when operating -
conditions permit. Investigation of these features using

experienced divers is also an alternative.

Ted Strickland Govermor e
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5 - - may indicate a very serious slem. If e ar

Inspection of intake structures, trashracks, upstream mylt_nr. [L‘nf:la l;‘\f’f seriaus prok if’m [Llﬁgcgm Tﬁy
conduits, and stilling basin concrete surfaces that are | {E}uca 1gn?¢:5 E :’ E"_E“.D ufr;f?’:’”ﬂ an observa TL.{T i ?
below the water surface is not readily feasible during | =00 \.ﬂ ety ",E"ED??"E _,m‘fmm’. o ﬂ 'c‘é"f‘ erec
a regularly scheduled inspection. Typically, stilling | E;ﬂljeas::lmf:g]ienglnms experienced with dams, should
basins require the most regular monitoring and major | o COnHACEd.

maintenance because they are holding ponds for rock |
and debris, which can cause extensive damage to the |
concrete surfaces during the dissipation of flowing
water. Therefore, special inspections of these features

Any other questions, comments concerns, or fact sheet
requests, should be directed to the Division of Water at
the following address;

Ohio Department of Natural Resources
Division of Water
Dam Safety Engineering Program
2045 Morse Road
Columbus, Ohio 43229-6693
WVoice: (614) 265-6731 Fax: (614) 447-9503
Website: http/fwww.dnrstate.ol.us/water

In an emergency, call
{614) 265-6731 or (614) 799-9538

Deharah Haoffman Chief
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Dam Safety: Open Channel Spillways

(Earth and Rock)

pen channels are often used as the emergency
spillway and sometimes as the principal spill-
way for dams, A principal spillway is used
to pass normal inflows, and an emergency spillway
is designed to operate only during large flood events,
usually after the capacity of the principal spillway has

been exceeded. For dams with pipe conduit principal

spillways, anopen channel emergency spillway is almost

always required as a backup in case the pipe becomes

clogged., Open channels are usually located in natural

around adjacent to the dam and can be vegetated, rock-

lined, or cut in rock,

Design

Flow through an emergency spillway does not neces-
sarily indicate a problem with the dam, but high velocity |
flows can cause severe erosion and result in a perma- |

nently lowered take level if not repaired. Proper design

of an open channel spillway will include provisions for
minimizing any potential erosion. One way to minimize |
erosion is to design a Aatter channel slope o reduce the |

velocity of the flow. Earthen channels can be protected

by a good grass cover, an appropriately designed rock

cover, conerete or various types of erosion control mat-
ting. Rock-lined channels must have adequately sized
riprap to resist displacement and contain an appropri-
ate geotextile fabric or granular filter beneath the rock.
Guide berms are often required to divert flow through

open channels away from the dam to prevent erosion of

the embankment fill. IF an open channel is used for a
principal spillway, it must be rock-lined or cut in rock
due to more frequent or constant flows.

Ohio Administrative Code Rule 150 1:21-13-04 requires
that the frequency of use for an earth (grass-lined) ora

rock-lined emergency spillway be less than;

= Once in 30 years for Class [ dams;
= Once in 25 years for Class II dams; and
= Once in H years for Class 11 dams.

- Maintenance

Maintenance should include, but not be limited to, the
- following items:

s(rass-covered channels should be mowed at
feast twice per year to mainfain a good grass
cover and fo prevent trees, brush and weeds
from becoming established. Poor vegetal cover
can resull in extensive and rapid erosion when the
spillway flows, Repairs can be costly. Reseeding
and fertilization may be necessary to maintain a
vigorous growth of grass, One suggested seed
mixture is 30% Kentucky Bluegrass, 60% Kentucky
31 Fescue, and 10% Perennial Ryegrass.

*Trees and brush must be removed from the
channel.  Tree and brush growth reduces the
discharge capacity of the spillway channel. This
increases the lake level during large storm events
which can lead to overtopping and failure of the
dam,.

sErosion in the channel must be repaired
quickly after it occurs. Erosion can be expected
in the spillway channel during high Aows, and
can also occur as a result of rainfall and runoft,
gspecially in areas of poor grass cover. Terraces or
drainage channels may be necessary in large spill-
way channels where large amounts of rainfall and
runoll may concentrate and have high velocities.
Erasion of the side stopes may deposit material
in the spillway channel, especially where the side
slopes meet the channel bottom. Insmall spiflways,
this can significantly reduce the discharge capac-
ity. This condition often occurs immediately after
construction before vegetation becomes established.
In these cases, it may be necessary to reshape the
channel to provide the necessary capacity.

*All obstructions should be kept out of the
channel. Openchannel spillways oftenare used for
purposes other than passage of food flows. Among
these uses are reservoir access, parking lots, boat

Continued on back!




ramps, boal storage, pasture and cropland. Perma- | Monitoring

nent structures (buildings, fences, ete.) should not | Open channel spillways should be monitored for ero-
be constructed inthese spillways. Iffences, bridges sion, poor vegetal cover, growth of trees and brush,
or other such structures are absolutely necessary, | gbstructions, and weathering and displacement of rock.
they should cross the spillway farenough upstream - Monitoring should take place on aregular basis and after
ordownstream from the control section so that 1.'|'|Ej.-f [{u'gﬂ I'](jud"gven[s. Itis ii'.l'lp['.ll't::ll'it to EEEP written records
do not interfere with the flow. Constructionofany | gfphservations. Photographs provide invaluable records
structures in or across the channel requires prior © of changing conditions. All records should be kept in
approval from the Division of Water. . the operation, maintenance, and inspection manual for

. \ i the dam,
*Weathering of rock channels can be aserious |

problem and is primarily due to freeze/thaw ac- | Any other questions, comments concerns, or fact
tion. Deterioration due to the effects of sun, wind, | sheet requests, should be directed to the Division of
rain, chemical action and tree root growth alse Water at the following address:

occurs. Weathered rock is susceptible to erosion |

and displacement during high flows; therefore, | Ohio Department of Natural Resources
rock channels are often designed with 1 to 3 feet | Division of Water

of earth with a grass cover over the rock surface Dam Safety Engineering Program

to help insulate the rock from the effects of freeze/ | 2045 Morse Road

thaw action. Columbus, Ohio 43229-6693

Voice: (614) 265-6731 Fax: (614) 447-9503
Website: httpe/fwww.dnestate.oluus/water

Downstream View of Open Channel Spillway
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Ohio Department of Natural Resources
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Fact Sheet 99-51

Dam Safety: Outlet Erosion Control Structures

(Stilling Basins)

ater moving through the spillway of a dam

contains alargeamountofenergy, This energy

can cause erosion at the outlet which can
lead to instability of the spillway. Failure o properly
design, install, or maintain a stilling basin could lead to
problems such as undermining of the spillway and ero-
sion of the outlet channel and/or embankment material.
These problems can lead to failure of the spillway and
ultimately the dam. A stilling basin provides a means
o absorb or dissipate the energy from the spillway dis-
charge and protects the spillway area from erosion and
undermining. An outlet erosion control structure such as
aheadwallfendwall, impact basin, United States Depart-
ment of the Interior, Bureau of Reclamation Type I or
TypeIlbasin, baffled chute, or plunge pool is considered
an energy dissipating device, The performance of these
structures can be affected by the tailwater elevation. The
tailwater elevation is the elevation of the water that i3
MNowing through the natural stream channel downstream
during various flow conditions.

A headwall/endwall, impact basin, Type IT or Type
HI basin, and baffled chute are all constructed of con-
crete. Concrete structures can develop surface defects
such as minor cracking, bugholes, honeycombing, and
spalling, Concrete structures can have severe structural
defects such as exposed rebar, settlement, misalignment
and large cracks. Severe defects can incicate structural
instability.

