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Preface — Part 3

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, this part, 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:

115 West Washington Street

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

Department of Natural Resources
Division of Water
Indianapolis, Indiana



http://www.in.gov/dnr/water/
http://www.cbbel-in.com
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inspection report. If required, supplemental data should be acquired by
exploratory drilling, laboratory testing, reference to published hydrological data,
estimation, and special studies.

5. Using the available information, analyses, supporting calculations, and field
findings, the inspector prepares a list of conclusions and recommendations.

6. The observations made during the field inspection, the analytical findings,
conclusions, and recommendations are documented in a comprehensive
inspection report that may include appendices for special studies, laboratory and
field-testing, revised flood estimates, photographs and other supporting data.
The Suggested Dam Inspection Report contained in Appendix C and the
Inspection Checklist contained in Appendix B should be completed and included
in the report. If the dam safety ratings on the Suggested Dam Inspection Report
change from the previous ratings, the inspector must provide documentation to
support the revised ratings.

7. After or during the preparation of the inspection report, the inspector should
discuss the results of the inspection with the dam owner or his/her representative
to educate him/her on the findings. It is important that the owner is fully aware of
the findings and recommendations, particularly if deficiencies exist, and repairs
or further evaluations are required. The inspector should encourage the owner to
perform all recommended repairs, evaluations, monitoring, maintenance, etc.
within a time period that is appropriate for the required action.

8. The formal technical inspection report may need to be submitted to IDNR for high
hazard dams, and for other dams if required by current regulations. This step
also includes any report revisions that may be required by IDNR. A copy of the
report should be placed in the dam owner’s project file.

9. Finally, the inspector should summarize and document the dam'’s deficiencies on
the National Performance of Dams Program (NPDP) website at Stanford
University. The IDNR should be contacted for additional information concerning
the NPDP.

Chapter 3, Part 3 contains recommendations for a complete information database that
should be assembled during the formal technical inspection if not already available.

2.3 MAINTENANCE INSPECTIONS

Maintenance inspections are performed to gather information on the current condition of
the dam and its appurtenant works. This information is then used to establish needed

repairs and repair schedules, and to assess the safety and operational adequacy of the
dam. Maintenance inspections are also performed to evaluate previous repairs.
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The purpose of maintenance inspections is to keep the dam and its appurtenant
structures in good operating condition and to maintain a safe structure. As such, these
inspections will minimize long-term ownership and liability costs, and will extend the life
the dam. Maintenance inspections should be performed more frequently than formal
technical inspections in order to detect at an early stage any developments that may be
detrimental to the dam. These inspections involve assessing operational capability as
well as structural stability to detect any problems and correct them before the conditions
worsen. The field examinations should be made by the personnel assigned
responsibility for monitoring the safety of the dam. If the dam or appurtenant works
have instrumentation, the individual responsible for monitoring should analyze
measurements as they are received and include an evaluation of that data. The
Suggested Dam Inspection Report or an inspection brief should be prepared following
the field visit (the Suggested Dam Inspection Report is recommended).

Maintenance inspections should include the following four components at a minimum:

(1) File review (of past inspection reports, monitoring data, photographs,
maintenance records, or other pertinent data as may be required);

(2)  Visual inspection (field examination of the dam and its appurtenant works);

3) Preparation of a report (Suggested Dam Inspection Report or inspection brief,
with applicable documentation and photographs. The report should be filed in
the
dam owner’s project files); and,

4) Education and training (if someone other than the owner is performing the
inspection).

Maintenance inspections begin with a review of past inspection reports and a cursory
review of the complete project file if necessary, paying particular attention to potential
trouble spots. The inspector should then perform a visual inspection, or field
examination of all physical features and any adjacent endangering conditions. The field
examination is a comprehensive search for evidence of deterioration of materials,
developing weaknesses, unsafe hydraulic and structural behavior, growth of excessive
vegetation, presence of rodents, and soil erosion problems. An inspection checklist is a
valuable tool that can be used during maintenance inspections. The field examination
should include photographic -
documentation of all the components of the
dam, including components that are in
good condition as well as components that
are deteriorating or damaged.

Maintenance inspections should be
performed at regular intervals, normally at
least once every year, although in special
cases more frequent inspections might be
called for. Formal technical inspections
may be performed in place of maintenance

Figure 2-3 Maintenance inspection of spillway outlet.
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inspections, and the field examination procedures are generally the same for both. For
example, if the subject dam has a high hazard classification and requires formal
technical inspections periodically, an additional maintenance inspection is probably not
required during the years that the formal technical inspection is conducted. In this
example, the maintenance inspections would be performed in the years that the formal
technical inspections are not conducted. For low and significant hazard dams, formal
technical inspections are not routinely conducted after the initial formal technical
inspection, therefore the maintenance inspections are the primary component in the
dam operation plan. Adjustments can be made in the inspection frequency where
unusual or special circumstances warrant. Successive inspections may be made in
different months of the year in order to benefit from extremes in reservoir stages and
differences in seasonal climatic effects.

The dam owner or maintenance personnel familiar with the project typically conducts
the maintenance inspections. The dam safety professionals involved in the formal
technical inspections may accompany the inspector, if requested. The inspectors are
guided by their familiarity with the complete history of the dam. Their observations,
evaluations, and recommendations should be documented on the Suggested Dam
Inspection Report or an inspection brief and placed in the owner’s project file. Field
examination techniques appropriate for maintenance inspections are discussed in
Chapters 4 through 8, and a sample checklist for field examinations is contained in
Appendix B. The field examination procedures for maintenance inspections are
generally the same as those employed during formal technical inspections.

2.4 INFORMAL INSPECTIONS

The third type of inspection, an informal inspection, is a continuing effort by on-site
personnel (dam owners, dam operators, and maintenance personnel) performed during
the course of their normal duties. Informal inspections will provide a continuous
surveillance of the dam and are critical to the proper operation and maintenance of the
dam. They consist of frequent observations of the general appearance and functioning
of the dam and appurtenant structures. Normally, personnel who are not professional
engineers or geologists will make T T
informal inspections; they could be dam
owners, operators, maintenance crews,
or other individuals whose duties place
them near the dam at regular intervals.
These personnel are the “first line of
defense” in assuring safe dam conditions,
and it is their responsibility to be
genuinely familiar with all aspects of the
dam. Their vigilance in observing the
structure, walking the dam, checking the
operating equipment, and noting changes
in conditions may prevent serious

Figure 2-4 Photographic documentation of embankment slide.
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mishaps or dam failures.

Informal inspections are very important and should be performed at every available
opportunity. These inspections may only cover one or two dam components as the
occasion presents itself, or they may cover the entire dam and its appurtenant
structures. The informal inspections are generally not as inclusive as formal technical
and maintenance inspections, but should always include at least the following three
components:

(1) File (or data) review (of past inspection reports, monitoring data, photographs,
maintenance records, or other pertinent data as required);

(2)  Visual inspection (field examination of the dam, its appurtenant works, or
selected features and components); and,

3) Preparation of a report (Suggested Dam Inspection Report or inspection brief,
with applicable documentation. The report should be filed in the dam owner’'s
project files).

An inspection report form may or may not be completed; an inspection brief (short note
in a logbook or on a sheet of paper) may be recorded and placed in the project file
instead. Photographic documentation may or may not be included in the inspection,
depending on the type(s) of problems found. Informal inspections are usually
conducted to monitor known problem areas, or to provide an update on site conditions
between maintenance and formal technical inspections.

2.5 SPECIAL INSPECTIONS

Special inspections may need to be performed to resolve specific concerns or
conditions at the site on an unscheduled basis. Special inspections are not regularly
scheduled activities, but are usually made before or immediately after the dam or
appurtenant works have been subjected to unusual events or conditions, such as an
unusually high pool level, rainstorm, or a significant earthquake. A special inspection
may also be performed during an emergency, such as an imminent dam breach, to
evaluate specific areas or concerns. They are also made when the ongoing
surveillance program identifies a condition or a trend that appears to warrant special
evaluation. Special inspections should focus on those dam components that are
affected by the unusual event, and should include at least three components: (1) review
of applicable files or data, (2) visual inspection, and (3) report preparation. An
inspection report form may or may not be completed, depending on the specific
situation.  The findings may be recorded in a log book or on a sheet of paper
(inspection brief) that is then placed in the project files.

More detailed site investigations may be required (such as drilling, surveys, or seepage
flow estimates) if the special inspection reveals deteriorating dam conditions.
Photographic documentation is usually included as part of the inspection if damage to
dam components has occurred.
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performance of their dam. Part 1 discusses geologic conditions that could impact dam
operation. Figure 2-5 shows maximum recorded 24-hour precipitation events in the
United States through 1988 (these values are not PMP values used in design). It shows
actual rainfall events that have occurred, and provides an indication of the potential for
extreme events. Figure 2-6 shows seismic contours in the Indiana area that represent
horizontal acceleration from a seismic event with a 90% probability of not being
exceeded in 250 years (typical design values). In general, areas that have acceleration
values greater than 10 (i.e., horizontal acceleration values greater than 0.10 times the
acceleration due to gravity) should always include a seismic stability analysis of the
embankment.

