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1.

INTRODUCTION

Guidelines for Maintenance and I nspection of Dams was prepared to help you maintain and
inspect your dam on aregular schedule—to detect problems and prevent afailure of the dam.

Experience in Kentucky and other states shows that when dams are not properly maintained, it's
usually because the owners don’t understand the techniques necessary for a maintenance program.
Understanding and following the guidelines in this booklet may prevent a catastrophic failure of
your dam.

GENERAL INFORMATION

A.

WHAT ISA “DAM”?

Kentucky statutes (KRS 150.100) defines a dam as any artificial barrier (including
appurtenant works) which does, or can, impound or divert water and is, or will be:

(1) twenty-five feet or more high from the natural bed of the stream or watercourse at
the downstream tow of the barrier, as determined by the Department for
Environmental Protection, or

(2) has, or will have an impounding capacity of fifty acre-feet or more at the maximum
water storage elevation.

STATE PERMITS AND INSPECTIONS

Since 1948 anyone in Kentucky proposing to construct a dam has been required to submit
aplan to the state for review to obtain a permit. 1n 1966, adoption of guidelines for
evaluating dams was required by arevision made to the law.

In 1974, the permit system was revised to include regular state inspections of dams—
KRS 150.295 directs the Secretary of the Natural Resources and Environmental
Protection Cabinet to inspect dams and reservoirs on aregular schedule.

REGULAR MAINTENANCE AND INSPECTION IS ESSENTIAL

A dam failure can cause considerable |loss of capital investment, loss of income, and even
tragic loss of life. Some lakes have existed for such along time that their pools have
been accepted as the natural level, and many homes, industries and utilities rely on the
maintenance of the lake at the existing level. They depend on the owner to properly
operate, maintain and inspect the dam to prevent the creation of hazardous conditions to
downstream properties and residents.

Aside from moral obligation to keep the dam safe, the owner could be subjected to
liability claims, or even criminal charges, if the dam fails. Soit’s good business practice
to have an effective program of maintaining and inspecting you dam.



This booklet will help you to inspect your dam, but it’s not intended as a design manual
for making repairs. Useit to tell you whento call in aprofessional. Remember that all
problems may not be exposed in the course of your maintenance and visual inspection.
Do not rely on “home remedies’. Call in an experienced design engineer to remedy
problems.

PROMINENT TYPES OF DAM FAILURE

Dam failures are usually produced by improper design, construction, and maintenance. All dams
built in the future must follow guidelines in the regulations, and problems will hopefully be
minimized.

On many older dams, very little is known about their design and construction, so most conclusions
are based on knowledge from superficial inspections. With these older structuresit isimportant to
be aware of the prominent types of failures and the tell-tale signs the may warn you of failure.

Earth dam failures can generally be grouped into three classifications, briefly described below:

A.

HYDRAULIC FAILURE:

Hydraulic failures result from the uncontrolled flow of water over the dam, around the
dam, and adjacent to the dam, plus the erosive action of water on the dam and its
foundation. Earth dams are particularly susceptible to hydraulic failure since earth erodes
at relatively small velocities.

SEEPAGE FAILURE:

All dams exhibit some seepage, which must be controlled in velocity and amount.
Seepage occurs both through the dam and the foundation. If uncontrolled, it can erode
material from the foundation of an earth dam to forma conduit through which water can
pass, which often leads to complete failure of the structure. This phenomenon is known
as“piping”.

STRUCTURAL FAILURE:

Structural failure involves the rupture of the dam and/or its foundation. Thisis
particularly a hazard for large dams and for dams built of low strength materials such as
silts, slag, fly ash, etc.

Dam failures generally result from a complex interrelationship of these failure modes.
Uncontrolled seepage may weaken the soils and lead to a structural failure. A structural
failure may shorten the seepage path and lead to piping failure. Surface erosion may lead
to structural or piping failures. Tablesl, Il and I11 give a summary of failure and possible
remedies.












WHAT ARE THE MAIN ELEMENTS OF A DAM?

The main elements of an earth-fill dam—and most damsin Kentucky are earth-fill dams—are the
embankment and foundation, the principal or mechanical spillway, the emergency spillway, and
the drawdown facility.