Headwall/Endwall

Aheadwallfendwall located at or close to the end of the
discharge conduit will provide support and reduce the
potential for undermining. A headwall/fendwall is typi-
cally constructed of concrete, and it should be founded
on bedrock or have an adequate foundation footing
o provide support for stability. A headwall/endwall
can become displaced if it is not adequately designed

and is subject to
Endwall  yndermining. Dis-
acement of the
headwall/endwall
can lead to sepa-
ration of the spill-
way conduit at the

Headwall

joints which could affect the integrity of the spillway
conduit. If a conerete structure develops the structural
defects mentioned in the opening paragraphs, or if the
discharge spillway conduit does not have a headwall/
endwall, then a registered professional engineer should
be contacted to evaluate the stability of the outlet.

Impact Basin

A conerete impact basin is an energy dissipating de-
vice located at the outlet of the spillway in which How
from the dis-
charge conduit
strikes avertical
hanging baffle.
[vischarge is di-
rected upstream
in vertical ed-
dies by the hori-
zomtal portionol
the balTle and by
the floor before
flowing overthe
endsill. Energy
dissipation oc-
curs as the discharge strikes the baffle, thus, performance
15 not dependent on tailwater. Most impact basing were
designed by the United States Departmentof Agriculture,
Milural Resources Conservation Service and the United
States Department of Interior, Bureau of Rectamation. IF
any of the severe defects that ave referenced in the open-
ing paragraphs are observed, & registered professional
engineer should be contacted to evaluate the stability
of the outlet.

Impact Basin

U.S. Department of Interior, Bureau of Reclama-
tion Type II and Type LI Basins

Type IT and Type 11T basins reduce the energy of the
flow discharging from the outlet of a spillway and allow
the water to exit into the outlet channel at a reduced ve-
locity. Type Il energy dissipators contain chute blocks at
the upstream end of the basin and adentated (tooth-like)
endsitl. Baltle piers are notused ina Type IThasin because
of the high velocity water entering the basin.

Comtinged on back!




Type I Basin Type TII energy
dissipators can

be used if the en-

I

SN Endsill

Chute 7 i
Blocks N the water is not
Baffie high., They con-
) Piers/ tain baffle piers
e N e which are locat-
ed on the still-
ing basin apron
downstream of
the chute blocks. Located at the end of both the Type
IT and Type I basins is an endsill. The endsill may be
level or sloped, and its purpose is to create the tailwater
which reduces the outflow velocity, [T any of the severe
defects associated with concrete structures are observed,
a registered professional engineer should be contacted

to evaluate the stability of the basin.

Baffled Chute

BafMed chutes require no initial tailwater to be effec-
tive and are located downstream of the control section,
Multiple rows of baffle piers on the chute prevent ex-
cessive acceleration of the flow and prevent the damage

that occurs from a high discharge velocity. A portion of

the baffied chute usually extends below the streambed

elevation to prevent undermining of the chute, If any of

the severe problems associated with concrete that are
referenced in the opening paragraphs are observed, a
registered professional engineer should be contacted o
evaluate the stability of the outlet.

Baffeled Chute Basin

trance velocity of |

Plunge Pool

A piunge pool is an energy dissipating device located
at the outlet of a spillway. Energy is dissipated as the
discharge Mows into the plunge pool. Plunge pools are
commonly lined with rock riprap or other material to
prevent excessive erosion of the pool area, Discharge
from the plunge pool should be at the natural streambed
elevation. Typical problems may include movement of the
riprap, loss of fines from the bedding material and scour
beyond the riprap and lining, If scour beneath the outlet

Plunge Pool

=

Aggregu‘rg' S
Base

conduit develops, the conduit will be left unsupported
and separation of the conduit joints and undermining may
occur, Separation of the conduit joints and undermining
may lead to failure of the spilbway and ultimately the dam.
A registered professional engineer should be contacted
to ensure that the plunge pool is designed properly.

Additional information about related topics can be
found on the following fact sheets: “Inspection of Con-
crete Structures,” “Spillway Conduit System Problems,”
“Open Channel Spillways (Concrete Chutes and Weirs),”
and “Problems with Concrete Materials,”

Any questions, comments, concerns, or fact sheel
requests should be directed 1o the Division of Water at
the following address:

Ohio Department of Natural Resources
Division of Water
Dam Safety Engineering Program
2045 Morse Road
Columbus, Ohio 43229-6693
Voice: (614) 265-6731 Fax: (614) 447-9503
Website: http/fwww.dnrstate.oh.us/water
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Fact Sheet 99-52

Dam Safety: Upstream Slope Protection

lope protection s usually needed o protect the |
| erzy of the maximum anticipated wave action and hold the
o smaller stones in place. If the rock size is too small, it will
- eventually be displaced and washed away by wave action.
| If the riprap is sparse or if the filter or bedding material is
! too small, the filter materizl will wash out casily, allowing
| the embankment material to erode. Once the erosion has
. started, beaching will develop if remedial measures are not

| taken. Technical Release No. 69 developed by the USDA,
- Natural Resources Conservation Serviee can be used to help
U design engineers develop a preliminary or detailed design
- for riprap slope protection,

upstream slope against erosion due to wave action,

Without proper slope protection, a serious erosion
probiem knownas “heaching” can develop on the upstream
slope.

Presdous location

of the rgprap
-1

£ Water surface L Ny

: \‘t‘--_.___,..-/ Beached area
. .
& - : - : d

Figure 1 - Beaching
The repeated action of waves siriking the embankment

slope, creating a “beach.” The amount of erosion depends
on the predominant wind direction, the orientation of the
dam, the steepness of the slope, water level fuctuations,
bouting activities, and other factors, Further erosion can
lead to cracking and sloughing of the slope which can
extend into the crest, reducing its width, When crosion
occurs and beaching develops on the upstream slope of a
dlam, repairs should be made as soon as possible, However,
an erosion scarp less than 1 fool high may be stable and
not require repair.

The upstream face of a dam is commaonly protected against
wave crosion by placement of a layer of rock riprap over a
liyver of bedding and a flter material, Other material such as
concrele facing, soil-coment, fabri-form bags, slush grouted
rowzks, steel sheet piling, and articulated concrete blocks can
also be used, Vegetative protection combined with a berm
on the upstream slope can also be effective.

Rock Riprap

Roclk riprap consists of a heterogeneous mixture of i
regutar shaped rocks placed over gravel bedding and a
sand ftter or geotextile fabric. The smaller rocks help
tor fill the spaces between the larger picces forming an
interlocking mass. The filter prevents soil particles on the
embankment surface from being washed out through the
spaces {or voids) between the rocks. The maximum rocl

surface erodes fill material and displaces it farther down the | Lowast anticipated pool

sive and weight must be large enough to break up the en-

Top of embankment

Upsiream slup&--.x

5 2 I i .
~~=Gravel bedding ¢ % *

! o - - . - .
e Filtér material izand or filter fabric) .

Figure 2 - Rock Riprap

The dam owner should expect some deterioration {weath-

- ering) of riprap. Freezing and thawing, wetting and dry-
- ing, abrasive wave action, and other natural processes will

eventually break down the riprap, [ts useful life varies with

. the characteristics of the stone used, Stone for riprap should
. be rock that is dense and well cemented. In Ohio, glacial
! cobbles or boulders, most limestone, and a few types of
| sandstone are acceptable for riprap. Most sandstones and
| shales found in Ohio do not provide long-term protection,
- Due to the high initial cost of rock riprap, its durability
. shouid be determined by appropriate testing procedures

prior to installation, Vegetative growth within the slope

[ protection is undesirable bocause it can displace stone and
- disturb the filter material. Heavy undergrowth prevents an
Cadeguate inspection of the upstream slope and may hide
- potential problems.  For additional information, see the
- “Trees and Brush™ fact sheet.

Continued on back!




