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Preface – Part 2 
 
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, this part, 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 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:  
 
   

  Christopher B. Burke Engineering, Ltd. 
  115 West Washington Street 
  Indianapolis, Indiana 46204 

 
 

 
 

Department of Natural Resources 
Division of Water 

Indianapolis, Indiana

http://www.cbbel-in.com
http://www.in.gov/dnr/water/
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Figure 3-9 Public road on dam crest. 

deposition continues, the delta will rise above the water surface.  Sedimentation can 
reduce the flood storage capacity of the reservoir, however, sediment removal by 
dredging may be prohibitively expensive.  Therefore, the best practice is to control the 
sediment within the watershed to keep it out of the reservoir. The best practices to 
control sedimentation in the watershed area can be found in the “Indiana Drainage 
Handbook” and the “Indiana Handbook for Drainage Control in Developing Areas.”   
 
For ponds with smaller drainage areas, vegetated strips around the pond will act as 
filters and trap much of the sediment.  These are especially effective for ponds where 
much of the runoff enters as sheet flow rather than flow from small streams. 
 
 
3.6 SITE ACCESS 
 
The safe operation of a dam depends on 
reliable and safe means of access.  Usu-
ally this involves maintaining a road to 
the dam. The road should have an all--
weather surface and be suitable for the 
passage of automobiles and any required 
equipment for servicing the dam.  Cut-
and-fill slopes uphill and downhill from 
the road should be stable under all 
conditions.  The road surface should be 
located above the projected high-water 
elevations of any adjacent streams and 
the reservoir pool so access can be maintained at times of flooding. 
 
 
3.7 VANDALISM 
 
Vandalism is a common problem for all dam owners.  Particularly susceptible to 
damage are the vegetated surfaces of the 
embankment, mechanical equipment, 
manhole covers, and rock riprap.  Every 
precaution should be taken to limit access 
to the dam by unauthorized persons and 
vehicles.  “No trespassing signs” are 
commonly used to restrict access. 
 
Dirt bikes (motorcycles), off-road-vehicles, 
and four-wheel drive vehicles can severely 
damage the vegetation on embankments.  
Worn areas can lead to erosion and more 
serious problems.  Constructed barriers 
such as fences, gates, and cables strung 

Figure 3-10 "No Trespassing" signs can help deter vandalism 
and damage to embankments. 
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between poles are effective ways to limit access of these vehicles to the dam.  A 
highway metal guardrail constructed immediately adjacent to the toe of the downstream 
slope is an excellent means for keeping vehicles off embankments.  However, this may 
interfere with the operation of mowing equipment. 
 
Fishing from embankments can also create problems.  Fishermen will often build fires 
which can kill adjacent vegetation.  Fishermen also create paths and may tend to kill the 
vegetation in areas of repeated use. 
   
Mechanical equipment and its associated control mechanisms should be protected. 
Buildings containing mechanical equipment should be sturdy, have protected windows 
and heavy-duty doors, and should be secured with dead bolt locks or padlocks. 
Detachable controls such as handles and wheels should be removed when not in use 
and stored inside.  Other controls should be secured with locks and heavy chains, 
where possible.  Manhole covers are subject to removal and are often thrown into the 
lake or spillway by vandals. 
 
Rock used as riprap around dams is occasionally thrown into the lake, spillways, stilling 
basins, pipe spillway risers, and elsewhere.  Riprap is sometimes moved by fishermen 
to form benches.  The best way to prevent this abuse is to use rock too large and heavy 
to move easily or to slush grout the riprap.  Otherwise, the rock must be constantly 
replenished and other damages repaired. 
 
 
3.8 PUBLIC SAFETY 
 
Owners should be aware of their responsibility for public safety, including the safety of 
people not authorized to use the facility.  "No Trespassing" signs should be posted and 
fences and warning signs should be erected around dangerous areas. 
 