15.20 s ®

Figure 2-5 Record maximum 24-hour precipitation (in.) through

1998. Source: National Climatic Data Center/ National Oceanic
and Atmospheric Administration (NOAA)

Figure 2-6 USGS seismic contour map, expressed as a
percentage of gravity.

Source: Department of the Interior, U.S. Geological Survey
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3.0 PREPARING FOR THE INSPECTION

3.1 INSPECTION TEAM

The required expertise of the inspector or
inspection team depends on the type of
inspection being performed, the type of dam,
and the site conditions. The inspection
personnel should be familiar with dam design,
the causes of dam failures, and the telltale
signs which identify problems or potential
concerns. Following the visual inspection, the
team members should compare their individual
assessments of observed conditions and
compile a single composite report.

Dam inspectors are responsible for the safety
of life and property, so they need to recognize
when their expertise is inadequate. The
Association of State Dam Safety Officials

Table 3-1
Recommended Inspection Team

Formal Technical Inspection

Lead Inspector — registered professional engineer
Assistant Inspector(s) — other professionals as
needed based on type of dam and appurtenant works
Dam Owner or representative

Maintenance Inspection

Dam Maintenance Personnel - may be accompanied
by a qualified dam safety professional

Informal Inspection
Dam Owner or Maintenance Personnel
Special Inspection

Dam Owner or Maintenance Personnel -should be
accompanied by engineer or other professional

(http://www.damsafety.org/) and the United
States Department of the Interior, Bureau of Reclamation (http://www.usbr.gov/dsis/)
are two organizations that provide specific training and information that can benefit dam
safety inspectors. The Bureau of Reclamation offers an excellent workshop entitled
“‘Seminar on Safety Evaluation of Existing Dams” that provides specific inspection
training for engineers, technicians, maintenance personnel, and administrators
responsible for dams.

Inspection teams for a formal technical inspection should include a qualified dam safety
professional, experienced in dams, as the lead inspector. Necessary team size and
member expertise will vary depending upon the type of dam, and the condition of the
dam or types of problems that may be present. A formal technical inspection of a dam
and its appurtenances requires study, investigation, and analyses of many diverse,
individual subjects and conditions, together with evaluations of their interrelationships.
Accordingly, this kind of inspection requires skilled specialists with expertise that is
pertinent to the dam conditions, and individuals with the broadest possible experience in
all phases of dam design and construction engineering for overall review. Inspecting
personnel may include individuals who are civil engineers, geotechnical engineers,
hydrologists, geologists, structural engineers, engineering technicians, dam operators or
tenders, and other specialists, depending on the components of the dam to be
inspected. The lead inspector may perform the visual inspection alone if he/she has a
broad-based, educational and technical experience with dams and if the dam does not
have complex features or severe problems. On larger, complex dams it is likely that no
one individual will have all the necessary expertise that is required, and a team
inspection will be needed. Larger organizations may be fortunate enough to have staff
that includes mechanical engineers, hydrologists, electrical engineers, geotechnical
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engineers, and other specialists available to evaluate specific features of a dam.
Inspecting personnel, regardless of their field of expertise, need to have knowledge in
the design, analysis, construction, and operation of dams. The dam owner or his
representative should always be present during a formal technical inspection to learn as
much as possible about the dam and potential problems.

A maintenance inspection is typically performed by the person(s) assigned responsibility
for the operation or maintenance of the dam and its appurtenant works. This person is
often referred to as the dam operator or dam tender. The person assigned this
responsibility should be familiar with the dam and should possess sufficient knowledge
to make accurate assessment of the dam’s condition. An engineer or other qualified
dam safety professional may accompany the dam operator or tender during a
maintenance inspection, but generally does not.

The dam owner, dam operator, or dam tender typically performs informal inspections
and special inspections. Again, an engineer or other qualified dam safety professional
may be required to assist in a special inspection depending on the specific situation.

The dam inspector(s) should be thorough and organized. In order to readily identify
trends, it is necessary to maintain records of performance in an orderly way. Where
instrumentation and seepage measurements are available, the inspector should
evaluate these records at regular intervals and in a form that makes them easily
interpreted. Likewise, observations made during field examinations should be recorded
and maintained in the project file in such a way that trends can be visualized readily.
Specific recommendations for recording and maintaining data and information appear in
other chapters of this manual. If the inspector is unable to interpret or evaluate
observed conditions, he/she should seek the advice of a more qualified expert.

There may be times when specialists must apply scientific and engineering knowledge
and experience to a wide range of tasks during a dam inspection. These tasks may
include interpretation of the geologic structure of dam sites, appraising the engineering
properties of the foundation and embankment, predicting and analyzing seepage,
calculating and analyzing stresses and stability of embankments and appurtenant
structures, evaluating the runoff from watersheds, estimating the capacity and flow in
spillways and outfalls, evaluating the mechanical and electrical equipment if present,
and analyzing instrumentation and other monitoring data. The proper performance of
these tasks usually requires qualified individuals with specific expertise. Occasionally
there may be a need for the services of a mechanical engineer, an electrical engineer,
or a seismologist. The assistance of engineering and geological technicians, surveyors,
and laboratory technicians may also be required. A final coordinated evaluation is then
made by a senior individual broadly experienced in all aspects of dam engineering,
especially design. This individual is usually a civil engineer, but can also be a soils or
geotechnical engineer if the dam is an embankment type.

Highly specialized services may also be required for some dams. These services may
include underwater visual inspections, televised conduit inspections, or geophysical
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investigations. These services are readily available through specialized firms and will
usually require advance notification and contractual arrangements. Underwater divers
will need to have sufficient details of the project to plan safety and procedural details of
the visual inspection. Televised conduit inspection may be required when conduit
diameters are small or when direct access is not possible or feasible. Drilling or other
geophysical services may be required if additional subsurface information is needed.

The field examination will normally consist of interviews with the owner or operating
personnel, a visual inspection of the dam and all appurtenant structures, and
observation of the watershed and downstream areas. The manner in which the visual
inspection proceeds will depend on the site and type of inspection being made.
Performance of the visual inspection will be influenced by weather, ground cover,
condition of the structure, personal safety considerations, purpose of the inspection,
operational considerations, and even the inspection team's level of experience. The
visual inspection team should anticipate these conditions to ensure that proper
equipment, clothing, and safety items are on hand. The individual inspector should
consider situations when additional personnel will be required to properly conduct the
visual inspection and to assure safety. Planning ahead for such contingencies may
eliminate the need for a return trip.

3.2 REVIEW OF PROJECT RECORDS
3.2.1 Overview

Proper preparation is important for safety inspections of all types. The project files
should be reviewed as the initial step in every dam safety inspection. The extent of the
review depends on the type of inspection and how familiar the inspector is with the dam.
A complete dam project file should contain four general types of information that
constitute the dam information database: (1) background information, (2) design
information, (3) construction records, and (4) operation
performance records. This information should be
reviewed by and be familiar to the inspecting personnel.
A checklist of items to be reviewed before the inspection
is helpful and will ensure that important documents are
not overlooked (see Tables 3-2 and 3-4).

A dam project file is essentially a compilation of all
information pertinent to a specific dam. A thorough
assessment of dam safety cannot be made without
ready access to this information. Each organization
may have its own guidelines concerning the structure of
the dam project safety file; however, it should contain | Figure 3-1 Dam owners should maintain
the four general types of information listed above. The complete project files.

goal of the dam project file is to provide ready access to information that can be used to
help prepare for conducting a dam safety inspection, evaluate the observations made
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during a field examination, and have pertinent information available in case of an

emergency or serious problem.