Sufficient maintenance funds should be allocated For the
addition of riprap and the removal of vegetation. Severe |
crosion or reoccurring problems may require a registered |
professional engineer to design a more effective slope |
protection, :

Vegetated Wave Berm |

Vegetated wave berms dissipate wave energy and protect
the slope from erosion. Berms arc constructed on the up- |
stream slope at the normal pool level and should be no less
than 20 feet wide, This method of slope protection will not
work well where the water surface fuctuates regularly from
normal pool. IFimproper or sparse vegetation is present, the |
wave berm may not adequately dissipate the wave energy, |
allowing crosion and beaching to develop on the upstream |
slope. Technical Release No. 56 developed by the USDA, |
Natural Resources Conservation Service provides design |
and layout information. '

The vegetation on the wave berm should be monitored
regularly to verify adequate growth. Sufficient funds should
be allocated for the regular maintenance of the vegetation, |
Severe erosion or reoccurring problems may require a
registered professional engineer to design a more effective |
slope protection, '

Top of embankment

Wave berm with k
proper vegetation o

J—
Upstraam shops

Flgure 3 - Vegetated wave herm

Concrete Facing

Concrete facing can be used il severe wave action is |
anticipated, however, settlement of the embankment must
be insignificant to insure adequate support for the concrele
Facing. A properly designed and constructed concrete Fac- |
ing can be expensive. This slope protection should extend
several feet above and below the normal pool level. Ttshould
terminate on @ berm or against a conerete curb or header.
Grranular Rleer or lilter Fabric {geotextile) is required under the |
concrete facing to help reduce the risk of undermining, |

Upsiream slope —

Lowast anticipated poal

et ‘ ’ T @

& . . ™ . Fl i .
"‘«-Flllar material (sand or filtler fabric)
T .

a - L
- . . . PR

Figure 4 - Concrete facing

As with any type of slope protection, problems will
develop if the concrete facing has not been properly de-
signed or installed. Concrete facing often fails because
the wave action washes soil particles from bencath the
slabs through joints and cracks. This process is known
as undermining, which will continue until large voids are
created. Detection of voids is difficult because the voids
are hidden. Failure of the conerete facing may be sudden
and exlensive. Conerete facing should be monitored for
cracks and open joints. Open joints should be sealed with
plastic fillers and cracks should be grouted and sealed. For
additional information, see the “Problems with Conercte
Materials™ fact sheet.

Inspection and Monitoring

Regular inspection and monitoring of the upstream slope
protection is essential to detect any problems. B is impor-
tant 1o keep written records of the location and extent of
any erosion, undermining, or deterioration of the riprap,
wave barm or other slope protection, Photographs provide
invaluable records of changing conditions. Arapidly chang-
ing condition may indicate a very sericus problem, and
the Dam Salety Engineering Program should be contacted
immediately. All records should be kept in the operation,
maintenance, and inspection manual for the dam.

Any other questions, comments concerns, or fact sheet
requests, should be directed to the Division of Water at the
following address:

Ohio Department of Natural Resources
Division of Water
Dam Safety Engineering Program
2045 Morse Road
Columbus, Chio 43229-6693
Voice: (614) 265-6731 Fax: (614) 447-9503
Website: http/fwww.dnrstate.oh.us/water
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Dam Safety: Embankment Instabilities

must safely contain the reservoir during normal

and flood conditions, Cracks, slides, and depres-
sions are signs of embankment instability and should
indicate to the owner that maintenance or repair work may
be required. When one of these conditions is detected, the
owner mustretain anexperienced professional engineerto
determine the cause of the instability. A rapidly changing
condition or the sudden development of a large crack,
slide, or depression indicates a very serious problem, and
the Dam Safety Engineering Program should be contacted
immediately. A professional engineer must investigate
these types of embankment stability problems because
i so-called “home remedy™ may cause greater and more
serious damage to the embankment and eventually result
in unneeded expenditures for unsuccessful repairs,

T he dam embankment and any appurtenant dikes

Cracks

Short, isolated cracks are commonly due to drying and
shrinkage of the embankment surface and are not usu-
ally significant. They are usually less than 1 inch wide,
propagate in various directions, and occur especially
where the embankment lacks a healthy grass cover. Larger
{(wider than 1 inch), well-defined cracks may indicate a
more serious problem. There are generally two types of
these cracks: longitudinal and transverse. Longitudinal
cracks extend parallel to the crest of the embankment
and may indicate the carly stages of a slide on either the
upstream or downstream slope of the embankment. They
cancreate problems by allowing runoff to enter the cracks
and saturate the embankment which in turn can cause
instability of the embankment. Transverse cracks extend
perpendicular to the crest and can indicate differential
settlement within the embankment. Such cracks provide
avenues for seepage through the dam and could quickly
lead to piping, a severe seepage problem that will likely
cause the dam to fail.

If the owner finds small cracks during inspection of the |

dam, he/she should document the observations, and seal
the cracks to prevent runoff from saturating the embank-
ment. The documentation should consist of detailed notes
(including the location, length, approximate elevation,
and crack width). photographs, sketches, and possibly
monitoring stakes. The crack must then be monitored

during future inspections. If the crack becomes longer
or wider, a more serious problem such as a slide may
be developing, Large cracks indicate serious stability
problems. IT one is detected, the owner should contact
the Dam Safety Engineering Program and/or retain an
engineer to investigate the crack and prepare plans and
specifications for repairs. When muddy flow discharges
from a crack, the dam may be close to failure. The emer-
gency action plan should be initiated immediately and
the Dam Safety Engineering Program contacted.

Slides

A slide in an embankment or in natural soil or rock is a
mass movementof material. Some typical characteristics
of a slide are an arc-shaped crack or scarp along the top
and a bulge along the bottom of the slide (see drawing).
Slides may develop because ol poor soil compaction, the

Dam crest

Downstream
slope

Foundation
Shallow Slide Cross Section

Scarp

>Slide plane
Foundation

\Deepﬁeated Slide Cross Section /
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gradient of the slope being too steep for the embankment |
material, seepage, sudden drawdown of the lake level, |
undercutting of the embankment toe, or saturation and |
wedkening of the embankment or foundation. |

Slides can be divided into two main groups: shallow |
and deep-seated. Shallow slides generally affect the top |
2 to 3 feet of the embankment surface. Shallow slides are |
generally not threatening to the immediate safety of the |
dam and often result from wave erosion, collapsed rodent |

burrows, orsaturated top soil. Deep-seated slides are seri- |
ous, immediate threats o the safety of a dam. They can |

extend several feet below the surface of the embankment,

even below the foundation. A massive slide can initiate |
the catastrophic failure of a dam. Deep-seated slides are |

the result of serious problems within the embankment.

Small slides can be repaired by removing the vegeta- |
tion and any unsuitable fill from the area, compacting
suitable fill and adding topsoil to make the embankment |
uniform, and establishing a healthy grass cover, ITashal- |
tow or deep-seaied slide Is discovered, the Dam Safety | stability problems must be detected and repaired in a timely
Engineering Programshould be contacted and anengineer
retained to investigate the slide. Plans and specifications |

may need to be prepared for its repair depending onthe |, this thoroughly, proper vegetation must be regularly

findings of the investigation.

Depressions _
Depressions are sunken arcas of the abutment, toe
areq, or embankment surface. They may be created dur-
ing construction, or may be caused by decay of buried
organic materials, thawing of frozen embankment mate-
rial, internal erosion of the embankment, or settlement |

(consolidation) of the embankment or its foundation. To |
a cerlain degree, minor depressions are commeon and do |

not necessarily indicate a serious problem. (An embank-

ment with several minor depressions may be described as |
hummocky.) However, larger depressions may indicate |
serious problems suchas weak foundation materials, poor |
compaction of the embankment during construction, or

internal erosion of the embankment {ill,

Ted Strickland Governor e

Sean 0. Logan Director e

Depressions can create low areas along the crest, cracks
- through the embankment, structural damage to spillways or
other appurtenant structures, damage 10 internal drainage
systems, or general instability of the embankment. They can
also inhibit maintenance of the dam and make detection of
stability or seepage problems difficult.

