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Preface

The Indiana Dam Safety Inspection Manual is based on accepted practice and consists of information
developed from existing documentation on dam safety inspections obtained from state and federal
agencies. Dam safety is a complex and multi-disciplinary practice that continues to evolve as
professionals gain a better understanding of how the various dam components behave under different
loading conditions and how society’s level of risk tolerance changes with time. This manual is a “living
document” that will change to reflect evolving national practice. As this manual improves with time, it will
provide a stable reference for good dam safety inspection practice as administrators, program priorities,
and statutes change. The manual consists of five separate parts:

Part 1 describes ownership responsibilities and roles, risks and hazards of dam failure, and provides a
detailed overview of dams in Indiana.

Part 2 presents guidelines for operating and maintaining a dam, including specific instructions on how to
prepare a management and maintenance plan and how to respond to emergencies.

Part 3 provides guidance on evaluating dam safety and performing dam inspections. It covers who
should perform the inspections and how, and provides guidance on identifying and reporting dam
deficiencies and problems.

Part 4, this part, describes guidelines for preparing Emergency Action Plans (EAP) to guide the dam
owner during emergency situations. It also covers Emergency Response planning.

Part 5 is a compilation of Dam Safety Fact Sheets that present information on a variety of dam
operational issues, such as seepage, slope protection, embankment stability, and spillway design, to
name a few.

This manual should not be used in lieu of appropriate dam safety technical courses or training by a dam
safety professional in the area of dam inspection. However, it should be used by experienced dam safety
professionals as a reference and reminder of the aspects required to make a thorough dam safety
inspection and evaluation. It should be stressed, however, that inspections alone do not make a dam
safe; timely repairs and maintenance are essential to the safe management and operation of every dam.

The dam owner is responsible for maintaining the dam in a safe condition, and should do whatever is
necessary to avoid injuring persons or property. As once stated by a highly respected legal scholar, "It is
clear that compliance with a generally accepted industry or professional standard of care, or with
government regulations, establishes only the minimal standard of care. Courts may assess a higher
standard of care, utilizing the "reasonable person" standard and foreseeability of risk as the criteria. It is
fair to say that persons who rely blindly upon a governmental or professional standard of care, pose great
danger to others, and present a legal risk to themselves, when they know or reasonably should know that
reasonable prudence requires higher care."

This manual was prepared by:

115 West Washington Street

E Christopher B. Burke Engineering, Ltd.
Indianapolis, Indiana 46204

Department of Natural Resources
Division of Water
Indianapolis, Indiana
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maintenance and operation of the dam. As an example, failure to consider
embankment seepage could lead to piping (internal erosion). A sunny day failure could
be caused by vandalism of the outlet works, such as damage to gate mechanisms, or if
the outlet works are inoperable or are plugged with debris. Sunny day failures are more
likely at unattended dams than frequently visited dams.

Appendices

The EAP appendices contain other useful data and forms. Past EAP activity, EAP
reviews and revisions, and EAP distribution are documented here; these are critical
items and must be carefully documented. The number of EAP copies issued should be
limited to those individuals that will participate in the emergency event. The Appendices
included in the Template EAP are as follows:

Appendix A Warning and Evacuation
Appendix B Inundation Map Documentation
Appendix C Past EAP Activity

Appendix D EAP Review and Revision
Appendix E EAP Distribution

Appendix F  Supplementary Information
Appendix G Glossary

2.4 GENERAL TRAINING AND UPDATING THE EAP

Recurring training for the dam operator and backup(s) is important to ensure that they
understand their responsibilities with regard to operating and maintaining the dam and
responding to emergencies. The training should provide sufficient information for the
dam operators to make knowledgeable, correct, and prompt decisions concerning
protection to the downstream residents and property. Both the principal operator(s) and
designated backups should receive operator training in accordance with organizational
policy. New operators should be trained before assuming duties at a dam. The training
should include the following as may be applicable:

) general dam safety overview, and site specific potential failure modes and their
precursors

inspection responsibilities, including any specific concerns
operations and reservoir regulation

maintenance requirements and practices

operating logbook

safety

site security

Emergency Action Plan and responsibilities

reading instrumentation, if required

public relations and recreation management, if required
familiarization with the project and equipment
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° review of the facility operating procedures
° operation of all equipment

The EAP must be a “living document” in order to be effective when it needs to be
activated. Therefore, periodic reviews, updating, training, and exercising are necessary.
The dam owner/operator is responsible for conducting a review and updating of the
EAP at least annually. The annual review should consist of the following:

) Calling all of the contacts on the EAP notification charts to verify that the phone
numbers and persons in the specified positions are current. Update the
information if any of the contacts have changed.