The following descriptions of these elements will acquaint you with the nomenclature, or terms,
used in the parts of this booklet on maintenance and inspection. Figure 1 shows the elements of a
typical earth dam and illustrates the nomenclature followed in this booklet.

A.

The embankment is the primary part of the dam. It’s the section which impounds the
lake and holds the water. Earth-fill embankmentsfall into two main classifications:
homogeneous and zoned.

A homogeneous embankment is composed of essentially the same material throughout,
while a zoned embankment is divided into zones where different materials, such as rock,
are incorporated into some areas.

Most dams are zoned to some degree with compacted clay forming arelatively
impermeable zone for cutting off water flow. A cutoff core trench is used in many dams
to prevent the flow of water through the foundation material. The impermeable clay zone
is generally surrounded by a more pervious material, which will allow drainage. Seepage
through the damis collected and controlled y means such as toe drains, rock toes,
drainage blankets, relief wells, and chimney drains. All of the seepage control systems
involve a means of filtering the clay particles from the seepage and a method of
discharging the water in a safe manner.

The foundation material must have the strength to safely support the embankment and
reservoir. Seepage through the foundation must be controlled in such a manner that the
embankment will be stable under the design conditions and that the dam will store water
for itsintended purpose.

The slopes of the embankment must be vegetated to protect from the erosive effects of
rain. The upstream slope must have protection from wave action. Thisisusually
accomplished by arock blanket (riprap) or by aberm.

The dimensions of the dam depend on the purpose and the hazard classification of the
structure. Thetop width isafunction of height, but is sometimes enlarged to
accommodate aroadway. The steepness of the sopesisafunction of the material used in
construction, but is affected by such things as mai ntenance and access.

The hazard classification of the structure dictates minimum storms, which the dam must
be able to withstand. Regulations have guidelines for the minimum storms on which the
design is based and depend on the hazard classification. The top of the dam must be at an
elevation sufficient to pass the freeboard storm and any accompanying wave height. An
earth dam can fail rapidly if it is overtopped.






B. The principal or mechanical spillway is the spillway, which maintains the normal water
level of the lake. This spillway isusually either a metal or concrete pipe through the dam
and usually incorporates a stand pipe or riser intake structure. The principal spillway’s
function is to pass normal amounts of water past the dam in a safe and nonerosive
manner. Theintake structure must have provisionsto prevent its clogging with trash and
debris. Figure 2 depicts some typical principal spillway arrangements.

C. The emergency spillway is, asthe term implies, a spillway, which functions in emergency
conditions to prevent overtopping of the dam. Th most typical form of the emergency
spillway is an excavated channel in earth or rock near the dam. The function of the
emergency spillway isto pass the freeboard storm without overtopping the dam. The
spillway should always discharge away from the dam and should be constructed in such a
manner that the spillway will not fail die to erosion when it functions. Failure of the
spillway can be as catastrophic as failure of the dam. Discharge of the spillway onto the
dam can rapidly erode the embankment and cause failure of the dam.

Many of the older dams in Kentucky incorporate the functions of both the principal
spillway and emergency spillway into asingle structure. These structures are generally in
the form of concrete overflow sections or large culverts. Regardless of the form, the
spillway systems must be able to pass the freeboard stormsin a safe manner so the dam
will not be overtopped.

D. The drawdown facility provides a means for draining the pool. All dams should have a
drawdown facility for reasons of fluctuating pool level, to kill weeds and mosquitoes, to
lower the water level for repairs to the dam, and to drain the lake when failure of the dam
may beimminent. The drawdown facility is generally a pipe with a valve, which may be
operated as necessary. Many times the drawdown facility is incorporated into the
principal spillway design in the form of a gate valvein theriser. Regulations now reguire
the drawdown valve to be located on the upstream end of the conduit. This assures
minimum water pressure in the conduit and minimizes the risk due to an internal rupture
of the pipe.

The drawdown facility, when separate from the principal spillway facility, must have a
careful placement and compaction and anti-seep collars for the same reasonslisted in the

paragraph on principal spillways.
Common arrangements of the drawdown facility are shown in Figure 2.