Table 3-2

Recommended Information Database for Project Files

(1) Background Information

Dam owner & responsible parties

Dam location

Site topographic mapping

Surface & subsurface geology
Exploration techniques employed
Regional & site seismicity

Regional Seismic and earthquake history
Soil surveys and land use

Photographs

Emergency Action Plan (if available)

(2) Design Information

Material engineering properties
Embankment design & materials
Stability analysis & assumptions
Structural design criteria

Drainage area characteristics
Rainfall & stormwater runoff analysis
Design flood

Reservoir flood routing analysis
Spillway and outlet hydraulic analysis & design
Mechanical & electrical components
Hazard potential classification

(3) Construction Records

Construction procedures, methods & control
Quality control test procedures & results
Foundation surface characteristics & treatment
Abutment surface & treatment

Subsurface treatment & drainage control
Design-related changes

Final configuration of dam & foundation
Extraordinary events during construction

(4) Operational Performance Records
Inspection Reports

Hydraulic performance of spillway & outlet
Structural behavior of embankment & foundation

Chronological reservoir stages

Noteworthy spillway & outlet discharges
Repairs, alterations or modifications & reasons
Materials deterioration descriptions

Original instrumentation design assumptions
Access route to the dam, spillway & outlet
Maintenance records

Operating procedures & records

Post-construction record floods & seismic activity

Water retention behavior of embankment & foundation

Layout & performance of surveillance instrumentation

Sources

Sources

Sources

Sources

Regional & site geologic & seismic reports
Logs of drill holes & test pits

Geophysical exploration reports

Project files & maps

Materials testing reports

USGS Quadrangle maps

County soil maps

Design reports & calculations
Technical record of design

IDNR project files

Field & laboratory test reports
Flood hydrology reports

Hydraulic model reports
Precipitation and runoff calculations
Contract plans & specifications
Dam breach flood routing analysis
Geotechnical reports

Construction specifications

Daily construction inspection reports
Construction progress record

Quality control testing reports
Foundation acceptance reports

Project correspondence

As-constructed drawings & photographs
Instrumentation installation reports

Previous operation & maintenance reports
Previous inspection reports

Special inspection reports

Instrumentation records

Design operating criteria

Standard operating procedures & manuals
Materials testing reports

Regional & site maps showing access routes
IDNR project files

Dam owner’s project files

The project records created over the years are essential for a periodic inspection
program. These records provide data that form a basis for making engineering

Part 3 Chapter 3.0
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evaluations and decisions. They provide project familiarization and orientation to
inspection personnel and involved private or public agencies. The project files may also
be needed for reference during emergency situations. Knowledgeable personnel
familiar with a dam may be unavailable during a crisis, so information in the files may be
required to help resolve problems. This source of ready reference is also needed
because of personnel turnover and organizational responsibility. Seldom will an
individual have been continuously involved in a project since its inception, and
personnel assignments change. Collecting this diverse, project record and maintaining
it as a continuing record in a permanent file is therefore essential to an effective periodic
inspection program and ongoing dam maintenance. @ When necessary, special
exploration and testing, analytical studies, and reevaluation with advanced technology
may be performed to obtain necessary information for the project files and inspection
efforts.

Project files should be compiled in a systematic format. A standardized, orderly,
predetermined arrangement will facilitate the use of the files and accommodate future
additions more readily. Generally, the project files will grow with time as new and
additional information is added.

The extent of the file review will vary with the type of inspection being performed. For
example, if a formal technical inspection will be conducted by a new inspector, the
entire project file should be thoroughly reviewed. If an informal inspection will be
performed by the dam maintenance personnel, only the previous inspection reports may
need to be examined. In any case, the project files should contain a complete
information database for the dam in question.

3.2.2 Types of File Review

Generally, there are three types of file review that Table 3-3

may be performed as part of a dam safety Tupes of File Review
inspection: (1) preliminary file review, (2) | Preliminary Identify areas needing
comprehensive file review, and (3) informal file further research
review. The type of review will depend on the | Comprehensive Thorough review of
type of inspection and the inspector's familiarity applicable flles

with the dam. Informal Quick review of specific
items

Preliminary File Review

A preliminary file review is an initial review of general information about the dam that will
be inspected. Sufficient information is reviewed to:

° Select the appropriate records to review in detail (based on features of the dam
to be inspected, geologic areas, etc.)
° Schedule the visual inspection (time of year for the desired operating condition,

and the amount of time the inspection will take)
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° Select members of the inspection team
° Make arrangements for operation and visual inspection of certain features

Conducting a preliminary file review involves gathering and reviewing general
information about the dam to be inspected. The preliminary review gives the inspector
an overall picture of the dam, and helps to identify areas which need further research
and preparation.

The objectives of the preliminary data review are to:

|dentify the owner of the dam

Identify the exact location of the dam

Determine the type of inspection to be performed

Identify the features to be inspected and features with noted deficiencies

|dentify upstream and downstream conditions

Determine the timeframe for the visual inspection (time of year and amount of
time the inspection will take)

° Determine extent of comprehensive review

Comprehensive File Review

A more comprehensive file review covering all features of the dam should be made after
conducting a preliminary review of the file data. The amount of information reviewed
and evaluated before the field examination will depend
on the type of the inspection and the potential
problems that may be present. A review of the entire
project file should be performed for formal technical
inspections. If the same inspector performs the
inspections all the time, he/she may spend less time
on some parts of the file, and more time on other
parts. If the inspection is the first formal technical
inspection for a particular inspector, he/she should
review the entire file. Preparation for a maintenance
inspection may include a review of applicable portions
of the file only, such as operational performance
records, construction records of key dam components,
and design criteria related to dam spillways and
outfalls.  If the dam has known problems that are
being monitored, that portion of the files that deals with
the problem area(s) should be reviewed. Each file
review should be tailored to the specific type of |Figure3-2 Evefy;;ﬁgfgtvi?th’“'d begin with
inspection and the potential problems that may be -
encountered.

The objectives of a comprehensive file review are to:
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° Reveal potential dam safety deficiencies that may not be visible during the field
examination, and identify potential dam failure modes

° Help interpret conditions that may be observed in the field

° Help develop an inspection plan that will ensure a thorough onsite dam safety
inspection

Conducting a comprehensive review of available data involves gathering and reviewing
all pertinent information about the dam to be inspected. The following general criteria
should be identified during the comprehensive data review:

The type of dam to be inspected and its individual features

The intended use of the dam and reservoir

The underlying and surrounding geologic conditions

Design and construction details pertinent to the safety of the dam

Operational issues that affect performance

Presence of instrumentation, and results of data analysis

Conditions that might, at some point, affect the structural integrity of the dam

(e.g., fault zones, lack of drainage features, alkali-aggregate reactive concrete,

increasing seepage, etc.)

° Past problems with the performance or operation of the dam or any of its features
that need to be addressed during the inspection

° Past problems with the foundation or abutments (during construction or

operation) that need to be addressed during the inspection

If a formal technical dam safety inspection is being performed, design and construction
details should be compared to current criteria or state-of-the-art to determine whether
materials or procedures used at the time the dam was constructed pose a threat to the
safety of the dam when compared to current standards.

Informal File Review

An informal file review consists of reviewing select parts of the dam project file in
preparation of informal and special inspections. For example, the inspector may only
review the previous inspection reports or report forms prior to performing an informal
inspection. In some cases, the inspector may review only the project photographs. In
most cases, informal reviews are made by personnel thoroughly familiar with the dam
who are concerned about a specific dam feature.

3.2.3 Background Information
Background information includes general information and data that define the dam and
its environment. This information is generally used to become familiar with the type of

dam, its location, and important features or concerns. The following list summarizes the
background information that should be included in the project files.
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Dam owner & responsible parties
Dam location

Site topographic mapping

USGS Quadrangle maps

Surface & subsurface geology

Site geology reports

Exploration techniques employed
Regional & site seismicity

Regional seismic & earthquake history
Underground mine maps

Soil surveys and land use

Aerial and site photographs
Correspondenc_e Figure 3-3 Aerial photograph of a dam and reservoir in
Emergency Action Plan Indiana.

Expert consultant reviews

History of site before construction

Over time, situations or conditions may be created upstream or downstream of a dam
that have an effect on the dam and the reservoir. Examples of upstream conditions that
could affect the dam are the construction of another dam or a water conveyance
system, or the construction of a new housing subdivision. A downstream condition
might be development in the floodplain that would change the dam's hazard
classification. The inspector should try to identify any new conditions or changes in
existing conditions prior to conducting the field examination.

Part 5 of the Indiana Dam Safety Inspection
Manual contains a “Fact Sheet” that
discusses the geological setting of dams.
Included is a physiographic map of Indiana
that shows regional geologic conditions and
a table that helps define potential conditions
which may be present at the project site.
This information can be useful for evaluating
dam seeps, foundation, or settlement issues
and should be checked before the field
inspection is performed.

As part of the background research, the
inspector should research available seismic
history and mapping for the region where the
dam is located. Seismic zones that are
rather distant form the dam may have an
impact on the structure if an earthquake
occurs. The New Madrid fault zone in Missouri is capable of producing earthquakes
that may affect many parts of Indiana.

Figure 3-4 A dam sketch showing instrumentation points.
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3.2.4 Design Information

Design information for dams varies widely in form and detail. Records may be found in
the form of simple pencil sketches with brief notations on the dimensions, or as detailed
plans and specifications along with complete design and geotechnical reports. The
availability of the design documents for review will depend on the completeness of the
records kept by the owner, design agency, engineering firm, and regulatory office.

The dam project file should also be carefully reviewed for any documented
modifications to the original design. The inspecting personnel must be able to verify
structural elevations and dimensions, locations and sizes of appurtenances, and
variances from the original design. Design changes, including items which may have
been deleted during construction, must also be identified. As-built drawings should be
reviewed when available.