The owner should monitor depressions during the regular
inspection of the dam. Alf observations should be documented
with detailed notes, photographs, and sketches, Minor de-
pressions can be repaired by removing the vegetation and
any unsuitable fill from the area, adding fill and then topsoil
to make the embankment uniform, and finally establishing
a healthy grass cover. An engineer should be retained to
investigate large depressions or settlement areas. Plans and
specifications may need to be prepared for its repair depend-
ing on the findings of the investigation,

Importance of Inspection
Stability problems can threaten the safety of the dam and
the safety of people and property downstream. Therefore,

manner. The entire embankment should be routinely and
closely inspected for cracks, slides, and depressions. To

maintained on the embankment. Improper or overgrown
vegetation can inhibit visual inspection and maintenance

- of the dam. Accurate inspection records are also needed o
- detect stability problems. These records can help determine

if a condition is new, slowly changing, or rapidly changing.
A rapidly changing condition or the sudden development of
i large crack, slide, or depression indicates a very serious
prablem, and the Dam Safety Engineering Program must be
contacted immediately,

Any other questions, comments concermns, or fact sheet
requests, should be directed (o the Division of Water at the
following address:

Ohio Department of Natural Resources
Division of Water
Dam Safety Engineering Program
2045 Morse Road
Columbus, Ohio 432209-6693
Yoice: (014) 265-6731 Fax: (614) 447-9503
Website: httpr//www.dnr.state.oh.us/water
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Dam Safety: Ground Cover

he establishment and control of proper vegetation
arean important partofdam maintenance. Properly

control of groundhogs and muskrats. The uncontrofled
growth of vegetation can damage embankments and
concrete structures and make close inspection difficult,

Grass vegetation is an effective and inexpensive way
to prevent erosion of embankment surfaces, If properly
maintained, it also enhances the appearance of the dam
and provides a surface that can be easily inspected. Roots
and stemns tend to trap fine sand and soil particles, form-
ing an erosion-resistant layer once the plants are well
established. Grass vegetation may not be effective in

arcas of concentrated runoff, such as at the contact of
the embankment and abutments, or in areas subjected |
. Embedding railroad ties or other treated wood beams into
- an embankment slope to form steps is one of the most
- successful and inexpensive methods used to provide a
protected pathway.

Bare areas on an embankment are void of protective
cover (e.g. grass, asphall, riprap etc.). They are more |

o wave action,

Common Problems
Bare Areas

susceptible to erosion which can lead to localized stability

topsoil must be prepared with fertilizer and then scarified
before sowing seed. Types of grass vegetation that have
beenusedondams in Ohioare bluegrass, fescue, rvegrass,
alfalla, clover, and redtop. One suggested seed mixture
is 0% Kentucky Bluegrass, 60% Kentucky 31 Fescue,
and 0% Perennial Ryegrass. Once the seed is sown, the
area should be mulched and watered regularly.

Erosion

Embankment slopes are normally designed and con-
structed so that the surface drainage will be spread out in

athin layeras“sheet low™ overthe grass cover, Whenthe

sod is in poor condition or flow is coneentrated at one or | has been used O s0me d“."'”" in Ohio but is not recom-
more locations, the resulting erosion will leave rills and | Mmended (see Figure 1). Tthides the embankment '“",'ﬁ'ce*
aullies in the embankment slope. The erosion will cause | Preventing eau']}fdctgcimn {‘.u!"Cl'ﬂCkﬁ and erosion. [tis not
loss of material and make mainienance of the embank- | €/fective in preventing erosion.

ment difficutt. Prompt repair of the crosion is required

to prevent more serious damage to the embankment, I

- erosion gullics are extensive, a registered professional
- engineer may be required to design a more rigid repair

maintained vegetation can help preventerosion of
embankment and earth channel surfaces, and aid in the

such as riprap or concrete. Minor rills and gullies can
be repaired by filling them with compacted cohesive

- material. Topsoil should be a minimum of 4 inches deep.
- The area should then be seeded and mulched. Not only
" should the eroded areas be repaired, but the cause of
U the erosion should be addressed to prevent a continued
[ maintenance problem.

Footpaths
Paths from animal and pedestrian traffic are problems

cotumon to many embankments. If a path has become

established, vegetation in this area will not provide
adeguate protection and a more durable cover will be
required unless the traffic is eliminated. Gravel, asphalt,
and concrete have been used effectively o cover footpaths.

Vehicle Ruts
Yehicle ruts can also be a problem on the embankment,

problems such as small slides and sloughs. Bare areas Vehicular traffic on the dam should be discouraged es-

must be repaired by establishing a proper grass cover or pecially during wet conditions excepl when necessary.

by installing other protective cover. If using grass, the | Water collected in ruts may cause localized saturation,
en o thereby weakening the embankment, Vehicles can also
- severely damage the vegetation on embankments, Worn
o areas could lead to erosion and more serious probleims,
- Ruts that develop in the crest should be repaired by
| grading to direct all surface drainage into the impound-

- ment. Bare and eroded areas should be repaired using the

methods mentioned in the above sections. Constructed

- barriers such as fences and gates are effective ways 10

limit access of vehicles,

Improper Vegetation
Crown vetch, a perennial plant with small pink flowers,

Continted on back!




Figure 1: Crown Yetch
(Source: hitpdfwww.vg com)

Vines and woody vegetation such as trees and brush also
hide the embankment surface preventing early detection
of cracks and erosion. Tall vegetation also provides a
habitat for burrowing animals. All improper vegetation
must be removed from the entire embankment surface,
Any residual roots that are larger than 3 inches in di-
ameter must be removed. All roots should be removed
down to a depth of at least 6 inches and replaced with a
compacted clay material; then 4 inches of topsoil should
be placed on the disturbed areas of the slope. Finally,
these areas must be seeded and mulched to establish a
Proper grass cover.

Maintenance

Embankments, areas adjacent to spillway structures,
vegetated channels, and other areas associated with a dam
require continual maintenance of the vegetal cover, Remowval
of improper vegetation is necessary for the proper mainte-
nance of a dam, dike or levee. All embankment slopes and
vegetated earth spillways should be mowed at least twice a
year. Reasons for proper maintenance of the vegetal cover

| include unobstructed viewing during inspection, maintenance

of a non-erodible surface, discouragement of burrowing
animal habitation, and aesthetics.

Common methods for control of vegetation include the
use of weed trimmers or power brush-cutters and mowers.
Chemical spraying to kill small trees and brush is acceptable
il precautions are taken to protect the local environment.
Some chemical spraying may require proper training prior
to application. Additional information can be found on the
Trees and Brush Fact Sheet.

Any other questions, comments concerns, or fact sheet
requests, should be directed o the Division of Water at the
following address:

Ohio Department of Natural Resources
Division of Water
Dam Safety Engineering Program
2045 Morse Road
Columbus, Ohio 43229-6693
Voice: (614) 265-6731 Fax: (614) 447-9503
Website: http://www.dnr.state.oh.us/water

Ted Strickland Governor = Sean D. Logan Director =  Deborah Hoffman Chief
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Fact Sheet 99-55

Dam Safety: Spillway Conduit System Problems

any dams have conduit syslems that serve as

principal spillways. These conduit systems are
Coean extend well into the embankment, In this case, un-

required tocarry normal stream and small flood

flows safely past the embankment throughout the life of
| misalignment, separated joints and pipe deterioration.

the structure. Conduits through embankments are difficult

to construct properly and can be extremely dangerous |
| relates to undermining of the pipe outlet can be found in

to the embankment if problems develop after construc-

tion. Conduits are usually difficult to repair because of |
their location within the embuankment. Also, replacing |

conduits reguires extensive excavation. [n order to avoid | : ;
| preventative measure tocontrol seepage along the conduit

| and undermining. Regular monitoring of conduit systems

difficult and costly repairs, particular attention should
be directed to maintaining these structures. The most

common problem noted with spillway conduit systems |
- dermining or any precursors. These precursors usually
results from water leaking through pipe joints, seepage | include pipe deformation, misalignment and differential
along the conduit or inadequate energy dissipation at the
i of joint material,
leaking through pipe joints include any one or a com- |

- Pipe deformation

is undermining of the conduit. This condition typically

conduit outlet. The typical causes of seepage and water

bination of the following Factors: loss of joint material,
separaled joints, misalignment, differential settlement,
conduit deterioration, and pipe deformation. Problems
in any of these areas may lead to Failure of the spillway
system and possibly dam failure,

Undermining

Undermining is the removal of foundation material
surrounding a conduit system. Any low areas or unex-
plained settlement of the earthfill in line with the conduit
may indicate that undermining has occurred within the
embankment. As erosion conlinues, undermining ol a
conduitcan lead to displacement and collapse of the pipe
sections and cause sloughing, sliding or other forms of
instability in the embankment. As the embankment is
wealkened, o complete failure of the conduit system and,
eventually the dam may occur,