° Contacting the local law enforcement agency to verify the phone numbers and
persons in the specified positions.

° Asking the appropriate contact persons if they know where the EAP is kept and if
he or she understands his or her responsibilities as described in the EAP.

° Calling the locally available resources to verify that the phone numbers,
addresses, and services are current.

The dam owner/operator is responsible for updating the EAP document and providing
updated sections of the EAP to all the EAP document holders. Outdated pages should
be immediately discarded to avoid any confusion with the revisions.

2.5 EXERCISING THE EAP

After the EAP is developed, initial EAP training should be performed. The training
should include representatives of all organizations with key responsibilities identified in
the EAP. The training may take the better part of a full day and can be divided into four
segments to facilitate the process: Motivation Exercise, EAP Content and Format, Site
Visit, and EAP Exercise.

The Motivation Exercise should be a video or photographic presentation of an actual
dam failure that has caused loss of life and/or serious property damage. The purpose
of this part of the training is to provide incentive for the participants to remain involved.

The next part of the training is to review the content and format of the EAP so that the
participants are familiar with the document. It may help considerably if the participants
review the EAP before the training session. A visit to the dam site should then be made
to give everyone the opportunity to view the dam in person so that they know and
understand the complexity of the structure, the size of the water body, potential access
routes, etc. An onsite presentation or overview of the dam and its design should be
made. Downstream areas should be discussed and shown either in person or on a
map. Key features of the dam should be pointed out and described in some detail
because many of the participants may have no knowledge of the dam or of the features
involved.
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The final, and possibly most important, part of the training is the EAP Exercise. The
exercise most often used is called a functional exercise, and consists of going through
the motions of finding, evaluating, and resolving a fictional emergency scenario at the
dam. This exercise is conducted in a room, usually at the site. The purpose of the
functional exercise is to familiarize participants with roles, procedures, responsibilities,
and personalities of the other participants. An emergency situation specific to the dam
at hand is developed (in writing) and presented to all of the participants. The
participants then perform all of the EAP steps as though the emergency were real,
including making an event level determination, performing notifications to appropriate
individuals, implementing emergency actions and responses, and terminating the
emergency with appropriate follow-up actions. Mock phone calls should be made to
participants with realistic conversations being held discussing actions and events. An
Event Log should be completed as during an actual event. After the EAP exercise is
completed, a detailed discussion should be held to evaluate the process that occurred.
During the exercise, an observer should monitor and document the exercise to provide
feedback to the participants on ways to improve their performance and procedures.
The functional exercise should be used to identify needed improvements in the EAP
and in the notification procedures. This is an excellent time to also discuss mutual aid
agreements and other emergency procedures as well as update and revise the EAP as
determined necessary.

The owner/operator should host and facilitate a periodic test of the EAP at least once
every five years. The periodic test should consist of a functional exercise, including
representatives of all organizations with key responsibilities identified in the EAP.
Participants should visit the dam during the periodic test to familiarize themselves with
the dam site before the functional exercise begins. The same procedures used during
the initial training should be employed.

Two other types of EAP exercises include the tabletop exercise and the full-scale
exercise. The tabletop exercise is conducted in a room and consists of an open-ended
discussion in a meeting format with a facilitator. The tabletop exercise should begin with
the facilitator presenting a scenario of an unusual or emergency event at the dam that
has been developed prior to the exercise. Once the scenario has been presented, the
participants should discuss the responses and actions that they would take to address
and resolve the scenario. The facilitator should lead the discussion, ensuring realistic
responses and developing the scenario throughout the exercise. The participants may
ask questions and provide comments. Typically, the facilitator reads a narrative
description of what has occurred and then poses problem statements and asks
participants to explain how they would react. The problem statements cover various
issues expected to be encountered during the emergency incident. The full-scale
exercise is a comprehensive exercise that tests, among other things, the actual warning
and notification procedures and equipment, the emergency response agencies’
response to the notification and their knowledge of the EAP, and the cooperative spirit
of all participants in a stress-induces environment. The full-scale exercise requires the
mobilization of personnel and resources and simulates a real emergency.
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3.0 EMERGENCY RESPONSE PLANNING
3.1 EMERGENCY RESPONSE PLAN