MAINTAINING YOUR DAM PROPERLY

The maintenance will be discussed in relation to the main elements of the dam. Several items are
applicable to different elements. The maintenance of all elements needs to be viewed as an entity
rather than maintaining each element separately.






Embankment

1. Vegetation: A good cover of grass should be established and maintained.

a.  Seed, fertilize, and mulch areas, which are refilled, barren, or thinly vegetated. Apply
fertilizer applications at regular intervals. Watering may be necessary in dry seasons.

b. Mow the vegetation as needed. Mowing allows the grasses to establish athick erosion-
resistant god and also makes it much easier to detect any potentially dangerous conditions
such as seepage, erosion channels, cracks, and burrowing animals.

Treesand Brush: Removal and prevent the growth of trees and brush. These develop large
roots systems, which can provide seepage paths. Toppling of these can leave large holes,
which can weaken the embankment. Brush, vine, and kudzu obscure the surface, limit
inspections, and provide a haven for animals.

Erosion: Erosion control and repair is essential. Refill and compact all erosion channels on
the dam. Erosion channels occur on all areas of the dam, but are frequently most severe along
the line of contact at the abutments.

Slumps:. therepair of Slumps and dides on the damisimportant. A slump occurs for many
reasons such as improper compaction, side slopes being too steep, and as a result of seepage.
Determine the cause of the slump before repair. Correcting the underlying causes will save
you time, labor, and expenses over the life of the structure.

Wave Protection: Slope protection is particularly susceptible to weathering. The action of
waves, rain, freezing, and mechanical impacts can cause the movement, settlement, and/or
destruction to conform to the original section of the embankment.

Animals; The dam and surrounding area should be free of animal traffic and habitation.
Domesticated animals can damage the sod covering, especially if the cover isthin or the dam
iswet from rainfall. Overgrazing can reduce the erosion resistance of the vegetation. Keep
burrowing animals off of the dam by whatever means necessary. |If dens are found, promptly
repair them.

Principal Spillway:

1.

The primary purpose of the spillway isto pass normal flows of water in a safe manner. If this
is not being accomplished, then actions must be taken to accomplish it.

The conduit, or pipe must be sound and watertight. The conduit must have the strength to
support the external loads of the embankment and lake. When the pipe is composed of jointed
sections, those sections must be properly designed to remain watertight.



Immediately repair a collapsed or separated of any portion of the pipe; this will usually
involve drawing down the lake, and probably reconstructing part of the embankment.

3. All concrete structures should be sound and on firm foundations. Back fill with any
undermining and tightly seal with mastic joint filler. Any weep holes or drains associated
with concrete structures should be open and functional. Failure to keep drains operative can
cause damage to concrete structure and major cost in repairs.

4. Theprincipal spillway must pass flowsin a manner, which is not erosive to the dam,
foundation or the spillway. Erosion at the principal spillway outlet is caused by the high
velocity of the flow. Unchecked erosion can cause failure of the structure. Use measures
such as stilling basins to minimize erosion. Stilling basins are generally constructed of riprap
or concrete.

5. Obstruction of the principal spillway caused areduction of flow carrying capacity and
consequent increase in use of the emergency spillway with increased possibility of hydraulic
failure of the structure. Principal spillways should be equipped with trash racks and these
racks must be cleaned as a part of regular maintenance.

Emergency Spillway

1. Thefunction of the emergency spillway isto convey flood flows past the dam so thedam is
not overtopped. This function must be accomplished.

2. The earth portion of the spillway will require vegetation like that on the embankment.
Grasses should be thick, well-bedded sods that is mown and fertilized regularly. Barren areas
and thinly vegetated areas reseed and fertilize. Keep the spillway area free of trees and brush.

3. Repair and vegetate al erosion gullies, slides and slumps as soon as they occur. Erosion
repair in earth spillwaysis of particular importance after any period of flow in the spillway.
The outlet channel and control sections of spillways are prime erosion areas and their repair is
crucia because erosion can expand very rapidly in the spillway.