Owners of low-head dams should 
be aware that these dams are 
potentially dangerous to boaters 
and canoeists.  During high flow 
conditions the dam may appear as 
only a "bump" or ripple in the 
water surface.  This tranquil scene 
is very deceptive and does not 
indicate the dangerous conditions 
that may exist.  If a canoe safely 
negotiates the "bump", backflow 
just downstream from the dam can 
act to pull the canoe into the dam 
and overturn it.  The hydraulic 
action of water passing over the 
dam creates a "roller" that can trap the victims, continuously pulling them beneath the 

Figure 3-11 Outfalls from low head dams are dangerous. 
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surface and preventing them from swimming downstream or to the banks.  Extremely 
large riprap (stones weighing 2 to 4 tons each) placed immediately downstream from 
low-head dams has been effective in breaking up the "roller."  A hydraulic engineer 
should be contacted to properly design any similar corrective measures.  Warning 
buoys, signs, or cable with warning signs stretched across the stream can be effective 
in discouraging canoeists, but these are often ignored and are difficult to maintain. 
 
 
3.9 DESIGN MODIFICATIONS 
 
Alteration of a dam or spillway 
without adequate engineering 
design and supervision could 
result in the spillway or dam being 
Inadequate in capacity or function.  
This could lead to a costly repair 
or complete failure of the structure.  
In addition, approval by the IDNR 
of any proposed changes may be 
required by current state law. 
 
One of the more common errors 
made by dam owners is raising the 
normal pool elevation by permanently elevating the crest of the principal spillway.  This 
action not only results in a decrease in storage available during a flood event but also 
reduces the capacity of the spillway by reducing the hydraulic head (total depth 
available to "push" water through the spillway).  Raising the normal pool will usually 
cause the emergency spillway to flow more frequently than its design allows, thus 
increasing its maintenance cost.  
 
Emergency spillways are typically designed to engage only for floods equaling or 
exceeding the 100-year event.  Because the spillway flows so infrequently, owners are 
tempted to find other uses for it. Temporary uses such as parking or boat launching are 
acceptable.  Permanent alteration of the spillway shape or construction of a building or 
other structure in the spillway could seriously affect the spillway's ability to function 
properly and should not be undertaken. 
 
 
3.10 INSTRUMENTATION AND MONITORING 
 
3.10.1 Overview 
 
Instrumentation refers to the method and equipment used to make physical 
measurements of dams.  The equipment may consist of sophisticated instruments such 
as permanently installed strain gages for measuring foundation or embankment 
movements, or may be as simple as a bucket and stopwatch for quick estimates of 

Figure 3-12 This building, constructed in the emergency spillway, reduces 
discharge capacity. 
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seepage flows.  Monitoring refers to gathering and assimilating data from the 
instrumentation and evaluating the results.  Instrumentation is not a substitute for 
inspection; it is a supplement to the visual observations made during an inspection.   
Visual observations combined with instrumentation data provide the basis for assessing 
embankment and foundation performance and safety during operation of the reservoir. 
The amount and type of instrumentation used at a dam depends on the type of dam and 
the conditions encountered.  Most dams in Indiana do not have any instrumentation in 
place, however, as described below, it is recommended that all dams have a minimum 
set of measurement capability. 
 
Instrumentation of a dam can provide data to determine if the completed structure is 
functioning as intended and to provide a continuing surveillance of the structure to warn 
of any developments, or changes which endanger its safety. 
 
A dam or its appurtenant works will normally experience changes throughout their life.  
The changes which occur and the factors causing the changes may be identified 
through the use of instrumentation.  Furthermore, instrumentation can make it possible 
to distinguish between normal and abnormal changes.  Knowledge of the changes 
which occur can enable the dam owner to make intelligent decisions regarding 
maintenance and repairs.  The changes which occur generally include: (1) vertical 
displacement (settlement); (2) horizontal displacement (change in alignment); (3) 
internal wetting or saturation of the embankment, and (4) various forms of deterioration 
(cracking, erosion, weathering, etc.). 
 