Seepage along the conduit from the reservoir can oc-
cur as a result of poor compaction around the conduit.
If seepage control devices have not been mstalled, the
seepage may remove foundation material from around
the conduit and eventually lead to undermining,

In addition, undermining can occuras the result of ero-
sion due to inadequate energy dissipation or inadequate

| erosion protection at the outlet. This undermining can

be visually observed at the outlet of a pipe system and
dermining can lead to other conduit problems such as
An extensive discussion on outlet erosion control as it
the *Outlet Erosion Control Structures™ fact sheet,

Installation of seepage control devices is required as a

must include visual observation and notation of any un-

settlement, pipe deterioration, separited joints and loss

Pipe deformations are typically caused by external

 loads that are applied on a pipe such as the weight of
- the embankment or heavy equipment. Collapse of the
© pipe can cause failure of the joints and allow erosion of

the supporting fill. This may lead to undermining and
settlement. Pipe deformation may reduce or eliminate
spillway capacity. Pipe deformation must be monitored
om a regular basis to ensuce that no further deformation
i occurring, that pipe joints are intact and that no un-

dermining or settlement is occurring.

- Separated joints and loss of joint material:

Joint Deterioration
Conduit systermns usually have construction andfor

i osection joints. In almost every situation, the joints will
¢ have a water stop, mechanical seal and/or chemical seal
o prevent leakage of water through the joint. Separation
- and deterioration can destroy the watertight integrity of
- the joint. Joint deterioration can result from weathering,
| EXCEssive secpage, erosion oF corrosion, Separation at a
- joint may be the result of a more serious condition such
- as foundation settlement, undermining, structural damage

or structural instability. Deterioration at joints includes

- loss of gasket material, toss of joint sealant and spalling

Ceontinued on bock!




around the edges of joints. Sepavation of joints and loss
of jointmaterial allow seepage through the pipe. This can
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undermining, which can lead to the displacement of the |

pipe sections. Separated pipe joints can be detected by
inspecting the interior of the conduit. A regular monitoring

jointdeterioration. Joint separations should be monitored
to determine if movement is continuing.

Conduit Deterioration

forces of nature such as wetting and drying, freezing and
thawing, oxidation, decay, ultra-violet light, cavitation

and the erosive forces of water. Deterioration of pipe
- water seeping along the exterior surface of the conduit,
- Generally, this is noted by water flowing from under the
Additional information on deterioration can be found on

materials and joints can lead to seepage through and along
the conduit and eventually failure of conduit systems.

the “Problems with Concrete Materials™, “Problems with
Metal Materials”, and “Problems with Plastic (Polymer)
Materials” fact sheets.

Differential Settlement

of observations,

Misalignment

Alignment deviations can be an indication of movement, |
which may or may not be in excess of design tolerances. | requests, should be divected to the Division of Water at
- the following address:
of conduil systems. Misalignment can be the directresult |
of internal seepage lows that have removed soil particles |
or dissolved soluble rock. Misalignment can also result |
from poor construction practices, collapse of deteriorated |
conduits, decay of organic material in the dam, seismic |
events or normal settfement due to consolidation of
embankment or foundation materials, Excessive mis- |
alignment may result in other problems such as cracks, |
depressions, slides on the embankment, joint separation
and seepage. Both the vertical and horizontal alignment |

Proper alignment is important to the structural integrity

of the conduit should be monitored on a regular basis.

Ted Strickland Governor e
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Monitoring and Repair

Frequent inspection is necessary to ensure that the pipe

inspected thoroughly once a yvear, Conduits that are 24

Uinches or more in dinmeter can be entered and visually
i inspected with proper ventilation and confined space pre-
program is needed to determine the rate and severity of | caurions. Small inaccessible conduits may be monitored
[ with video cameras, The conduits should be inspected
. for misalignment, separated joints, loss of joint material,
U deformations, leaks, differential settlement and undermin-
- ing. Problems with conduits occur most often at joints,
Deterioration of conduit material is normally dueto the
- inspection. The joint should be checked for separation

- caused by misaliznment or settlement and loss of joint-

and special attention should be given to them during the

filler material. The outlet should be checked for signs of

conduit and/or the lack of foundation material directly
beneath the conduit, The embankment surface should be
monitored for depressions or sinkholes. Depressions or

i sinkholes on the embankment surface above the spillway
- conduit system develop when the underlying material

is eroded and displaced. Photographs along with wril-

Remaoval or consolidation of foundation material from | @0 records of the monitoring items performed provide

around the conduit can cause differential settlement. |
Inadequate compaction immediately next to the conduit |
system during construction would compound the problem. |

Differential settlement can ultimately lead to undermining | conduit is difficult and should not be attempted without

of the conduit system. Differential settlement should be - careful planning and proper professional supervision.

monitored with routine inspections and documentation |

invaluable information,

Effective repair of the internal surface or joint of a

Various construction techniques can be applied For mi-
nor joint repair and conduit leakage, but major repairs

- require a plan be developed by a professional engineer
- experienced in dam spillway construction.

Any other questions, comuments concerns, o fact sheet

Ohio Department of Natural Resources
Division of Water
Dam Safety Engineering Program
2045 Morse Road
Columbus, Ohio 43229-6693
Voice: (614) 265-6731 Fax: (614) 447-9503
Wehsite: http/fwww.dnrstate.oh, us/water

Dehorah Hoffman Chief
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Fact Sheet 99-56

Dam Safety: Problems with Concrete Materials

isual inspection of concrete will allow for the

detection of distressed or deteriorated areas.

Problems with concrete include construction
errors, disintegration, scaling, cracking, efflorescence,
grosion, spalling, and popouts.

Construction Errors

Errors made during construction such as adding im-
proper amounts of water to the concrete mix, inadequate
consolidation, and impropercuring can cause distress and
deterioration of the concrete. Proper mix design, place-
ment, and curing of the concrete, as well asanexperienced
contractor are essential to prevent construction errors

he observed after construction,

Honeycombing can be recognized by exposed coarse |
aggregate on the surface without any mortar covering or . the water in the pore spaces within the concrete freezes
surrounding the aggregate particles. The honeycombing | and expands, damaging the concrete. Repeated cycles
| of freezing and thawing will result in surface scaling

be caused by a poorly graded conerete mix, by too large | and can Jead to disintegration of the concrete, Hydraulic
of a coarse aggregate, or by insufficient vibration at the | structures are especially susceptible to freeze-thaw dam-
- age since they are more likely to be critically saturated.
- Older structures are also more susceptible to freeze-thaw
- damage since the concrete was not air entrained. In addi-
- tion, acidic substances in the surrounding soil and water
o can cause disintegration of the concrete surface due to a
- reaction between the acid and the hydrated cement,

may extend deep into the concrete. Honeycombing can

time of placement. Honeycombing will result in further
deterioration of the concrele due 1o freeze-thaw because
moisture can easily work its way into the honeycombed
areas. Severe honeycombing should be repaired to prevent
further deterioration of the concrete surface.

Bugholes is a term used to describe small holes (less
than about 0.25 inch in diameter) that are noticeable
on the surface of the concrete, Bugholes are cenerally
caused by oo much sand in the mix, a mix that is o
lean, or excessive amplitude of vibration during place-
ment. Bugholes may cause durability problems with the
concrele and should be monitored.

Disintegration and Scaling

the conerete into small fragments and individual aggre-

gates, Scaling is a milder form of disintegration where
erazing or map cracks. The placement of new concrele

the surface mortar Makes off, Larze areas of crumbling

(rotten} concrete, areas of deterioration which are more |

than about 3 to 4 inches deep (depending on the wall/slab

- thickness), and exposed rebar indicate serious concrete
- deterioration. If not repaired, this type of concrete dete-
- rioration may lead to structural instability of the concrete
- structure, Aregistered professional engineer must prepare
- plans and specifications for repair of serious concrete de-
- terioration. Foradditional information, see the " Concrete
. Repair Techniques™ fact sheet.