4. Ondams with combined principal and emergency spillways, concrete structures are
prominent. The concrete must be kept sound by filling joints and cracks with mastic filler.
Keep drainsin concrete structures open and functional. In earth spillways, concreteis used to
form control sections and chutes. Keep this concrete sound and functional.

5. Keep the emergency spillway area clear of trash, debris, and undesirable vegetation such as
trees and brush. Other obstacles are buildings, fences, fish screens, and guardrails. If leftin
place, all these obstructions can catch trash and reduce the capacity of the spillway, which can
cause hydraulic failure of the embankment.



D. Drawdown Facility

1. Thedrawdown facility must be tested periodically to make sureit is functioning. 1t must be
operable at any time for various purposes, including need for water downstream, repair of
spillway structures, and repair of the embankment.

2. The drawdown should be used in a controlled manner so erosion is minimized. Drawdown
facilities typically discharge into stilling basins or other erosion resistant structures.

Photographs of some dams on the following pages indicate the general appearance of a properly
maintained structure.









6. Inspecting Y our Dam Regularly

The regular inspection of dams is the heart of your care and maintenance program. Only by
regular inspection can problems be detected at early stages. Early detection and remedy are essential to
preserve the integrity of your structure.

Inspections should include areas other than the dam and spillway. The scope of the inspection
should include areas downstream, on the abutments, and a general overview of the pool area. The dam and
lake areas have to be viewed in the proper perspective with the surrounding terrain. Failure to do so ignore
the possibility of unseen problemsin the valley and abutments, which can be influenced by the dam and
lake.

During an inspection, the owner should be aware of various signs of danger. These danger signs
are often not detected unless the inspection is thorough and the dam has been properly maintained. An
inspection cannot be adequately performed by driving at 30 miles per hour and seeing if the dam is there.
Signs of danger that should be searched for are the following:

A. Seepage

The appearance of seepage on the downstream slope, abutments, of downstream areais cause
for concern.

The type and quantity of seepage should be studied. If the water is muddy murky and is
coming up from a well-defined hole, material is probably being eroded from inside the
embankment and a potentially dangerous situation can develop. Thistype of problem
requires immediate attention to stop the removal of material and control the seepage. Failures
due to piping are examples of thistype of seepage problem.

If the water is clear, it may be coming from an older hole and should be monitored closely for
any changesin color and quantity.

Seepage can also occur on abutments, under spillways, and through the foundation and may at
times exit some distance from the dam. Generally speaking, the further seepage exits from
the dam, the less the probability of danger. However, it isimportant that all areas of seepage
related to the dam be watched for changes.

B. Erosion

Erosion on the dam and spillway is one of the most evident signs of danger. The size of
erosion channels and gullies can increase greatly with slight amounts of rainfall. Early
detection of erosion channels can greatly facilitate necessary repairs of refilling, regarding,
and revegetation. Left unattended, erosion can reach proportions, which damage the integrity
of the dam.

Erosion along the water line due to wave action is another visible danger sign easily detected.
Remedies usually involve refilling the area with rock or earth and the necessary revegetation.



Erosion from seepage through the dam, foundations, and abutmentsisadanger signal. Thisis
more difficult to repair due to the seepage water. Repair generaly involves the refilling of the
areas, along with measures to collect and filter the seepage water. Repairs usually require the

services of an engineer.

Cracks

The entire embankment should be closely inspected for cracks. Short isolated cracks are not
usually significant, but larger, well-defined cracks indicate a problem is developing. Cracks
are of two types: transverse and longitudinal.

Transverse cracks appear perpendicular to the axis of the dam and indicate settlement of the
dam. Such cracks are an available avenue for seepage water and piping could develop very
quickly.

Longitudinal cracks run parallel to the axis of the dam and may be the signal for aslide or
slump on either face of the dam.

Cracks usually call for lowering the lake and taking reconstruction measures. They generally
require the consultation of an engineer for remedy.

Cracks may be evident in other areas such as spillway cuts and landslides around the pool
area.