An Emergency Response Plan (ERP) is a formal document intended to improve
mitigation, warning, evacuation, and search and rescue activities during a dam safety
emergency. A sheriff, firefighter, or official with IDHS, among others, generally
prepares, maintains, and implements the ERP. These individuals are broadly referred
to as emergency responders in this manual. The ERP is generally prepared for areas
downstream of a dam, but may include areas around the reservoir or upstream if flood
water levels impact residents in these areas.

The two primary components of any ERP are warning procedures and evacuation
procedures. The ERP typically contains evacuation area definition (hazard area maps),
warning and notification procedures, evacuation route maps and information, detour
planning, community shelter information, emergency responder staffing requirements,
equipment and supply requirements, termination procedures, and re-entry procedures,
at a minimum.

The typical duties of emergency responders include:

e support local efforts to attain and maintain the capability to warn and evacuate
people in the hazard area

e ensure that the ERP response procedures are properly linked to the notification
procedures in the EAP

e encourage and participate in dam EAP exercises

document all coordination efforts with other emergency management official for

future reference

ensure that responsible entities carry out the assigned responsibilities

provide public warnings and notification during an emergency

notify National Weather Service and other applicable agencies

perform evacuations as necessary

implement shelter plan

provide rescue and recovery operations

make state of emergency declarations

setup and maintain detours and evacuation routes

provide security and law enforcement

The ERP is not part of the EAP, but the two (2) plans are inextricably linked during an
emergency. The EAP governs the first critical moments of an emergency and defines
the time remaining for ERP implementation. The EAP provides the blueprint for
notifying responsible downstream emergency management authorities and provides
direction for determination of the urgency and clarity of warning messages issued to the
emergency responders. EAPs help pinpoint the appropriate time to initiate or withhold
warnings and evacuations, reducing false alarms and reducing response times when
evacuations are appropriate. The EAP helps define authorities and responsibilities of
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the emergency responders and identifies pre-failure warnings, evacuations, optimized
notification sequences, and early warning systems. The most important link between
the EAP and the ERP is the flood or inundation maps. These maps define the region,
or hazard area, within which the emergency responders implement the ERP. New life-
loss risk evaluation techniques now include information such as excess evacuation time
(time available to evacuate minus time needed to evacuate) and flood zones (dynamic
interaction between available shelter and escape routes, flood depths, and flood
velocities), and are much more useful for prioritizing ERP activities than the traditional
inundation parameters of depth and flood wave travel time. An important benefit of the
new risk evaluation methodology is that it can be used to identify locations where
significant risk reduction can only be achieved by early warning devices or techniques.
Finally, ERP responders should be involved in EAP exercises.

The dam owner should also prepare emergency response procedures that he or she
would follow to resolve issues at the dam, including taking steps to eliminate the
danger, delay dam failure, or correct nuisance problems. These procedures are not
part of the ERP. The dam owner typically is not directly involved with the ERP and is
not involved with its implementation other than to provide the notification and supporting
information to the emergency responders that are responsible for the ERP. Suggested
dam owner’s emergency response procedures are described in Setion 3.2.

The hazard area is the area(s) that will be affected by a dam emergency. Typically, it is
the downstream area that would be affected in the event of a dam failure. However, the
hazard area may also include upstream areas that may be flooded as a result of rising
reservoir levels.

The dam owner and the emergency
responders should be aware of the
properties and structures that could be
affected if a dam failure occurs. The dam
owner may be legally and financially liable
for all damage that is incurred. Hazard
areas may be identified using USGS
Quadrangle maps, FEMA Flood Insurance
Rate Maps, aerial photography and
mapping, or by visual inspection of the
areas adjacent the dam and reservoir.
Detailed engineering studies involving -
dam breach analyses may also be | Figure3-1Alarge storm event can provide insight to areas of

performed to determine the hazard areas. inundation in the event of a uncontrolled dam breach failure.