Disintegration can be a result of many causes such as

- freezing and thawing, chemical attack, and poor con-
- ostruction practices. All exposed concrete 15 subject 1o
- freeze-thaw, but the concrete’s resistance to weathering
- is determined by the concrete mix and the age of the

from oceurring. Construction errors can lead to some | concrete. Concrete with the proper amounts of air, water,

of the problems discussed later in this fact sheet such as | @nd cement, andaproperly sized aggregate, will be much

scaling and cracking. Honeycombing and bugholes can | MOre durable. In addition, proper drainage is essential in
- preventing freeze-thaw damage. When critically saturated

[ concrete (when 9049 of the pore space in the concrete is

filled with water) is exposed to freezing temperatures,

- Cracks

Cracks in the concrete may be structural or surface
cracks. Surface cracks are generally less than a few mil-
limeters wide and deep. These are often called hairline

- cracks and may consist of single, thin cracks, or cracks
- in a craze/map-like pattern. A small number of surface
U or shrinkage cracks is common and does not usually
Ccause any problems. Surface cracks can be caused by
Disintegration can be described as the deterioration of |
alkali-aggregate reactivity. Alkali-aggregate reactivily

freezing and thawing, poor construction practices, and
oceurs when the agaregate reacts with the cementcausing

overold may cause surface cracks to develop. This occurs
Cantinued on back!




because the new concrete will shrink as it cures, Surface |

cracks in the spillway should be monitored and will need

to be repaired if they deteriorate further.

Structural cracks in the concrete are usually larger than |
(.25 inch in width, They extend deeper into the concrete
and may extend all the way through a wall, slab, or other |
structural member. Structural cracks are often caused by |
settlement of the fill material supporting the concrete
structure, or by loss of the fill support due to erosion. The |
structural cracks may worsen in severity due to the forces |

of weathering. A registered professional engineerknowl- | .\ aadod the design. Spalling may occur on a smaller

edgeable about dam safety must investigate the cause of

structural cracks and prepare plans and specifications for

repairofany structural eracks, Foradditional information, |

see the “Concrete Repair Techniques” fact sheet,

Efflorescence

Aowhite, crystallized substance, knownas efflorescence, |
may sometimes be noted on concrete surfaces, especially
spillway sidewalls. [tis usually noted near hairline orthin
cracks. Efflorescence is formed by water seeping through

the pores or thin cracks in the concrete. When the water

eviporates, itleaves behind some minerals thathave been
leached from the soil, Afl, or concrete, Effforescence is |
typically notastructural problem. Efflorescence shouldbe
monitored because it can indicate the amount of seepage
finding its way through thin cracks in the concrete and

cansignal areas where problems (i.e. inadequate drainage

behind the wall ordeterioration of concrete} could develop.
Also, water seeping through thin cracks in the wall will
make the concrete more susceptible to detevioration due

to freezing and thawing of the water,

Erosion

Erosion due to abrasion results in a worn concrete sur-
face, Ttis caused by the rubbing and grinding of aggre-
aate or other debris on the conerete surface of a spillway
channel or stilling basin, Minor erosion is not a problem |
but severe erosion can jeopardize the structural integrity -
of the concrete. A registered professional engineer must |

prepare plans and specifications for repair of this type of
erosion if it is severe.

Erosion due to cavitation results in a rough, pitted con-

crete surface, Cavitation is a process in which subatmo-

spheric pressures, turbulent low and impact energy are

created and will damage the concrete, If the shape of the
upper curve on the ogee spillway is not designed close |

Tead Strickland Govermnor e
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tor its ideal shape, cavitation may ocour just below the
upper curve, causing erosion. A registered professional
engineer must prepare plans and specifications for repair
of this type of erosion if the concrete becomes severely
pitted which could lead to structural damage or failure
of the structure,

Spalling and Popouts

Spalling 15 the loss of larger pieces or flakes of concrete.
It is typically caused by sudden impact of something
dropped on the concrete or stress in the concrete that

scale, creating popouts. Popouts are formed as the water
in saturated coarse aggregate particles near the surface
freezes, expands, and pushes off the top of the aggregate
and surrounding mortar to create a shallow conical de-
pression. Popouts are typically not a structural problem.
However, il a spall is large and causes structural damage,
aregistered professional engineer must prepare plans and
specifications to repair the spalling.

Inspection and Monitoring

Regular inspection and monitoring is essential to detect
problems with concrete materials. Concrete structures
should be inspected a minimum of once per year. The
inspector should also look at the interior condition of
concrete spillway conduit, Proper ventilation and confined
spitce precautions must be considered when entering a
conduit, It is important to keep written records of the
dimensions and extent of scaling, disintegration, efflo-
rescence, honeycombing, erosion, spalling, popouts, and
the length and width of cracks, Structural cracks should
be monitored more frequently and repaired if they are a
threat to the stability of the structure ov dam. Photographs
provide invaluable records of changing conditions. A
rapidly changing condition may indicate a very serious
problem, and the Dam Safely Engineering Program
should be contacted immediately, All records should
be kept in the operalion, maintenance, and inspection
manual for the dam,

Any other guestions, comments concerns, or Fact sheet
reguests, should be directed to the Division of Watcr at
the following address:

Ohio Department of MNatural Resources
Division of Water
Diam Safety Engineering Program
2043 Morse Road
Columbus, Ohio 43229.6043
Woice: (014) 265-6731 Fax: (614} 447-9503
Website: http:fwww.dnrstate.oh.us/water

Deborah Hoffman Chief
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Fact Sheet 99-57

Dam Safety: Problems with Metal Materials

orrosion is a4 common problem for spillway
conduits and other metal appurtenances. Corro-
sion is the deterioration or breakdown of metal

because of a reaction with its enviconment. Exposure to |
mosiure, acidic conditions, or salt will accelerate the |

corrosion process. Acid runoff from strip-mined areas

will cause rapid corrosion of metal conduits, In these
areas, conduits made of less corrodible materials suchas
concrete or plastic should be used. Soil types also factor
- conduits inservice are generally not very effective because
© of the difficulty in establishing an adequate bond,

and poorly aerated. Silts are somewhere in between clays |

and sands, Someexamples of metal conduits include due- | )
i cathodic protection. A metallic anode such as magnesium

inte the amount of corrosion. Clayey soils can be more
coreosive than sandy soils since they are poorly drained

tile iron, smooth steel, and corrugated metal. Corrugated

metal pipe is not recommended for use in dams since the
service life for corrugated metal is only 25 to 30 years, |
- magnesium (anode) to the conduit (cathode) will cause
| the magnesium to corrode and not the conduit. However,

whereas the life expectancy for dams is much longer. In
areas of acidic waler, the service life can be much less,

Therefore, corrugated metal spillway conduits typically
. regular inspection of this active system.

need to be repaired or replaced early in the dam’s design
life, which can be very expensive.

Figure | - Example of a corrugated metal pipe
and riser spitlway.

Conduit coating is an effective way of contralling cor-

- rosion of metal conduits if used properly. Ttis relatively

mexpensive and extends the life of the conduit. Some
examples of coatings include cement-mortar, epoxy,
aluminum, or polyethylene film. Asphalt (bituminous)
coatings are not recommended since their service life is
usually only one or two years. Coatings must be applied
tothe conduit prior to installation and protected to ensure
that the coating is not scratched off. Coatings applied to

Corrosion canalso be controlled or arrested by installing
{orzing) is buried in the so1l and is connected to the metal
conduit by wire. Natural voltage current flowing from the

sufficient maintenance funds should be allocated for the

IF corrosion is allowed to continue, metal conduits will

U orust out, The spillway must be repaired before water
- flows through the rusted out portion of the conduit and
erodes the A1l malerial of the embankment, Continued

erosion can lead to failure of the dam, Sliplining can
be an economical and effective method of permanently

- restoring deteriorated spillways. During sliplining, a
Csmaller diameter pipe is inserted into the old spillway
¢ conduit and then grout is used to Gl in the void between
o the two pipes. If sliplining the spillway is not feasible,

the lake may need to be drained and a new spithway must

- be installed. A vegistered professional engineer must be
- retained o develop and subimit plans and specifications
- for any major modifications such as spillway sliplining
o oor replacement,

Corrosion of the metal parts of the operating mecha-

©onisms such as lake drain valves and sluice gates can be
i effectively treated by keeping these parts lubricated and
- Jor painted. IT the device has not been operated in several
- years, aqualified person {i.e. manufacturer’'s representa-
' tive or registered professional engineer) should inspect
Lt to determine its operability. Caution must be used

Continued on back!




to prevent the mechanism from breaking, A registered

professional engineer may be needed to prepare plans |
and specifications for repair if the device is determined

to be inoperable.