Knowing that changes occur is helpful, but more important is understanding the cause. 
The first changes the dam experiences usually occur during construction.  As the height 
of the dam is increased, the material in the lower portion of the dam is compressed due 
to the weight of the material on top.  The foundation may also compress (settle) due to 
the weight of the embankment or dam.  The changes which occur during construction 
may not be limited to settlement.  For example, instrumentation of earth dams under 
construction has shown that horizontal displacement (spreading) occurs as well.  The 
first filling of the reservoir will create a new imbalance of forces which may cause more 
horizontal displacement and additional settlement as the wetting of the embankment 
progresses.  Other factors which cause continual changes are variations in: (1) the 
depth of stored water; (2) the length of time maximum storage depth is present; (3) 
seismic activity; (4) seepage of water though or under the dam; (5) adverse weather 
conditions; and (6) the rate that the reservoir may be drawn down. 
 
A dam instrumentation program must be properly designed and consistent with other 
project components, must be based on prevailing geotechnical conditions at the dam, 
and must include consideration of the hydrologic and hydraulic factors present both 
before and after the project is in operation.   The timetable for taking measurements 
must be established in advance and adhered to, and the methods of data analysis must 
be appropriate for the type of instruments and conditions being monitored.  An 
instrumentation program should involve instruments and evaluation methods that are as 
simple and straightforward as the project will allow.  The equipment and methods 



Indiana Department of Natural Resources  Dam Safety Inspection Manual 
 

Part 2 Chapter 3.0 8/28/07 3-13

available to monitor conditions that can lead to dam failure include a wide spectrum of 
instruments and procedures ranging from very simple to very complex.  Instruments 
designed for monitoring potential deficiencies at existing dams must take into account 
the threat to life and property that the dam presents.  Thus, the extent and nature of the 
instrumentation depends not only on the complexity of the dam and the size of the 
reservoir, but also on the potential for loss of life and property downstream of the dam.  
The knowledge and experience of the personnel involved in the design, installation, 
monitoring, and evaluation of an instrumentation system is of prime importance to the 
success of the program. 
 
Careful monitoring can prevent costly problems, however sloppy measuring techniques 
or practices and poorly maintained instrumentation can hide a problem or create a false 
alarm.  Therefore, the owner must have a consistent and systematic approach to 
monitoring of the dam.  Also, by having concise records of the measurements, the 
owner can quickly determine if a problem is developing.  The owner should fully 
understand the purpose of each instrument in order to understand the use of recorded 
measurements.   
 
Collecting the data from instrumentation is the first step in a monitoring program.  After 
the data is gathered, it should be reviewed and analyzed by a qualified dam safety 
professional knowledgeable in dam/foundation responses. 
 
 
3.10.2 Objectives of Instrumentation and Monitoring 
 
There are four principal objectives for instrumentation and monitoring of dams: 
 
1. Warning of a Problem - Often, instruments can detect unusual changes, such as 
fluctuations in water pressure, and internal embankment movements that are not visible.  
In other cases, gradual progressive changes in seepage flow, which would go unnoticed 
visually, can be monitored regularly.  Monitoring can warn of the development of a 
serious seepage problem.  Instrumentation data is often used to predict future behavior 
of the dam based on current conditions.                                                                                     
 