Maps showing potential areas of flooding as a result of a dam failure are especially
useful; these maps are referred to as flood maps or inundation maps. More detailed
information concerning the identification of inundation areas and the development of
mapping of potential flood areas is available from the IDNR. It should be noted that the
hazard area may extend beyond the inundation zone in areas where residents may
become trapped due to flooded access routes, or in areas upstream of dams affected
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by backwater from the dam.

The estimated hazard area should be shown on a map, such as a current USGS
quadrangle map. The map should be made part of the EAP and kept on site in the
owner’'s project files. Roads, buildings, dwellings, and other dams that could be
affected by a dam failure should be identified on the map. This map becomes an
integral part of the ERP to help the emergency responders define the evacuation zone.

Typically, very few inundation maps are available for local officials to use in their
emergency warning and evacuation plans for dam emergencies. Consequently, local
officials and dam owners may have to use available mapping and common sense in
determining the potential hazard areas.

If the dam is a high hazard dam and has a large reservoir pool, evacuation of the
downstream hazard area may be required if emergency repair measures are
unsuccessful and dam failure is imminent. Areas nearest to the dam should be
evacuated first. Federal Emergency Management Agency (FEMA) Flood Hazard
Boundary maps and/or FEMA Flood Insurance Rate Maps (FIRMs) can provide rough
approximations of necessary evacuation areas. However, the evacuation area should
be extended beyond the limits of the maximum flood area shown on these maps as
floods resulting from dam failures are usually more widespread and destructive. When
making these determinations, it is always better to err on the conservative side.

Whenever possible, warning of a dam failure or an impending dam failure should follow
procedures already established for other emergencies in the area where the dam is
located, such as flooding from streams, tornados, and other disasters. However, it must
be stressed that warning and evacuation times will be limited and that immediate
evacuation must follow warnings of imminent dam failure. Warnings delivered through
personal modes such as telephones, loudspeakers, and face-to-face communications
are more effective than warnings delivered impersonally, by sirens for example.
Persons delivering the warnings should always say "the dam is failing," and not
"flooding is expected." Warnings should be clear and concise. Residents should be
advised to move to safety immediately. Police, radio and television news media should
be used to the extent available and appropriate. Residents are more likely to respond if
they receive warnings from several sources.

Typical warning methods include direct dial, reverse 911, National Weather Service
announcements, television and radio emergency alert messages, door-to-door verbal
notification, State police Information Networks, and sirens.

Evacuation routes and roadways should be identified. Roadblocks along potentially
flooded routes may be required, and should also be identified ahead of time. Agencies
and/or persons that will be required to perform emergency tasks should be identified.

The farther downstream a damage center is located, the more chance there is for a long
flood warning and more time to carry out an organized evacuation. Protection of life
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should also be considered before anything else in an evacuation effort.

3.2 DAM EMERGENCY RESPONSE PROCEDURES
3.2.1 Introduction

Every dam owner should develop emergency response procedures as part of the dam’s
Management and Maintenance (M&M) Plan. Emergency response procedures should
consist of a clear, concise set of instructions for dealing with emergencies or potential
failures at the dam.

Emergencies that threaten the safety and integrity of a dam could arise at any dam.
Emergencies usually develop as a result of severe weather conditions, storms, or
seismic events. However, poor dam design, construction, or maintenance may
contribute to or result in an emergency. For example, a riser spillway could become
clogged as a result of an improper or no trash rack, causing the reservoir level to rise
and threaten the embankment stability. Or, unnoticed or uncorrected seepage
problems could progress and create a potential slope stability or seepage emergency.

The amount of time that a dam owner has to react depends on the cause and severity
of the emergency. If a large rainstorm is occurring and the reservoir level is rapidly
rising, there may be little time to respond to the situation, and immediate action may be
required. However, if a problem is relatively minor and does not pose an immediate risk
to the dam stability or safety, there may be time to plan and schedule the necessary
repairs (these problems are not actually emergencies, but do require attention).

In general, responses to dam problems and emergencies can be divided into three
categories:

(1) Low priority response; implement a low priority response procedure, and
schedule and perform maintenance repairs in the near future. “Near future”
depends on available resources, and the severity of the deficiency.

(2) Medium priority response; implement a medium priority response procedure,
and perform repairs as soon as possible. “As soon as possible” is subjective,
and the timing depends on the urgency of the situation.