Regular inspection and monitoring is essential to detect |

any problems with metal materials. Coatings on metal
pipes should be inspected for scratched and worn areas.
The inspector should also look for corrosion inside the

spillway conduit. Proper ventilation and confined space |
precautions must be considered when entering the spill- |
waty conduit system. [fusing cathodic protection, regular

I Any other questions, comments concerns, or fact sheet
requests, should be directed to the Division of Water at
the following address:

Ohio Department of Natural Resources
Division of Water
Dam Safety Engineering Program
2045 Morse Road
Columbus, Ohio 43229-6693
WVoice: (614) 265-6731 Fax: (614) 447-9503
Website: http://www.dnrstate.oh.us/water

inspections are required to verify that the system is work-
ing properly. It is important to keep written records of ¢

the amount of surface rust, pitting, and corrosion on any |

metal surface. Areas of thin metal should be monitored

more frequently and repaired or replaced if they rust |
out. Photographs provide invaluable records of changing
conditions, A rapidly changing condition may indicate a |
very serious problem, and the Dam Safety Engineering |
Program should be contacted immediately. All records |
should be kept in the operation, maintenance, and inspec- |

tion manual for the dam,

Ted Strickland Governor e

Saan D, Logan Director e

Dahorah Hoffman Chiel

[ TR




Ohio Department of Natural Resources
Division of Water Fact Sheet

Fact Sheet 99-39

Dam Safety: Open Channel Spillways

(Concrete Chutes and Weirs)

oncrete chutes and weirs are used for principal
spillways and emergency spillways, The principal

spillway is used to pass normal flows, and the

emergency spillway provides additional flow capacity
during large flood events. If the principal spillway for
a dam is & concrete weir and/or chute, the low capac-

not needed. Unlike grass-lined channel spillways that

should abways be located on natural ground, a concrete

weir or chute may be located on the dam, but must be
properly designed so that the integrity of the dam is not
endangered,

The main components of a concrete chute spillway are
the inlet structure, control section, discharge channel,
and outlet erosion control structure, The inlet structure
conveys water to the control section, The control section
is the highest point in the channel and regulates the out-

flow from the reservoir. It is usually focated on or near |

the crest of the dam. The control section may consist
of a concrete weir or may simply be the most elevated
slab in the Hoor of the chute. The discharge channel is
located downstreamn of the control section and conveys
fow to the outlet erosion control structure. This structure
15 designed to dissipate most of the erosive energy of the
flow before it enters the downstream channel,

Overall Design and Safety Considerations

Alignment

For good hydraulic performance, abrupt changes should
be avoided, This applies to sudden changes in vertical
elevation of the chute Aoor, abrapt widening or narrow-
ing of the chute, and sharp turns in the chute, Anything
that will abruptly disrupt or change the direction of the
flow in the chute will reduce Aow capacity and will
place more stress on the concrete. The best performance
is obtained when the distribution of flow is even across
the channel.

Setilement and Movement

Abnormal settlement, heaving, deflections, and lateral
movement of the sidewalls or Qoor slabs of the spillway
can occur, Movemenis are usually caused by a loss of
underlying material, excessive setilement of the Gl or the
butldup of water pressure behind or under the structure,

¢ Any abnormal settlement, heaving, deflections or lateral
Cmovement in the concrete spillway should be hmumedi-

ately investigated by a registered professional engineer
knowledgeable about dam safety. As necessary, plans
and specifications for repair to the spillway should also

- be promptly developed and implemented by a registered
ity may be large enough that an emergency spillway is

professional engineer.

The concrete sidewalls and floor of the chute must have
enough strength 1o withstand water loads, soil/fill toads,

- uplift forces, weathering, and abrasion. The forces of
- weathering, movement of abrasive materials by water
. flowing in the spillway, or cavitation may cause surface
i defects or more serious concrete deterioration. The freeze-
| thaw cycle is the most damaging weathering force acting

on exposed concrete. The concrete’s durability and resis-

- tance to weathering and deterioration will be determined
I by the concrete mix, age of the concrete, and proper sealing

of the joints, Typical problems with concrete structures
include scaling, spalling, honeycombing, bugholes, and

. popouts. Please refer to the “Problems with Concrete
C Materials™ fact sheet for further explanation of these
- problems and more details about concrete durability and
- design. Plans and specifications for repair of structueal
©eracks, or otherstructural problems, should be developed
Cand implemented by a registered professional engineer
- 5o that the integrity of the spillway andfor embankment
- is not jeopardized.

Undermining
Undermining of the chute may occur at any point along

- its length, The chute may become undermined at the inlet
- and/or outlet due to an inadequate cutoff wall or erosion
- protection, Erosion beneath and alongside the spillway
| may also be caused by seepage and inadequate drainage.
. Undermining and erosion will lead to settlement of the
undermined portions of the chute. [f the conerete spillway
{is located on the embankment, undermining and collapse
- of portions of the chute will jeopardize the safety of the
o dam. If the spillway is located in the abutment, erosion
- and fowering of the lake level may result. A registered
¢ professional engineer should be hired to develop plans
- and specifications to repair undermining of the chute.

Continued on back!




Cutolf Wall and Endwall

AcutofTwall should be placed &t the entrance to the con- |

crete chute to prevent the flow approaching and entering |
the chute from lowing beneath and undermining the Aoor |

slabs, Undermining of the chute can cause cracking and
collapse of the slabs as the underlying material is eroded
away. [n addition, a cutoff wall is necessary at the down-
stream end of the chute in order to prevent undermining
by flows exiting the chute and entering the downstream

channel, The cutoff wall or endwall should be founded |

on bedrock or have adequate support to provide stability
and prevent undermining of the wall itself,

Outlet Erosion Control Structure
The discharge at the cutlet may exit the chute at a high

velocity. Based on the anticipated velocity, energy, and |

volume of flow, a structure may be needed to protect
the spillway andf/or dam from erosion and undermining,

fact sheet for more detailed information.

Seepage

The rate and content of flow from weep holes and relief | ymount of stress and strain on the conerete and can also

drains must be monitored and documented regularly. | cayse heaving, cracking and additional serious damageto

obstructions inchude debris, gravel, sediment and rodent
nests. Water should not be permitted to submerge the pipe
outlets for extended periods of time. This will inhibit
inspection and maintenance and may cause the drains
to clog. Also see the “Seepage Through Earthen Dams™
Fact sheet for more information,

Underdrainage and Weep Holes

Weep holes, relief drains and underdrains must be
included with the concrele chute to relieve excessive
water pressure or infiltration from behind the walls and
foor. The drainage system For the chute should consist
of carrectly placed and sized drainage holes, perforated
pipes, and filter and bedding materials, such as sand
and gravel, Seepage can oceur through the dam, along
the contact between the embankment and the concrete

- chute, or through open joints and cracks, Uncontrolled
- seepage flow along the structure can erode the underlying
Please refer to the "Outlet Erosion Control Structures™ |

fill material (undermining) which may cause cracking or
buckling ol the slabs, Excessive pressure behind the walls
and foor of the chute can cause cracking and heaving

- of the concrete. The freeze-thaw cycle can increase the

Muddy fow may indicate erosion of fill material along the |

spillway or piping through the embankment. The presence | age for a concrete chute spillway should be designed by

of soil particles or muddy flow from the drains indicates
thatthe filter or underdrainage is not functioning properly
and 15 allowing the migration of soil particles from the |
embankment. Sudden increases in (Tow, or muddy flow

fromm the drains should be immediately investigated by

drain(s) and embankment should also be developed and

the structure. Weep holes, relief drains, and underdrain-
a4 registered professional engineer.