2. Analyzing and Defining a Problem - Instrumentation data is frequently used to 
provide engineering information necessary for analyzing and defining the extent of a 
problem.  For example, downstream movement of a dam because of high reservoir 
water pressure may be analyzed to determine if the movement is uniformly distributed 
along the dam, whether the movement is in the dam, the foundation, or both, and 
whether the movement is continuing at a constant, increasing, or decreasing rate.  Such 
information can then be used to design corrective measures.  Cracks can be measured 
and monitored to determine if they are remaining constant or getting worse.  Seepage 
rates can be measured and monitored with time and with fluctuations in reservoir level.  
Instrumentation can be very valuable in the determination of the specific cause or 
causes of problems and failures. 
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3. Verification of Satisfactory Performance - 
Instruments may be installed to verify that the 
dam is performing as expected, to verify the 
design parameters and assumptions, or to verify 
construction techniques.  Instruments installed at 
a dam may infrequently (or even never) show 
any anomaly or problem.  However, even this 
information is valuable because it shows that the 
dam is performing as designed and provides 
peace of mind to an owner.  In some cases a 
problem may appear to be occurring or imminent, 
but instrument readings might show that the 
deficiency (e.g., increased seepage) is normal 
and was foreseen in the dam's design (i.e., a 
result of higher than normal reservoir level).  
Instrumentation may also be installed to verify 
that the dam was constructed properly; poor 
construction practices may result in adverse 
behavior that can be detected with 
instrumentation. 
 
4. Evaluating Remedial Action Performance - 
Many dams, particularly older dams, are modified 
to allow for increased capacity or to correct a 
deficiency.  Instrument readings taken before 
and after the change may allow analysis and 
evaluation of the performance of the 
modification.  The data can be used to determine 
the effectiveness of the modifications or 
improvements and the effect of the change(s) on 
existing conditions. 
 
Instrumentation may also be valuable for 
providing data for potential litigation relative to 
construction claims, damage claims from 
adjacent property owners arising from adverse 
events, or claims relative to changed water 
conditions downstream or adjacent to a dam.  In 
some cases, data from instrumentation may be 
used to develop design criteria and construction 
techniques for new dams. These reasons for 
instrumentation may be important when 
applicable, but they are not considered to be 
principal objectives. 
 
The types of instrumentation available can be 

Table 3-1 
 Dam Instrumentation Equipment Categorized 

by Function 
 
1. Deformation 
 Hand measuring tools 
 Surveying methods 
 Probe Extensometers 
 Fixed embankment extensometers 
 Subsurface settlement points 
 Fixed borehole extensometers 
 Inclinometers 
 Tiltmeter 
 Liquid level gages 
 
2. Groundwater pressure 
 Open standpipe piezometer 
 Twin-tube hydraulic piezometer 
 Pneumatic piezometer 
 Vibrating wire piezometer 
 Electrical wire piezometer 
 Pressure cells 
 
3. Water level 
 Observation well 
 Piezometers 
 Water level sensor 
 
4. Seepage flow 
 Weirs 
 Parshall flumes 
 Catch containers and timer 
 Velocity meter 
 
5. Water quality 
 Laboratory analysis 
 Sample jars and visual inspection 
 Turbidimeter 
 Turbidity sensor 
 
6. Temperature 
 Thermistor 
 Thermocouple 
 Resistance temperature devices 
 Density thermometer 
 
7. Cracks and joints 
 Hand measuring tools 
 Surveying methods 
 Joint meter 
 Portable crack measuring microscope 
 Dial gage 
 Mechanical scratch gage 
 Crack comparator  
 
8. Seismic activity 
 Accelerometer 
 Peak acceleration recorders 
 
9. Weather and precipitation 
 Precipitation gage 
 Wind gage 
 
10. Stress and strain 
 Electrical Resistance strain gage 
 Vibrating wire 
 Hydraulic load cell 
 Embeddable strain gage 
 Stress gage and meter 
 Strain gage and meter 
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categorized by the conditions that are typically assessed at dams (see Table 3-1).  The 
ten most commonly monitored conditions include the following: 
 
(1) deformation or movements 
(2) groundwater pressure 
(3) water level 
(4) seepage flow 
(5) water quality 
(6) temperature 
(7) cracks and joints 
(8) seismic activity 
(9) weather and precipitation 
(10) stress and strain 
 
Conditions not on the list, such as concrete deterioration, soil erosion, and inadequate 
vegetation can be monitored with simple instruments, including hand measuring tools 
and a camera.  
 