(3) High priority response; implement a high priority response procedure, and
perform emergency repairs immediately. “Immediately” means now. The EAP is
usually activated during a high priority response.

Dam owners, operating personnel, and/or their engineers must be prepared to act
promptly and effectively when a dam begins to show signs of uncontrolled breach
failure. Early identification of a potential breach situation may provide additional time to
warn and evacuate downstream residents and to implement measures to prevent or
delay dam failure.
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Because failure of a dam may take only minutes or hours to occur, it is imperative to
have a detailed plan of action ready for use. However, the dam owner should use
caution and must be able to make sound decisions regarding the severity of the
emergency. The dam owner must assess whether the emergency condition will result
in a dam component failure (Type 1) or an uncontrolled breach failure (Type 2), or
whether no failure will result at all. Unnecessary evacuation of the downstream areas
can be costly and detrimental to the dam owner’s public image, especially if the hazard
area is large and involves a large number of people and properties.

A detailed Emergency Action Plan should be prepared for high hazard dams and should
be implemented if the dam emergency warrants.

3.2.2 lIdentification of Emergencies and Potential Risks

Early identification of emergencies and unsafe conditions at a dam will allow prompt
implementation of the EAP and emergency response procedures at the dam. Dam
owners and operators should be familiar with the principal types of failure and their
telltale signs, especially if they may result in an uncontrolled breach failure. If any of the
following conditions are noted, the high level emergency procedures should be
implemented immediately, including activation of the EAP.

1. The dam is overtopping or nearly
overtopping. The dam owner or
operator should closely monitor the
level of the reservoir during periods of
heavy rainfall and runoff. If the
spillway and reservoir storage
capacities are exceeded during a
storm, overtopping may occur.
Overtopping could result if a large
slide on the upstream or downstream
slopes of the embankment has
significantly lowered the dam crest. [ e e e
Blockage of plpe spillways and risers Figure 3-2 Water is starting to overtop this embankment.
may also cause overtopping of a
dam. Other conditions which could cause overtopping include significant
settlement on the dam crest, sinkholes, excessive embankment soil erosion,
spillway and embankment cracks, and wind-blown trees.

2. Piping (internal erosion of soil from the dam or its foundation) has developed.
Piping is usually indicated by a rapid increase in seepage rate, a muddy
discharge at or near the downstream toe, sinkholes on or near the embankment,
and/or a whirlpool (eddy) in the reservoir. Boils at or near the downstream toe
may be indications that piping is beginning. Piping may also develop along
spillway and outlet conduits.
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3. A large slide develops on either the upstream or downstream slope of the
embankment and threatens to release the impounded water by lowering the dam
crest.

4. Sudden and rapid failure of an appurtenant structure threatens complete failure

of the dam and release of its impoundment.

Identification of any of these conditions at a dam should be cause for alarm and the
emergency procedures should be implemented promptly. If there is any question as to
the severity or urgency of the suspected problem, a qualified dam safety professional
should be contacted. IDNR may also be contacted for additional advice.

The dam owner should prepare a list of critical dam features and conditions that would
be checked during any emergency. For periods of unusual activity (heavy rains,
earthquakes, embankment instability, etc.), the owner should record reservoir levels to
determine the rate of pool rise or fall. Inspection of the embankment, downstream toe
and abutments for wet areas or seepage for indications of piping through the structure
or foundation is important during these events. The owner should check for abnormal
sloughing of earth, depressions, and horizontal and vertical displacement of the
embankment and concrete structures. If the dam is instrumented, monitoring should be
performed to detect changes from normal readings that would indicate distress in the
embankment. If overtopping occurs, the embankment should be closely monitored for
signs of deterioration.

After the emergency condition is identified, the potential risks associated with the
condition should be evaluated. The severity of the risks will be dependent on the type
of condition, reservoir level, size of reservoir, proximity of downstream property and
structures, potential success of emergency repairs, etc. The risks may include release
of small quantities of water from the reservoir, release of larger quantities of water, or
complete dam breaching and failure. Depending on the severity of the risk to the dam,
associated risks to the hazard area(s) should also be assessed. These risks may
include shallow flooding of properties, extensive flooding of properties, total destruction
of dwellings and other buildings, flooding of public roads, breachlng of downstream
dams, severe erosion, etc.