Table 3-4
Recommended Design Information in Project File

(1) Design Plans Location map, site plan, project elements, elevations,
materials of construction, sizes of structures, dam hazard
classification

(2) As-Built Plans Actual constructed sizes, locations, modifications,
elevations, etc.

(3) Construction Specifications Materials, general and special procedures, testing
procedures and requirements, size and strength
requirements

(4) Design Reports Hydrologic analysis, drainage area characteristics,
hydraulic calculations, embankment design, spillway and
outlet design, mechanical and electrical component design,
stability analysis, seepage studies, settlement analysis,
seismic analysis, flood routings, structural design
calculations, instrumentation design

(5) Design Calculation Summaries Supporting calculations with references to engineering
methods and standards used in design

(6) Geotechnical/Geologic Reports Subsurface investigations, boring logs, soil and rock
testing results, laboratory investigations, borrow materials
and locations

(7) Flood Studies Upstream and downstream historic flood profiles near dam
location, extremes and means of precipitation, historic
stream flows and lake and reservoir levels

(8) Technical Journal Articles Historic design papers

(9) Sedimentation Surveys & Reports ~ Watershed effects and reservoir availability

Many dams were never formally designed in the first place, so no design or technical
information will be available. In the case of an initial formal technical inspection, the
review of a design may not be possible until the owner has been contacted or
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interviewed. The location or even the existence of design documents may not be
known until this initial contact is made. Table 3-4 provides a list of design information
that may be available in the project file.

Familiarity with the geotechnical aspects of the design can be gained through review of
available boring logs, soil laboratory test results, seismic studies, and geophysical data.
The extent to which this review is necessary will depend on the location, size, purpose,
history of problems, and age of the dam. Since foundation and abutment areas cannot
be visually inspected, knowledge of the geology of these areas and how any geologic
problems were addressed during construction are very important. Evaluation of existing
geotechnical and geologic aspects of a design may be performed best by an
experienced geotechnical engineer or engineering geologist. The need for expert
evaluation depends upon the purpose of the inspection, the size of the dam and its
performance history.

Hydrologic information is used to
design the capacities of the spillway
and outlet works, and to determine
how much freeboard is needed.
Rainfall and runoff are important
considerations when designing the
hydraulic capacity of the dam and
spillway structures. Over time, there
may be changes to the land upstream
that will affect hydrologic conditions,
such as land clearing, housing
developments, and other land usage.
These changes could affect the
amount and timing of runoff, the
resulting reservoir level, and the amount and rate of spillway discharge. Therefore,
during a formal technical inspection, the inspector must look at how the hydrologic
design was developed and whether any conditions have changed which could affect the
dam design. If the hydrologic information is dated, a hydrologist may have to reevaluate
the data and methodology used to determine if changes need to be made to the dam or
the spillway based upon current conditions or design standards.

Figure 3-5 Typical hydrologic cycle.

The inspector should also examine downstream conditions to determine whether any
changes have occurred that could affect the dam hazard classification or discharge
characteristics. Construction of new buildings, houses, or other structures within the
potential area of flooding could change a dam’s classification from low or significant
hazard to high hazard. This can impact the type and frequency of inspections that are
required, as well as IDNR reporting requirements, depending on current regulations.

3.2.5 Construction Records

Construction records depict the quantities and types of materials used, variances from
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design plans and specifications, and any unusual geologic or other conditions
encountered. Quality control efforts that were employed during construction may also
be available, along with field and laboratory testing results for the dam materials.
Remedial actions to correct significant problems which developed during construction,
such as removal of unsuitable foundation soils, may have required the preparation of
supplemental plans, specifications, and other project documents. Alterations to plans
and specifications may be documented in
many different forms including inspector's
reports, letters, diaries, meeting minutes,
special investigation reports, photographs,
plan revisions, and specification alternates.
Unfortunately, such alterations may or may
not appear on as-built drawings. Complete
omission of a design item during construction
is also not unusual.

Sampling and testing records of the soil used
in embankment construction are critical to :
understanding the Stabi”ty and seepage Figure 3-6 Construction photograph of spillway and
potential of embankment dams. This embankment rehab.
information is often collected during

construction and enclosed in the ]
construction documentation report.
Embankment soil density and
moisture sampling and testing are
two of the most commonly obtained
construction parameters. Control of
these two properties and compaction
lift  thickness is  critical to
embankment construction. Soil
particle size determinations and soill
classification are two more
parameters commonly monitored
during  construction. Complete
project  files should contain
information on these important soil
properties.

(4 5

Figure 3-7 Installation of a riser pipe during winter weather.

Progress and inspector's reports will record the seasons through which construction
was performed as well as document weather, construction equipment, material
sampling and testing, and site conditions. When performing the inspection, this
information can assist in evaluating any newly observed or previously known condition
at a dam. For example, temperature extremes and dry or wet conditions, which
occurred during construction, may have a direct correlation to dam seepage or
settlement problems. Project engineers, technicians, the dam owner, and the contractor
may need to be interviewed to obtain information about the construction to fully

Part 3 Chapter 3.0 8/28/07 3-11












Indiana Department of Natural Resources Dam Safety Inspection Manual

4.0 INSPECTION PROCEDURE
41 DEVELOPING AN INSPECTION PROCEDURE

The purpose of a visual inspection is to identify deficiencies that potentially affect the
safety and operation of the dam. An inspector should develop a methodical procedure
for inspecting a dam to ensure that all features and areas are examined and to optimize
the amount of time spent in the field. First, the previous inspection reports should be
reviewed to note any areas that will require special attention. However, the inspection
should not be limited to the information on previous inspection reports. Second,
inspection equipment should be assembled, necessary file reviews should be
performed, interviews with pertinent people should be made, and site access should be
arranged. Then, a plan of approach should be prepared for the visual inspection of the
dam. Finally, the inspection should be documented as described in Part 3. Additional
provisions may be required, including such things as mowing the grass or clearing
brush on the embankment, shutting off outlet flows, pumping down low areas with
standing water, or opening gates and drawdown valves. Concrete dams may require
special consideration and access provisions.

Figure 4-1 Sketch of typical dam features (the left and right sides of the embankment are referenced by looking downstream).

Figure 4-1 shows typical features that require inspection and are common on
embankment dams. Dam features and descriptions should be referenced “looking
downstream.” For example, with the inspector standing on the embankment crest and
looking downstream, the abutment on his/her right is the right abutment; the abutment
on his/her left is the left abutment. Concrete dams may have similar features except
they do not have an earthen embankment. Other features that are common at dams
but are not shown include rock toe drains with piping, cutoff trenches, and riprap groin
areas.
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It is helpful to prepare an inspection route in advance to assure that every part of the
dam will be observed. An inspector can take many different approaches to inspecting a
dam, but the selected method should be methodical to ensure that all features are
covered and to make the best use of his/her time in the field. A recommended
sequence to assist with a visual inspection is presented below. This sequence
generally starts at the top of the dam and proceeds downward. Sometimes it may be
more effective to inspect the easiest, or most readily accessible areas first, or those
areas of known problems. However, no matter where the inspector is located on the
dam or spillway, he/she should stop periodically and look around for 360 degrees to
observe other features from that vantage point.

(1) Crest - Walk across the crest from abutment to abutment, observing both
upstream and downstream slopes while inspecting the crest surface.

(2) Upstream & downstream slopes - Walk across the slopes in a parallel or
zigzag pattern along the embankment from abutment to abutment, starting with
the upstream slope. (This may not be possible on concrete dams.) Particular
attention should be paid to the downstream slope below the elevation of the
reservoir.

(3) Embankment-abutment contacts - Walk the entire length of the embankment-
abutment contacts (groin) on both sides of the dam, on both the upstream and
downstream embankments (do in conjunction with slope inspections).

(4) Principal Spillway - Observe all accessible features of the principal spillway and
its outlet. Inspect the inlet while performing the upstream slope inspection.
Inspect the outlet during or after the downstream slope inspection is completed.

(5) Emergency Spillway - Walk along the entire length of the emergency spillway in
a back and forth manner.

(6) Abutments - Traverse abutments in a practical manner so as to gain a general
feel for the conditions, which exist along the valley sidewalls.

(7)  Outlet Works and Downstream channel - Carefully inspect outlet works and
reservoir drains that may be present. Travel the route of the stream below the
dam to identify residences and property which can be affected by dam failure.

(8) General Areas - Drive or walk along the perimeter of the reservoir and other
upstream areas. Carefully inspect all other appurtenant works that may be
present at the dam.

Additional details of inspection procedures for selected features are provided below.