 
3.10.3 Types of Instrumentation 
 
Most of the instrumentation that is used to monitor dam performance is complicated and 
requires qualified personnel to install and use the equipment.  This is especially true for 
the various instruments available for monitoring concrete structures.  Many instruments 
can be automated and connected to continuous data loggers to simplify data collection.  
This manual does not provide detailed information for all of the instrumentation that is 
available, but rather, it focuses on some of the more common, simpler equipment that a 
typical dam owner is likely to use.  Table 3-1 summarizes the types of instruments that 
are available, categorized by the ten most commonly monitored conditions at dams.   
 
Due to the expense, the use of sophisticated and extensive instrumentation to ensure 
safety is usually limited to large dams where failure would result in loss of life and a 
great deal of damage.  A full-scale instrumentation and monitoring program requires 
professional design.  The type of instruments and monitoring program that may be 
deployed depends on the type of conditions encountered and the type of structure being 
investigated.  A brief description of some of the more complex equipment is provided 
herein to give the dam owner a basic understanding of the principles of these 
instruments.  
 
Monitoring by private dam owners in Indiana is usually limited to visual observation.  It is 
very important that the observations are accurate, made on a routine schedule, and 
recorded.  An inspection checklist should be used for visual inspections.  Owners are 
encouraged to use photographs with identifying dates and labels as a permanent record 
to be filed with other dam records. 
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Simple Monitoring Devices 
 
The following devices are relatively inexpensive and can easily be used by most dam 
owners to monitor dams. 
 
Camera - Photographs which have been dated and labeled provide an excellent record 
of existing conditions, and if taken periodically from the same location, can be used for 
comparison.  Photographs should be taken during all inspections to supplement written 
and visual observations.  They are valuable in documenting the location and severity of 
wet areas, erosion, and concrete deterioration. 
 
Yardstick or folding rule - This portable monitoring device is not only inexpensive but 
has a number of uses.  It can be used to measure cracks, scarps, erosion gullies, 
settlement, trees, wet areas, and slab or wall movement.  Records should be kept of all 
observations for comparative purposes. 
 
Bucket and Watch - Flow rates in gallons per minute for small weirs, seeps, and pipe 
outlets can be measured by timing how long it takes to fill a bucket (or other container) 
of known capacity. 
 
Weirs - The V-notch weir is probably the most commonly used device to measure flow 
rates of seepage.  Effective readings must be taken periodically under similar 
influences, such as reservoir level and local runoff conditions. Many times after 
installation, the weirs are neglected and a few good readings become useless for lack of 
comparative data.  Consequently, the V-notch weir must be maintained. 
 
Flumes - For larger flows, the Parshall flume is preferred to larger V-notch weirs 
because the flume will not restrict the flow as much as the weir.  Parshall flumes can be 
purchased through a supplier of scientific equipment. 
 
Piezometers - Piezometers are instruments used to measure the water pressure in the 
embankment and foundation soil pores and are installed at various levels in a drill hole. 
Readings are usually taken by measuring the elevation of water in a standpipe. 
Seepage pressure can be determined from piezometer readings.  Water levels can 
easily be measured with the use of a portable, battery-operated water-level probe and 
meter.  The probe is lowered into the well or piezometer by means of the electrical 
cable; when the tip of the probe is submersed, the electrical circuit in the probe is closed 
and the hand-held meter indicates the presence of water.  A water level sensor that 
measures water pressure can also be used in piezometers to measure water level. 
 
Survey monuments - Survey monuments are usually installed along the crest of the 
dam to check its vertical and horizontal alignments (with known reference points and 
elevations).  Measurements of these monuments must be precise and are obtained 
using surveying instruments. 
 
Observations Wells - Observation wells can be installed in the embankment or 