3.2.3 Available Resources

The emergency response procedures should
include a list of available resources that may be
needed during a dam emergency condition. The
dam owner should immediately initiate efforts to
prevent or delay failure of the dam. Because of
the likely limitation on time, it is important to

. . ; Figure 3-3 Backhoe being use to place an
identify in the emergency response procedures emergency pump in the reservoir.

the location of available resources which may be
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used to attempt to avoid (delay or prevent) the failure. Any emergency repairs will
require equipment, materials, labor, and expertise. For large reservoirs where failure
could result in loss of life or severe damage to high value property, materials (clay,
sand, gravel, stone, riprap, sandbags, cement, plastic sheeting, etc.) and equipment for
handling these materials should be kept at or near the site. If this provision is not
possible, then prior arrangements for use of locally available, off-site materials and
equipment should be made in case of an emergency. Equipment that may be needed
includes pumps, dozers, backhoes, front-end loaders, trucks, and boats. A list of local
contractors and other labor sources should be prepared and kept up-to-date.
Telephone numbers where these people can be contacted 24 hours per day should be
included. The dam owner should contact the potential contractors ahead of time and
obtain their cooperation in advance. —

3.2.4 Emergency Repair Procedures

The emergency response procedures should
include potential repair procedures that may be
implemented for the different types of
emergencies that could threaten the dam. The
most likely modes of failure were described
earlier. It is important to know what types of
emergency repairs should be attempted for the

. . Figure 3-4a Riser without a trash rack was clogged
different modes of failure. with the wood pallet in foreground.

Owners should not allow temporary actions to become permanent repairs. This practice
is dangerous because the chance of a rapid and catastrophic failure may increase if the
repairs are not adequate. A qualified dam
safety professional should be contacted to
recommend appropriate permanent remedial
measures.

Repair procedures will be dependent on the type
of safety concern or emergency condition that is
encountered. Emergency repairs should be
performed when the dam’s safety appears to be
threatened. Maintenance repairs should be
performed when dam deficiencies are minor and
have not progressed to an emergency status.

Figure 3-4b The riser in figure 2-6a is visible after pallet]
is removed and water is drawn down.

The remainder of this chapter presents
guidelines for performing emergency repairs for dams. The EAP should also be
implemented as part of the process.
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High priority emergency repairs

These emergencies usually require immediate action to prevent the release of the
reservoir. Therefore, it is very important that the dam owner or operator be prepared
ahead of time so that a rapid response is possible. The following descriptions of
possible actions to take during emergencies that could result in an uncontrolled breach
are offered as guidance. These measures are preliminary and may need further
development in the site specific emergency response procedures. Extreme caution
should be exercised by those working around the dam during emergency conditions
when there is uncontrolled flow of water.

To facilitate the procedures, repairs of impending uncontrolled breach failures are
categorized by the three most common conditions a dam owner is likely to encounter:
(1) embankment overtopping, (2) embankment or foundation piping, and (3) structural
failure.

Embankment Overtopping

If overtopping has begun or appears imminent, the following actions may be taken:

1. Implement the EAP.

2. Contact a qualified dam safety professional for assistance.

3 Contact a contractor or other parties that can perform the repairs, and secure
necessary repair materials.

4. Be sure that the spillway(s) is not plugged with debris and is functioning as
efficiently as possible. Debris removal may be difficult due to pressure from the
high velocity flow and should be accomplished by using long poles or hooks.
Personnel should not be allowed close to spillway inlets.

5. Open all lake drains or other gates to lower the pool level. Pumps and/or
siphons may also be helpful on small reservoirs.
6. Dig a by-pass channel around the dam through an abutment if possible and

necessary. The location for this channel should be chosen with extreme caution
so that the embankment will not be affected by rapid erosion of the channel. This
action should not be undertaken without the supervision of a qualified dam safety
professional.

7. If a bypass channel is not feasible (or in addition to a bypass channel), provide
erosion resistant protection on the downstream slope where overtopping is or will
occur (e.g., riprap, concrete lining, plastic sheets).

8. Create additional spillway capacity by making a controlled breach in the lowest
portion of the embankment, or along the abutment. Erosion resistant materials
may need to be installed on the floor and walls of the controlled breach area.