Slides and Slumps

Slides and lumps are usually the most detectable danger signal. A massive slide can mean
catastrophic failure of the dam. Slides occur for many reasons, and their occurrence can mean
major reconstruction effort.

Slides and dumps are normally preceded by cracks and regular inspection can prevent sudden
failure. Repair will usually involve the lowering of the pool, but this can cause sides on the
dam and around the pool in saturated material if the drawdown istoo rapid.

Remove dides in the spillway areasimmediately since their presence reduced hydraulic
capacities. Slidesinto the lake area can cause the sudden displacement of the lake volume
and overtopping of the embankment.

Subsidence
Subsidence is vertical movement of the foundation materials due to failure of consolidation.

Rate of subsidence may be so slow that its detection can go unnoticed without proper
inspection procedures.



Foundation settlement is the result of placing the dam and reservoir on an area not having
suitable strength or over collapsed caves or mines. At its onset subsidence refersto
movement over and beyond that anticipated. Subsidence may not have any well-defined
cracks or seepage associated with it.

Danger signals of subsidence include conduit displacements or separations at joints, conduit
ruptures or collapses, and associated with it.

Conduit separations or ruptures can result in water leaking into the embankment and the
subsequent weakening of the dam. Pipe collapse can result in hydraulic failures due to
diminished capacity. It should be noted that rigid pipes, such as concrete pipes, are most
likely to separate and crack, while flexible pipes, such as metal pipe conduits, are more
subject to collapse.

Structure movements can be noticeable signs of subsidence. Listing or tilting of structures set
in foundation material is signs of distress. Movements of intake or discharge structures can
cause loss of function or conduits and diminished hydraulic capacities as well as endangering
the stability of the dam due to introduction of water at conduit rupture points.

Subsidence is measured on embankments by referencing of some permanent type of markers
on the dam and associated structures to points off the dams. Check elevations regularly for
readings, which can give indications of subsidence.

Vegetation

A prominent danger signal is the appearance of undesirable types of vegetation such as
cattails, reeds, mosses, and other wet area types of vegetation. The “wet environment” types
of vegetation can be a sign of seepage.

Prominent areas for undesirable vegetation are the toe of the dam, the area downstream, and
the abutments. Look closely in these areas for signs of seepage and take appropriate measures
as discussed under the paragraphs on seepage. Maintenance on these areas should involve the
mowing and clearing necessary to maintain the regular inspection of changesin seepage.

Boils

Boils are a serious danger signal and indicate seepage water exiting under some pressure.
Boilstypically occur in areas downstream of the dam. In boils, material is being removed and
measures must be taken to filter and discharge the seepage in a controlled manner. To
determine the cause and provide a permanent remedy, you will usually need to consult an
engineer.

. Animal Burrows

Animal burrows are a potential danger area. Inspection should include a careful search for
dens on the dam and abutments. Remedies should include the removal of the animals and the
refilling of dens made by the animals.



Debris

The collection of debris on the dam and spillways has a potential for danger. Remove debris
as soon as possible so it cannot reduce the function of spillways, damage structures and
valves, and destroy vegetative cover.

Photographs on the following pages ar eillustrative of the items mentioned above and
arethetypes of problems, which can bereadily identified by the owner during his
inspection and maintenance program. Remedial measures undertaken at the early
stages of a problem can usually save you effort and expense.



























7. REPORT OF EMERGENCIES

In the event that the owner notices conditions that indicate the structure may be in a state of
failure, actions must be taken to reduce the potential effects of failure. The following office should be
contacted immediately by telephone:

Commonwealth of Kentucky

Natural Resources and Environmental Protection Cabinet
Department for Environmental Protection

Division of Water

14 Reilly Road, Fort Boone Plaza

Frankfort, Kentucky 40601

Telephone: (502) 564-3410

After 4:30 p.m. or before 8:00 am. Eastern Time, call Disaster and Emergency Services at
(502) 564-7815 for assistance.

In addition, local authorities in the city and county and the local Civil Defense Office should be
contacted. If danger signals or potential hazardous conditions are spotted in time, action can hopefully be
initiated which will minimize any dangers or hazards, which would result in catastrophic failure of the dam.