Following Chapters present more detail on specific dam features and problem areas,
along with possible solutions to correct observed deficient conditions.
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4.1.1 Inspecting Embankment Slopes

The general technique for inspecting the slopes of an embankment dam is to walk over
the slopes as many times as is necessary in order to see the entire surface area clearly.
From a given point on the slope, the inspector can usually see small details for a
distance of 10 to 20 feet in each direction, depending on the roughness of the surface,
vegetation, or other surface conditions. Therefore, to ensure that the entire surface of
the dam has been covered, the inspector must repeatedly walk back and forth across
the slope until he/she has clearly seen the entire area, giving greater scrutiny to the
downstream slope below the pool elevation. The following patterns can be used for
walking across the slope.

Zigzag (See Figure 4-2)

A zigzag path is one
recommended  approach  for
ensuring that the inspector has
completely covered the slopes
and crest. Itis preferable to use a
zigzag path on small areas or
slopes that are not too steep.

Figure 4-2 Inspecting an embankment using a zigzag approach.

Parallel (See Figure 4-3)

A second approach is to make a
series of passes parallel to the
crest of the dam, moving down
the slope. It is preferable to use
parallel passes on larger slopes
or on slopes that are very steep,
since this method is less arduous.

Figure 4-3 Inspecting an embankment using a parallel approach.

Both of these techniques are acceptable methods for inspecting the dam slopes and
crest. Whichever technique is used, the goal is to be able to see the entire area clearly.
Reaching this goal may require that you walk the area several different times for dams
with high embankments. At regular intervals while walking the slope, the inspector
should stop and look around for 360 degrees to check the alignment of the surface.
The inspector should double check the procedure to make sure that no areas or
deficiencies have been overlooked. By stopping and looking around in this fashion, the
inspector should be able to view the slope from different perspectives. Seeing the slope
from different perspectives sometimes reveals a deficiency that might otherwise be
undetected.

In addition, viewing the slope from a distance may also reveal anomalies such as
distortions of the embankment surfaces and subtle changes in vegetation. Often these
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types of observations are not apparent when viewing them close-up. Finally, viewing the
downstream slope and toe area of the dam from a distance at a time of day when the
angle of the sun is low can reveal wet areas. The wet areas become more visible due
to the reflection created by the sun.

4.1.2 Inspecting Embankment Groins

The inspector should thoroughly inspect the areas where the abutments contact the
embankment by walking these areas. These areas are called the groins; it's where the
embankment toe intersects the existing ground surface. The groins are susceptible to
surface runoff erosion, and seepage often develops along the downstream groins. The
best approach to inspecting these areas is quite simple: the inspector should walk down
the left (or right) groin, and then walk up the groin on the other side of the dam. The
same approach is used for both upstream and downstream groins. The inspector
should also check the toe of the embankment when examining the groin areas.

4.1.3 Inspecting the Crest

Inspecting the crest is similar to inspecting

the slopes. The inspector can use either a

zigzag pattern or a parallel pattern to

inspect the crest. The inspector should n T
i i

[
il

f

Figure 4-4 Sighting along an embankment crest.

walk the crest as many times as necessary
to cover the entire area. To ensure that no
deficiencies go undetected, thorough
coverage is required. The important thing
is to look at every square foot of the surface
area. Another helpful technique is to view
the crest from different perspectives. Some deficiencies can be spotted close-up, while
other deficiencies can be observed only from a distance. The sketches on the left side
of Figure 4-4 show sighting along a straight
embankment, while the sketches on the
right side of the figure shows sighting of a
bowed embankment.

=

When checking the alignment of the crest
and any berms on the upstream and
downstream slopes, the inspector can use a
simple sighting technique to identify
misalignments and other problems. The
inspector should center his/her eyes along
: SRR, the line being viewed and move from side to
Figure 4-5 Crest problems may be easily seen by sighting | side to view the line from several angles.
along a straight fine on the crest. The use of binoculars or a telephoto lens
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can help the inspector observe irregularities since distances are foreshortened and
distortions become more apparent. The use of a reference line can also be of great
assistance in sighting. Reference lines can be existing features such as guardrails, a
row of posts, pavement stripes on the roadway running along the top of the dam,
parapet walls, and permanent monuments that serve as horizontal or vertical control
points along the surface of the dam. However, when using man-made reference lines,
the inspector must check to make sure that the features have not been displaced by
other causes, such as vehicles, lawn mowers, vandalism, tractors, etc. When sighting
along the crest, the inspector needs to view the chosen reference line from a number of
different perspectives. First sight on a direct line; then move to either side. This
sighting technique is also useful for detecting a change in the uniformity of the slope.
The contact between the reservoir waterline and the upstream slope should parallel the
alignment of the dam axis. In other words, the reservoir waterline should be a straight
line if the dam has a straight axis. To check the alignment of the waterline, the
inspector should stand at one end of the dam and sight along the waterline.
Misalignment of the waterline may indicate a change in the uniformity of the slope.

4.1.4 Inspecting Spillways, Outlets, and General Areas

Spillways and outlets may be difficult to
access, so the best approach is to walk
closely along or in the structure,
depending on access, and view all
surface and internal areas, if possible. If
conduits are large enough and appear
safe, the inspector should be able to
walk into the structure with a flashlight
and view the inside areas. If the
structure is in the water away from the
shoreline or embankment, the inspector
may need to use a pair of binoculars or
a camera/video camera with a telephoto
lens. Pictures or videos can be taken and reviewed
carefully from a safe location. Boats or underwater
divers may need to be employed to observe some
features.  Shorelines and upstream areas may be
accessed on foot or by vehicle. Other appurtenant works
should be closely inspected, item-by-item, from as close
a distance as possible. Gates may need to be closed to
make the inspection possible. Some structures may not
be readily accessible and will require binoculars or video
equipment to observe current conditions. Closed
G conduits may contain noxious gases or may lack
) : w7 sufficient oxygen, making them dangerous for inspectors.

Figure 4-7 Spillway with large flow. The inspector should always check questionable areas

Figure 4-6 Spillway access may make inspection difficult.
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for the presence of gases or the lack of oxygen before entering them.

4.1.5 Inspecting Concrete Dams

Although concrete dams comprise less | .
than 1% of the total number of dams &
within the state, they are potentially
more dangerous than embankment
dams. Some embankment dams have
significant concrete structures
(composite dams), making inspection
of them similar to inspection of both
concrete and embankment dams.
Basic procedures for inspection of a
concrete dam are similar to those of
embankment dams, except that the
crest and faces of the dam may be very difficult to access. Therefore, inspector access
and safety should be a primary concern on concrete dams. The faces of concrete dams
are often near vertical, and the upstream slope is usually damp and slippery. Access to
the downstream face, toe area, and abutments may be difficult and require special
safety equipment such as safety ropes, or a boatswain's chair. Close inspection of the

: upstream face may also require a boatswain's
chair or a boat. Without this equipment,
inspection of all surfaces of the dam and
abutments may not be possible. Another
method of inspection that may be used
consists of videotaping the dam faces from a
safe point using a high power magnification
on the camera. The inspector can zoom in on
the surface areas and get a close up view
and recording of the dam. The inspector
should start filming at a discernable point,
such as the top or toe of the dam face at the
point of contact with the abutment. The
inspector should then slowly move the camera across the face of the dam with smooth
parallel movements, proceeding up or down the face after a sweep is made across the
entire length of dam. Sufficient overlap of adjacent, vertical areas needs to be
incorporated in the process to ensure that all areas are covered. This technique can be
deployed from a boat or on the ground for the upstream and downstream faces,
depending on access. The inspector may have to move along the face if the dam is
relatively long. Every square foot of the dam surface can be recorded if the inspector is
careful and methodical.

Figure 4-8 Dam with significant concrete spillway structures.

Figure 4-9 Dam requiring extensive concrete inspection.

The inspector should look for common ailments on concrete dams, including structural
cracks, foundation or abutment weakness, deterioration due to alkali-aggregate
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reaction, cracks at construction joints, deterioration due to spalling, and leakage.
Construction joints are provided to accommodate volumetric changes, which occur in
the structure after concrete placement, and are referred to as "designed" cracks. These
joints are so constructed that no bond or reinforcing, except non-bonded waterstops and
dowels, extend across the joint. Outlet system inspection should be emphasized during
inspection of tall concrete dams. Reading of an established monitoring network should
be performed on a regular basis.

The American Concrete Institute (ACI) Report 201.1, “Guide to Making a Condition
Survey of Concrete in Service,” may be useful to inspectors if concrete structures are
present.

4.2 DOCUMENTING THE INSPECTION

It is important for the dam owner/operator to keep records throughout the entire life of
the dam. Accurate records can better illustrate the dynamic nature of the structure and
will help pinpoint problems. It is recommended that the dam owner establish a
permanent file to retain inspection records, including records of actions taken to correct
conditions found in such inspections. Chapter 3.0 contains details on the type and
extent of records that should be kept in the project file.