Generally, it is not recommended to temporarily raise the top of embankments with
sandbags or by other means to try to prevent overtopping during a severe storm. This
action is dangerous because the flood inflow may still Increase and result in the
overtopping of the raised dam. If the temporarily raised dam fails, the release of an
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even greater volume and depth of water would result.
Obstructions in spillways are a common cause of dam overtopping.

Embankment or Foundation Piping

If piping has developed or is imminent, the following actions may be taken:

1. Implement the EAP.

2. Determine whether the piping can lead to an uncontrolled breach failure.

3. Contact a qualified dam safety professional for assistance.

4. Contact a contractor or other parties that can perform the repairs, and secure
necessary repair materials.

5. Open all lake drains and other gates to lower the pool level. Pumps and/or

siphons may also be helpful on small reservoirs.

6. Attempt to plug the "pipe" at the upstream end by dumping material into the
whirlpool or sinkhole. Straw has
been used effectively for this
purpose. If straw is not readily
available, other materials (e.g.,
earth, rock, Bentonite, plastic, etc.)
should be tried. If the "pipe" is
plugged, the owner should be aware
that this is only a temporary repair.
The reservoir should be fully drained
or drawn down below the “pipe” |
inlet, and a professional engineer
should be contacted to recommend
permanent remedial measures.

7. Place a protective sand and gravel
filter over the exit area to hold the
. . . . Figure 3-5 Uncontrolled breach of a dam caused by
soil material in place and ring the component failure (piping).

filter with sandbags.

Structural Failure of Embankment or Appurtenances

If a sudden and rapid failure of an appurtenance or a large slide in the embankment has
occurred or is imminent, the following actions may be taken:

1. Implement the EAP

2. Determine whether the slide can lead to an uncontrolled breach failure.

3. Contact a qualified dam safety professional for assistance.

4. Contact a contractor or other parties that can perform the repairs, and secure
necessary repair materials.

5. Open all lake drains and other gates to lower the pool level. Pumps and/or

siphons may be helpful on small reservoirs.
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6. Attempt emergency repairs to prevent or delay failure.
7. Attempt to block water movement through the dam (if occurring) by placing
plastic sheets, soil, etc. on the upstream face.

Slides may be caused by seepage pressures, a saturated slope, a slope which is too
steep, or possibly an earthquake. Earthquakes, although not common in Indiana, can
cause structural damage to the embankment or appurtenances which might lead to
complete failure of the dam. If a large slide in the upstream or downstream slope has
occurred which significantly lowers the dam crest and threatens to release impounded
water, sandbags can be used to temporarily raise the crest to prevent overtopping.
(Temporarily raising the embankment during a severe storm is not recommended.) On
large reservoirs, beaching and rapid erosion of the upstream slope by wave action could
occur due to high winds. A complete breach of the dam crest may result if the slope
protection fails and bare soil is exposed to wave action. A supply of large rock should
be available for use during this type of emergency. Severe foundation erosion and
subsequent collapse of a concrete spillway may also lower the dam crest, resulting in a
potential breaching condition.

Medium priority emergency repairs

Component failure, by definition, does not result in a significant release of water.
Therefore, there is usually enough time to repair the damaged components, and in
some cases, temporary repairs may be made until permanent repairs can be
implemented. If the component failure is rapidly progressing, it could lead to an
uncontrolled breach, and immediate repairs may be required. Temporary repair of
appurtenant structures will depend on the nature of the problem. The following
descriptions of possible actions to take during emergencies that have or could result in
component failure are offered as guidance. These measures are preliminary and may
need further development in the site specific emergency response procedures. The
EAP should be implemented if the situation threatens the safety of the dam.

Loss of Freeboard or Dam Cross Section due to Wave Erosion

1. Lower water level to an elevation below the damaged area.

2. Immediately place additional riprap or sandbags in damaged areas to prevent
further embankment erosion.

3. Restore freeboard with sandbags or earth fill. Place suitable-sized riprap on the
damaged area to stop erosion.

4. Continue close inspection of the damaged area. Mark the damage areas with
stakes and monitor on a regular, frequent basis.

5. Perform permanent structural repairs of the dam embankment.

Slides in the Upstream or Downstream Slope of the Embankment

1. Lower water level at a rate and to an elevation which are judged to be safe under
the slide condition. If the outlet is damaged or blocked then pumping, siphoning,
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APPENDIX E
EAP DISTRIBUTION

(List_the individuals that maintain a copy of the EAP document. Include name, title, address,
telephone number, email address, and EAP copy number. Note that the number of recipients must
be kept at a minimum in order to ensure efficient updates.)