Any other questions, comments concerns, or fact sheet
requests, should be directed to the Division of Water at

o the following address:
a registered professional engineer in order to determine |
the cause and severity of the problem. Plans and speci-
fications to properly control the seepage and repair the

carried out under the direction of a registered profes-

sional engineer.

In addition to monitoring the amount of Qow, normal

maintenance consists of removing all obstructions from |
drain holes and pipes to allow free drainage. Typical |
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Remediation Alternatives

he Division of Water, Dam Safety Engincering

Program, has the statutory responsibility to ensure

that human fife, health, and property are protected
from dam failures. The program regulates dams meeting
certain height and storage eriteria based an the provisions
of the Ohio Revised Code (ORC) and Ohio Administra-
tive Code (OAC) These criteria are listed in the ORC and
OAC and in the Division of Water's Construction Permit
and Dam Classification fact sheets. For all dams meeting
these criteria, the program regulates their construction,
operation, and repair to ensure that dams meet the required
safety standards set forth in the ORC and OAC.

When the program finds that a dam has been constructed
without a permit or that an existing dam does not meet the
required safety standavds, the Division of Water directs the
owner 1o bring the dam into compliance. For a dam built
without a construction permit, the owner would receive a
letter that directs the owner to obtain a construction permit
by following the construction permit requirements listed in
the OAC and ORC. For an existing dam, the owner would

ment foundation areas, and a construction schedule, Other
items may be reguired in cortain circumstances. It is the
responsibility of the owner to hire a qualified registered
professional engineer,

Breach the Dam
Description: A breach s defined as an opening in a dam
that prevents the dam from impounding a significant

i amount of water (see photograph}. A breach extends from
i the upstream side of the embankment to the downstream
- side and typically has mild side slopes. A dam breach
- could be considered partial removal of a dam. Breaching
- the dam alleviates the need to obtain a construction permit
| or to address the required remedial measures listed in the
| Inspection repott.

receive a dam safery inspection report that lists required
remedial measures. The owner must accomplish all of these
required remedial measures. As alternatives to obtaininga |
construction permitor to accomplishing the required reme- |
dial measures listed in the inspection report, the owner may |
(a) remove thedam, (b) breach the dam, {¢) modify the height
of the dam to make it exempt from all or a portion of the |
construction permit and periodic inspection reguirements, |

or {d) modify the purpose of the structure so that it does
not meel the definition of o dam. Additional information
about cach of these alternatives is listed below,

Remove the Dam
Description: Dam removal consists of complete remaval

the site. Removing the dam alleviates the need to obtain a
construction permit or to accomplish the required remedial
measures listed in the inspection report.

Requirements: The following items must be prepared
by a registered professional engineer and submitted to the
Division of Water for review and approval: a plan for low-
cring the lake level, construction plans and specifications
for removing the embankment, plans and specifications

Photograph of dam breach from downstream, White
U ling shows former dam crest, and arrow shows center of
- breach.

Requirements: The following items must be preparcd

[ by a registered professional engineer and submitted to the

of the dam embankment to restore the original relief of | Division of Water for review and approval: a plan for low-

- ering the lake level, construction plans and specifications

i for constructing the breach, plans and specifications for
| controlling sediment in the impoundment, calculations or
| justification for sizing the breach, a description of erosion
- protection inthe breach area, anda schedule for construction.
[ Other items may be required in cortain circumstances, [t is
© the responsibility of the owner to hire a qualified registered
- professional enginecr.

for controlling sediment in the impoundment, a descrip-
tion of erosion protection in the breach and dam embank-

Continned on back!




Modify the Height of the Dam

Deseription: Reducing the height of a dam reduces the
dam’s storage volume. This can make the dam exempt from
the construction permitand periodic inspection requirements

of the ORC or change the classification of the structure.
Refer to the ORC for a compleie description of the height

Coany appurtenant works, which either does or may impound

and storage volwme critecia, In summary, & dam s exempt
from the construction permit and periodic inspection re- |
quirements when {a) it is not more than & feet high, or (k) |
it has not more than |5 acre-feet of storage volume at the |
top of dam clevation, or () it is not more than 10 feet high
and has not more than 50 acre-foet of storage volume at the |
top of dam elevation. For reference, a dam that is 15 feet |
high and impounds a 2.5-acre lake has a storage volume of |
about |5 acre-feet, Modifying the dam to meet the above |
criteria alleviates the need to obtain a construction permit |
or to accomplish the required remedial measures listed in |

the inspection report.

The classification of a dam is based on three factors: the |

dam’s height, storage capacity, and potential downstream

hazard. Bach factoris evaluated, and the final classification |

of the dam is based on the highest individual factor (Class
[ being the highest and Class [V being the lowest), When |

the classification based on downstream hazard is lower than

the classification based on height and storage capacity, itis |

if the height of the dam is reduced. In addition, reducing |
the height of a dam could change the potential impact of & |

the hazard classification.  Changing the classification |
could alleviate the need to accomplish some or all of the
required remedial measures listed in the inspection report, |
It should also be noted that Class TV dams do not require

a construction permit; however, they do require subimittal

of the preliminary design report to the Division of Water |

for approval,

water orother ligueficd material . A fill orstructure intended
solely for highway or railroad use that does not permanently
tnpond water or other liquelied material as determined by
the Chief is not considered a dam.” [t is possible to modify
the dam so that it no longer meets the definition above, For
example, draining the lake and installing a culvert at the
streambed elevation ar modifying the existing spillway to
be a culvert may be acceptable. This alleviates the need
to obtain a construction permit ov to address the required
remedial measures listed in the inspection report.

Requirements: The following items must be prepared by a
registered professional engineer and submitted to the Divi-
sion of Water for review and approval: a plan for lowering
the lake level, construction plans and specifications for the
maodification, plans and specifications for controlling sedi-
ment in the impoundment, calculations or justification for
design, and a schedule for construction, Other itoms may
be required in certain circumstances. [tis the responsibil-
ity of the owner to hire a qualified registered professional
cngineer.

As a temporary measure, the lake level of a dam may be
lowered and maintained at a lower level. A lower lake level
makes the dam safer by reducing water pressure on the

possible for the final classification of the dam to be changed dam and its foundation, reducing the volume of water that

would be released during a Failure, and providing more fAood
storage capacity. Maintaining the lake at o lower lake level

dam failure on the downstream arca, and thereby change | could allow fora less stringent time schedule for obtaining

a construction permit, accomplishing required remedial
measures, of modifying the size of the dam.

Otherlocal, state, and federal approval may be required for
the construction activitics listed above, T0s recommended
that the owner contact the Ohio Environmental Protection
Agency, Division of Surface Water - 401 Certification at

D AG14) 644-2135, the local Roodplain administrator, and the

Requirements: The following items must be prepared
by a registercd professional engineer and submitted to the |

Division of Water for review and approval: a plan for low- @ Y . : . . - .
- tion Projects, Guide No, 6" for more information regarding

ering the lake level, detailed storage volume calculations,

construction plans and specifications for lowering the dam

cresl, and supporting justification and caleulations show-

ing that the modified dam will operate safely. Other items
such as a dam failure analysis may be required in certain |
circumstances. [t is the responsibility of the owner to hire |,

aqualified registered professional engineer.

Modify the Purpose of the Structure

Description: Inaccordance with OAC Rule [501:21-301,
the definition of adam is “any artificial barrier together with |

Ted Strickland Governor s

Sean D. Logan Direclor  »

LS, Avmy Corps of Engincers district office. You may also
refer to the Division of Water web site to review “Stream
Manzgement Guide, Permit Checklist for Stream Modifica-

other agency approval or to review all of the Division of
Water fact sheets,

For additional information please contact;

Ohio Department of Natural Resources
Division of Water
Dam Safety Engineering Program
2045 Morse Road
Columbus, Ohio 43229-6693
WVoice: (614) 263-6731 Fax: (614) 447-9503
Website: http:/fwww.dnestate ohus/water
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