4.2.1 Method of Documentation
The following methods can be used to record a visual dam inspection:

Inspection Checklist — A convenient way of compiling inspection observations is by
recording them directly onto an inspection checklist. The checklist should be attached
to a clipboard and carried by the dam inspector as he/she traverses the entire structure.
An example of a very detailed checklist can be found in Part 3, Appendix B. It is a good
idea to complete a checklist for formal technical inspections and dam maintenance
inspections. A checklist will not typically be required for informal and special
inspections.

Each type of inspection may have its own checklist format, and the particular format
used for an inspection may be predetermined by the owner or IDNR. The benefits of
using a checklist include: (1) a checklist is easy to follow and comprehensive (if
properly prepared); and (2) a checklist allows the inspector to make comments or take
photographs in response to a predetermined list of features and conditions at the dam.

The inspection checklist should be included in the dam inspection report, and is
required in the report that is submitted to IDNR for high hazard dams.

Field Sketch — A good practice to follow along with filling out the inspection checklist is
to draw a field sketch of observed conditions. The field sketch is intended to
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supplement the information recorded on the inspection checklists; however, it should
not be used as a substitute for clear and concise inspection checklists. Problems and
their location can be recorded on the field sketch. This record may be prepared for any
type of inspection. Appendix D (Part 3) contains a sample field sketch consisting of an
aerial photograph of the dam; this type of sketch is highly recommended.

Photographs — Inspection photographs can be vitally important.  Over time,
photographs serve to provide a pictorial history of the evolving characteristics of a dam.
The dam owner/operator often finds them to be great money savers because they can
illustrate that some observed conditions (seepage, foundation movement, etc.) have
existed for many years and may have reached a state of equilibrium. With this
knowledge, quick and economical remedial actions can be developed and implemented.
Photographs should be dated on the back (if they are not digital format) and provided
with brief descriptions of the locations shown in the pictures. More details regarding the
importance of photographs and other visual documentation procedures are provided in
Subchapter 4.2.2. Photographs are required in the report that is submitted to IDNR for
high hazard dams.

Monitoring Data — It may become necessary to make measurements of various items
during the course of a dam inspection. This may include measurements of seepage
rates, spillway discharge rates, settlement, upstream and downstream water levels, and
for some dams, readings from instruments such as piezometers. It is important that this
data also be compiled in a systematic manner and placed in a permanent file.

Inspection Report Form — Current IDNR regulations and Non-rule Policy require the
completion and submittal of an Inspection Report Form (shown in Part 3, Appendix C)
for formal technical inspections on high hazard dams. A detailed written report
incorporating the Inspection Checklist, Inspection Report Form, summary of findings,
recommendations, conclusions, photographs, and other supporting data must be
prepared for formal technical inspections. The format shown in Appendix C should be
followed for all high hazard dam safety inspection reports

Notebooks — The inspector may elect to keep a field notebook that documents all of the
observations and findings in addition to a checklist. i
Notebooks can provide convenient records of dam
inspections if they are formatted in a logical manner and
are thorough.

Tape Recorders — Tape recorders, especially the micro-
recorders, can be very convenient when it is difficult to
write while the inspector is observing field conditions.

Pocket PC’s and Laptop Computers — Pocket PC’s
(also referred to as “PDA’s”) and laptop computers are -
convenient tools for entering field inspection data in Figure 4-10 Pocket PC (PDA).

reports being prepared in the office. While laptop or notebook computers have
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traditionally been used for data collection, advances in Pocket PC’'s make them an
excellent choice for the field. Pocket PC’s have a variety of peripherals available and
can operate for weeks between charging or battery replacement. One of the biggest
advantages and potential for Pocket PC’s lies in their capabilities for customization.
Inspection checklist software has been developed as part of the Dam Safety Program
Management Tools (DSPMT). Plug-in software applications are available for a variety
of dam specific inspection checklists, including Fill Dams, Concrete Dams, Spillways,
Powerhouses, Instrumentation, etc. Using a Standard ACCESS database interface,
users can easily configure the Pocket PC-based application to only present the
inspection checklists utilized by the user's organization. Inspection checklist reports can
be beamed directly to an IR-enabled printer; synchronized with Outlook Notes and
edited in Word, or synchronized with the DSPMT Desktop. The Pocket PC’s must be
synchronized with a desktop system to incorporate the inspection data into a compatible
inspection report.

Global Positioning Sensors (GPS) — Handheld GPS units are becoming more popular
for use in recording coordinates (location) and sometimes elevation (more expensive
units) of physical earth features, such as dam deficiencies, spillway location and extent,
and limits of other appurtenant features. They can be particularly useful for monitoring
the progression of deficiencies such as seepage areas, cracks, sloughing, and erosion.

Whatever the form of the documentation, the inspector should record his/her
observations. These notes should contain information that can be used later to write an
inspection report, a letter to the dam owner, an Inspection Report Form, or a memo to
the project files. The inspection notes should be clear and specific, leaving absolutely
nothing to memory. They should be organized in such a way that they document the
present condition of each feature of the dam. In addition, any potential problem or
defect that was identified during the records review should be noted and, during the
inspection, its current condition should be recorded. The information recorded in written
or tape-recorded notes should typically include:

° Inspection team participants

° Climatic conditions, especially rainfall (amounts if known), immediately prior to
and at the time of the inspection

) Operating conditions such as reservoir and tailwater elevation, spillway and

outlet discharge, etc

Condition of all inspected features

Any mechanical or electrical features

All location, elevation, and other descriptive information

All quantitative measurements, including instrumentation readings and surveying

results (if taken)

Safety hazards that could pose a threat to the public or project personnel

Description of changes in the upstream and downstream areas

° Notations on any verbal information gathered, prior to or during the inspection,
from operating personnel and other individuals who are not members of the
inspection team
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Unless the dam owner or regulatory agency has a specific policy on how notes will be
taken, the inspector will need to decide whether to use written or tape-recorded
methods for recording information during the inspection. Table 4-1 compares some of
the advantages and disadvantages of using written and tape-recorded notes. The
inspector should not rely solely on the use of tape-recorded notes. If the inspector
chooses to record the majority of the inspection notes using a tape recorder, some data
should also be recorded in a written format to serve as a backup in case problems are
encountered with the tape-recorded notes. The combined use of written and tape-
recorded notes will allow the inspector to take advantage of the good points of both
methods.

Table 4-1 Comparison of Written Notes and Tape-Recorded Notes
ADVANTAGES DISADVANTAGES
Written Notes: Written Notes:
e Provide more of a permanent record. e Takes time to write down information.
e Do not require any special equipment. e May be difficult to read if handwriting is poor.
e Can combine sketches with written notations. e Difficult to do when it is raining.
Tape-Recorded Notes: Tape-Recorded Notes:
e Easier to say a lot and, therefore, e Dependent on having equipment that is in good working
capture more information. condition (batteries may fail, inadequate microphone may
not pick up all the information, background noise)
e Easier to use when recording information
e Tapes must be transcribed. Transcriber may not be able to
e Easier to use when raining, but hard on the recorder decipher garbled information.
e Tapes could break or be erased.

4.2.2 Visual Inspection Documentation

Visual records should always be made to supplement a visual inspection. This form of
recordkeeping visually illustrates any features or phenomena that the inspector
observes during a dam safety inspection. The three types of visual records generally
used during a dam safety inspection are: (1) photographs, (2) videotapes, and (3)
annotated drawings and sketches.

Each of these three types of records can be a very effective means of recording
information and should be included as part of the report.

Photographs are an excellent means of note taking, and they provide a permanent

record of current conditions for future comparisons. They also provide an essential
element to the written inspection report.
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Low-Level Outlet (Bottom Outlet or Sluiceway) - An opening at a low level from a
reservoir generally used for emptying or for scouring sediment and sometimes for
irrigation releases.

Loam - A soil textural classification in which the proportions of sand, silt, and clay are
well balanced. Loams have the best properties for cultivation of plants.

Low Head Dam - A dam of low height (usually less than 15 feet) made of timbers,
stone, concrete or some combination thereof that extends across a stream or channel.

Masonry - A dam constructed mainly of stone, brick, or concrete blocks that may or
may not be joined with mortar. A dam having only a masonry facing should not be
referred to as a masonry dam.

Maximum Breach Inundation Area — See Inundation Area.

Mean Depth - (1) Average depth. (2) Cross-sectional area of a stream or channel
divided by its surface or top width.

Mean Velocity - Average velocity of a stream flowing in a channel or conduit at a given
cross section or in a given reach. It is equal to the discharge divided by the cross-
sectional area of the reach.

Mulch - A natural or artificial layer of plant residue or other materials covering the land
surface which conserves moisture, holds soil in place, aids in establishing plant cover,
and minimizes temperature fluctuations.

Nappe - The lower surface, or underside, of a free falling stream of water, usually over
a dam crest or weir.