Revision No. 0
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APPENDIX F
SUPPLEMENTARY INFORMATION

This appendix contains background information and pertinent data, and is also the place holder for
any other key supplementary information such as emergency materials, service contracts, and any
other relevant material for (Template Lake Dam) and other similar information that may be placed
in this appendix by individual plan holders for quick reference during an event.

Revision No. 0

(Month&Year)
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PERTINENT DATA'

A. GENERAL

Name of Dam

Name of Reservoir

Owner

County

River or Stream

Watershed Basin

National Inventory of Dams Number

Hazard Potential Classification

Required Spillway Capacity (% PMF Design Flood)

Year Constructed

Legal Description (of Dam)

Latitude

Longitude

B. DAM

Type

Crest Elevation (ft., NAVD 1988)

Crest Width (feet)

Crest Length (feet)

Embankment Height (feet)

Upstream Slope

Downstream Slope

C. SPILLWAY SYSTEM

1. Principal Spillway

Type

Control Sill Elevation

Dimensions

Freeboard above Control Sill Elevation (feet)

Discharge during Design Storm (cfs)

Terminal Structure

F-2
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PERTINENT DATA (CONT'D)

2. Emergency Spillway

Type

Control Sill Elevation (ft, NAVD 1988)

Length of Control Section (feet)

Freeboard above Control Sill Elevation (feet)

Discharge during Design Storm (cfs)

Terminal Structure

3. Combined Spillway

Total Spillway Discharge Capacity (cfs)

Freeboard at Peak of Design Flood (feet)

D. OUTLET WORKS (Drawdown Facility)

Type

Dimensions

Control Structure (valve, gate, stoplogs, etc.)

Inlet / Outlet Inverts (ft, NAVD 1988)

Discharge Capacity at Normal Pool (cfs)

E. RESERVOIR

Normal Pool Elevation (Feet)

Reservoir Area at Normal Pool (Acres)

Estimated Storage at Normal Pool (Acre-feet)

Reservoir Area at Top of Dam (Acres)

Estimated Storage at Top of Dam (Acre-feet)

F. DRAINAGE BASIN

Drainage Area (square miles)

Description

NOTES: 1. Identify the document/study/inspection from which the pertinent data was gathered.
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APPENDIX G
GLOSSARY

Abutment. The undisturbed natural material of the valley side against which the dam is
constructed. The left and right abutments are defined as being on the right and left side of an
observer looking downstream.

Acre-Foot. A term used in measuring the volume of water that would cover one acre to a depth of
one foot. It is equal to 43,560 cubic feet.

Appurtenant structure. A structure necessary for the operation of a dam such as outlets, trash
racks, valves, spillways, power plants, tunnels, etc.

Breach. An eroded opening through a dam that drains the reservoir. A controlled breach is a
constructed opening. An uncontrolled breach is an unintentional opening that allows uncontrolled
discharge from the reservorr.

Channel. A general term for any natural or artificial watercourse.

Conduit. A closed channel to convey water through, around, or under a dam.

Culvert. A closed channel to convey water.

Crest of Dam. Top of dam.

Cross section. A sectional view of a dam formed by passing a plane through the dam
perpendicular to the axis.

Dam. A barrier constructed across a watercourse for the purpose of impounding or diverting water.

a. Embankment dam. Any dam constructed of excavated natural materials or of
industrial waste materials.
b. Concrete dam. Any dam constructed of concrete materials.

Dam failure. The uncontrolled release of reservoir contents.

Drain, toe. A system of pipe and/or pervious material along the downstream toe of a dam used to
collect seepage from the foundation and embankment and convey it to a free outlet.

Drainage area. The area that drains to a particular point on a river or stream.

Drawdown. The difference between a water level and a lower water level in a reservoir within a
particular time. Used as a verb, it is the lowering of the water surface due to release of water from
the reservoir.

EAP Operations. All actions taken by the dam owner and other involved agencies to address an
unusual or emergency event.

Earthquake. A sudden motion or trembling in the earth caused by the abrupt release of
accumulated stress along a fault.
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