National Geodetic Vertical Datum of 1929 (NGVD 1929) - The nationwide, Federal
Elevation datum used to reference topographic elevations to a known value.

Natural Drainage - The flow patterns of stormwater run-off over the land in its pre-
development state.

Non-cohesive Soil - Cohesionless soil consisting of single-grained or honeycombed
particles that exhibit low shear strength when dry, and low cohesion when wet. Sand
and gravel are examples of a non-cohesive soil.

Normal Depth - Depth of flow in an open conduit during uniform flow for the given
conditions.

Normal Water Level (Normal Pool Level) - For a reservoir with a fixed overflow, the

lowest crest level of that overflow. For a reservoir whose outflow is controlled wholly or
partly by movable gates, siphons or other means, it is the maximum level to which water
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may rise under normal operating conditions, exclusive of any provision for flood
surcharge.

Nutrient(s) - 1) A substance necessary for the growth and reproduction of organisms.
(2) In water, those substances (chiefly nitrates and phosphates) that promote growth of
algae and bacteria.

Occupied Quarters — A structure that is or may be used for any of the following: 1)
Human Living Quarters. 2) Business. 3) Medical services. 4) Education. 5) Place of
worship. 6) Public office. 7) Industrial facilities. 8) Permanent or temporary overnight
lodging for humans.

Outfall - The point, location, or structure where wastewater or drainage discharges from
a pipe or open drain to a receiving body of water.

Outlet - An opening through which water can be freely discharged from a reservoir, or
the point of water disposal from a stream, river, lake, tidewater, or artificial. Used to
drawdown the reservoir level in dams. Also referred to as a reservoir drain.

Outlet Channel - (Discharge Channel) A waterway constructed or altered primarily to
carry water from man-made structures, such as dam spillways, smaller channels, tile
lines, and diversions.

Overland Flow - Consists of sheet flow, shallow concentrated flow and open channel
flow. The flow of stormwater runoff across the ground surface.

Parapet Wall - A solid wall built along the top of a dam for ornament, for the safety of
vehicles and pedestrians, or to prevent overtopping.

Peak Discharge - The maximum instantaneous flow from a given storm condition at a
specific location.

Percolation - The movement of water through soil.

Percolation Rate - The rate, usually expressed as inches per hour or inches per day, at
which water moves through the soil profile.

Perennial Stream - A stream that maintains water in its channel throughout the year.
Permeability (soil) - The quality of a soil that enables water or air to move through it. It
also refers to the rate at which water moves through soil. Usually expressed in
centimeters per second, inches per hour or inches per day.

Permeability Rate - The rate at which water will move through a saturated soil.

Permeability rates are classified as: very slow - less than 0.06 in./hr.; slow - 0.06 to
0.20 in./hr; moderately slow - 0.20 to 0.63 in./hr; moderate - 0.63 to 2.0 in./hr;
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moderately rapid - 2.0 to 6.3 in./hr; rapid - 6.3 to 20.0 in./hr; very rapid - more than
20.0 in./hr.

Permittivity - The volumetric flow rate of water per unit cross-sectional area per unit
head under laminar flow conditions, in the normal direction generally through a
geotextile.

Pervious Zone - A part of the cross section of an embankment dam comprising
material of high permeability.

pH - A numerical measure of hydrogen ion activity, the neutral point being 7.0. All pH
values below 7.0 are acid, and all above 7.0 are alkaline.

Phosphorus (available) - Inorganic phosphorus that is readily available for plant
growth.

Phreatic Surface - The free surface of ground water at atmospheric pressure.

Physiographic Region (province) - Large-scale unit of land defined by its climate,
geology, and geomorphic history, and therefore uniform in physiography.

Piezometer - An instrument for measuring pore water pressure within soil, rock, or
concrete. The piezometric water surface is the water level in a piezometer.

Piping - The progressive development of internal erosion by seepage, appearing
downstream as a hole or seam discharging water that contains soil particles. Water in
the soil carries the fine soil particles away, and a series of eroded tubes or tunnels
develop. These openings will grow progressively larger and can cause a dam failure.

Plunge Pool - A basin used to dissipate the energy of flowing water. Usually
constructed to a design depth and shape. The pool may be protected from erosion by
various lining materials.

PMP - Probable maximum precipitation event. The greatest theoretical depth of
precipitation for a given duration that is physically possible over a given size storm area
at a particular geographical location, based upon National Weather Service
hydrometeorological reports.

Pore Pressure - The interstitial pressure of water within a mass of soil, rock, or
concrete. Pore pressure is a result of the height of water above the point of
measurement.

Porosity - The volume of pore space in soil or rock.

Principal Spillway - A dam spillway generally constructed of permanent material and
designed to regulate and discharge water from the reservoir.
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Pressure Relief Pipes - Pipes used to relieve uplift or pore pressure in a dam
foundation or in the dam structure.

Professional Engineer — An individual who, because of special knowledge of the: 1)
mathematical and physical sciences; and 2) principles and methods of engineering
analysis and design; that are acquired by education and practical experience, is
qualified to engage in the practice of engineering, as attested by the individual’s
registration as a professional engineer and license to practice engineering in Indiana.

Qualified Dam Safety Professional - See Dam Safety Professional.

Rainfall Intensity - The rate at which rain is falling at any given instant, usually
expressed in inches per hour.

Rational Method - A means of computing storm drainage flow rates (Q) by use of the
formula Q = CIA, where C is a coefficient describing the physical drainage area, | is the
rainfall intensity and A is the drainage area.

Reach - The smallest subdivision of the drainage system, consisting of a uniform length
of open channel. Also, a discrete portion of river, stream or creek. For modeling
purposes, a reach is somewhat homogeneous in its physical characteristics.

Receiving Stream - The body of water into which runoff or effluent is discharged.

Recharge - Replenishment of groundwater reservoirs by infiltration and transmission
from the outcrop of an aquifer or from permeable soils.

Recurrence Interval - A statistical expression of the average time between floods
equaling or exceeding a given magnitude.

Relief Well - See Drains.

Reservoir — Any impoundment or potential impoundment created by a dam. A natural
or artificially created pond, lake or other space used for storage, regulation or control of
water. May be either permanent or temporary. The term is also used in the hydrologic
modeling of storage facilities.

Reservoir Area - The surface area of a reservoir when filled to controlled retention
water level.

Reservoir Surface - The surface of a reservoir at any level.

Retention - The storage of stormwater to prevent it from leaving the development site.
May be temporary or permanent.
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Retention Facility - A facility designed to completely retain a specified amount of
stormwater runoff without release except by means of evaporation, infiltration or
pumping. The volumes are often referred to in units of acre-feet. Dams are retention
facilities.

Revetment - Facing of stone or other material, either permanent or temporary, placed
along the edge of a stream to stabilize the bank and protect it from the erosive action of
the stream. Also see Riprap.

Rill - A small intermittent watercourse with steep sides, usually only a few inches deep.

Riprap - A layer of large stones, broken rock, boulders, or precast blocks placed in
random fashion on the upstream slope of an embankment dam, on a reservoir shore, or
on the sides of a channel as a protection against waves, ice action, and flowing water.
Very large riprap is sometimes referred to as armoring. Revetment riprap is material
graded such that: (1) no individual piece weighs more than 120 Ibs; and (2) 90-100%
will pass through a 12-inch sieve, 20-60% through a 6-inch sieve, and not more than
10% through a 1 1/2-inch sieve.

Riser - The inlet portions of a drop inlet spillway that extend vertically from the conduit
to the water surface.

Rockfill Dam - See Embankment Dam.

Runoff - That portion of precipitation that flows from a drainage area on the land
surface, in open channels, or in stormwater conveyance systems.

Sand - (1) Soil particles between 0.05 and 2.0 mm in diameter; (2) a soil textural class
inclusive of all soils that are at least 70% sand and 15% or less clay.

Saturation - In soils, the point at which a soil or aquifer will no longer absorb any
amount of water without losing an equal amount.

Scour(ing) - The clearing and digging action of flowing water, especially the downward
erosion caused by discharge from a dam spillway, or stream water in washing away
mud and silt from the stream bed and outside bank of a curved channel.

Scarp - The nearly vertical, exposed earth surface created at the upper edge of a slide
or slough, or a beached area along the upstream slope.

Sediment - Solid material (both mineral and organic) that is in suspension, is being
transported, or has been moved from its site of origin by air, water, gravity, or ice and
has come to rest on the earth's surface.

Sedimentation - The process that deposits soils, debris and other materials either on
the ground surfaces or in bodies of water or watercourses.
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Sediment Delivery Ratio - The fraction of the soil eroded from upland sources that
actually reaches a stream channel or storage reservoir.

Sediment Discharge - The quantity of sediment, measured in dry weight or by volume,
transported through a stream cross-section in a given time. Sediment discharge
consists of both suspended load and bedload.

Sediment Pool - The reservoir space allotted to the accumulation of sediment during
the life of the structure.

Seepage - The interstitial movement of water that may take place through a dam, its
foundation, or its abutments. The slow percolation (or oozing) of a fluid through a
permeable material. A small amount of seepage will normally occur in any dam or
embankment that retains water. The rate will depend on the relative permeability of the
material in and under the structure, the depth of water behind the structure, and the
length of the path the water must travel through or under the structure.

Seedbed - Soil prepared by natural or artificial means to promote the germination of
seed and the growth of seedlings.

Settling Basin - An enlargement in the channel of a stream to permit the settling of
debris carried in suspension.

Silt - (1) Soil fraction consisting of particles between 0.002 and 0.05 mm in diameter; (2)
a soil textural class indicating more than 80% silt.

Silt Fence - A fence constructed of wood or steel supports and either natural (e.g.
burlap) or synthetic fabric stretched across area of non-concentrated flow during site
development to trap and retain on-site sediment due to rainfall runoff.

Slide - The movement of a mass of earth and/or rock down a slope. In embankments
and abutments, this involves the separation of a portion of the slope from the
surrounding material.

Slope - Degree of deviation of a surface from the horizontal, measured as a numerical
ratio or percent. Expressed as a ratio, the first number is commonly the horizontal
distance (run) and the second is the vertical distance (rise) - e.g., 2:1. However, the
preferred method for designation of slopes is to clearly identify the horizontal (H) and
vertical (V) components — e.g., 2H:1V. Also note that according to international
standards (Metric), the slopes are presented as the vertical or width component shown
on the numerator--e.g., 1V:2H. Slope expressions in this handbook follow the common
presentation of slopes - e.g., 2H:1V. Slopes can also be expressed in "percent" or
“‘degrees.” Slopes given in percents are always expressed as (V/H) - e.g., a 2H:1V
(1V:2H) slope is a 50% slope. The term gradient is also used.

Slope Protection - The protection of a slope against wave action or erosion.
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Slough(ing) - The separation from the surrounding material and downhill movement of
a small portion of the slope. Usually a slough refers to a shallow earth slide.

Sluiceway - See Low-Level Outlet.

Soil - The unconsolidated mineral and organic material on the immediate surface of the
earth that serves as a natural medium for the growth of land plants. Also see alluvial
soil, Clay, Cohesive soil, Loam, Permeability (soil), Sand, Silt, Soil Horizon, Soil Profile,
Subsoil, Surface soil, Topsoil.

Soil Horizon - A horizontal layer of soil that, through processes of soil formation, has
developed characteristics distinct from the layers above and below.

Soil Profile - A vertical section of the soil from the surface through all horizons.

Soil Structure -The relation of particles that impact to the whole soil a characteristic
manner of breaking - e.g., crumb, block, platy, or columnar structure.

Soil Texture - The physical structure or character of soil determined by the relative
proportions of the soil separates (sand, silt, and clay) of which it is composed.

Spalling - Breaking (or erosion) of small fragments from the surface of concrete
masonry or stone under the action of weather or abrasive forces.

Specific Gravity - The ratio of (1) the weight in air of a given volume of soil solids at a
stated temperature to (2) the weight in air of an equal volume of distilled water at a
stated temperature.

Spillway (Spillway System) - A structure or structures that conveys flow through,
around, or over the dam. A spillway system typically consists of the following: 1) A
principle spillway. 2) An emergency spillway. 3) A drawdown mechanism.

Stilling Basin - A basin constructed to dissipate the energy of fast-flowing water, e.g.,
from a spillway or bottom outlet, and to protect the streambed from erosion.

Stoplogs - Wooden boards, timber, or steel beams or panels spanning horizontally
between slots or grooves recessed in the sides of supporting piers placed on top of
each other with their ends held in guides on each side of a channel or conduit providing
a temporary closure versus a permanent bulkhead gate.

Storm Event — A storm event that can be categorized as having a specific frequency for
a given duration. For example, a 10-yr. frequency, 24-hr duration storm event is a 24-
hour storm that has a 10% probability of occurring in any one year.

Storm Frequency - The time interval between major storms of predetermined intensity
and volumes of runoff - e.g., a 5-yr, 10-yr. or 20-yr storm.
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Stormwater Runoff - The water derived from rains falling within a watershed or
drainage area, flowing over the surface of the ground or collected in channels or
conduits.

Storm Sewer - A sewer that carries stormwater, surface drainage, street wash, and
other wash waters but excludes sewage and industrial wastes. Also called a storm
drain.

Stream - See Intermittent Stream, Perennial stream, Receiving stream.

Streambanks - The usual boundaries (not the flood boundaries) of a stream channel.
Right and left banks are named facing downstream.

Structural Joint - A joint constructed where movement of a part of a structure, due to
temperature or moisture variations, settlement, or any other cause, would result in
harmful displacement of adjoining structural components.

Subarea/Subbasin - Portion of a watershed divided into homogenous drainage units
which can be modeled for purposes of determining runoff rates. The
subareas/subbasins have distinct boundaries, as defined by the topography of the area.

Subsoil - The B horizons of soils with distinct profiles. In soils with weak profile
development, the subsoil can be defined as the soil below which roots do not normally
grow.

Subsurface Drain - A pervious backfilled trench, usually containing stone and
perforated pipe, for intercepting groundwater or seepage.

Subwatershed - A watershed subdivision of unspecified size that forms a convenient
natural unit. See also Subarea.

Surface Runoff - See Runoff.

Surface Soil - The uppermost part of the soil ordinarily moved in tillage or its equivalent
in an uncultivated soil. Frequently referred to as the plow layer. Surface soil is usually
darker in color due to the presence of organic matter.

Suspended Solids - Solids either floating or suspended in water.

Swale - An elongated depression in the land surface that is at least seasonally wet, is
usually heavily vegetated, and is normally without flowing water. Swales conduct
stormwater into primary drainage channels and may provide some groundwater
recharge.

Tailwater - The water surface elevation at the downstream side of a hydraulic structure
(i.e. culvert, bridge, weir, dam, etc.).
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Time of Concentration (ic) - Is the travel time of a particle of water from the most
hydraulically remote point in the contributing area to the point under study. This can be
considered the sum of an overland flow time and times of travel in street gutters, storm
sewers, drainage channels, and all other drainage ways.

Toe of Dam - The lowermost portion of the dam embankment where the embankment
intersects the ground surface. Also referred to as "downstream toe” or “upstream toe.”

Toe of Slope - The base or bottom of a slope at the point where the ground surface
abruptly changes to a significantly flatter grade.

Top of Dam - The elevation of the uppermost surface of a dam excluding any parapet
wall, railings, etc.

Topographic Map - Graphical portrayal of the topographic features of a land area,
showing both the horizontal distances between the features and their elevations above
a given datum. Elevations are typically shown with contour lines.

Topography - The representation of a portion of the earth's surface showing natural
and man-made features of a give locality such as rivers, streams, ditches, lakes, roads,
buildings and most importantly, variations in ground elevations for the terrain of the
area.

Topsoil - (1) The dark-colored surface layer, or A horizon, of a soil; when present it
ranges in depth from a fraction of an inch to 2-3 ft. (2) Equivalent to the plow layer of
cultivated soils. (3) Commonly used to refer to the surface layer(s), enriched in organic
matter and having textural and structural characteristics favorable for plant growth.

Trash Rack - A screen located at an intake to prevent the ingress of debris. A trash
rack is typically a structure of metal or reinforced concrete bars located at the intake of a
waterway, designed to prevent entrance of floating or submerged debris of a certain
size and larger.

Turbidity - (1) Cloudiness of a liquid, caused by suspended solids. (2) A measure of the
suspended solids in a liquid.

Underdrain - A small diameter perforated pipe that allows the bottom of an
embankment, detention basin, channel or swale to drain.

Unified Soil Classification System (USCS) - A system of classifying soils that is
based on their identification according to particle size, gradation, plasticity index, and
liquid limit.

Uniform Flow - A state of steady flow when the mean velocity and cross-sectional area
remain constant in all sections of a reach.
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Uplift - The upward pressure in the pores of a material (interstitial pressure) or on the
base of a structure.

Valve - A device fitted to a pipeline or orifice in which the closure member is either
rotated or moved transversely or longitudinally in the waterway so as to control or stop
the flow.

Vegetative Stabilization - Protection of erodible or sediment producing areas with:
permanent seeding (producing long-term vegetative cover), short-term seeding
(producing temporary vegetative cover), or sodding (producing areas covered with a turf
of perennial sod-forming grass).

Water Table - (1) The free surface of the groundwater. (2) That surface subject to
atmospheric pressure under the ground, generally rising and failing with the season or
from other conditions such as water withdrawal.

Watercourse - Any river, stream, creek, brook, branch, natural or man-made
drainageway in or into which stormwater runoff or floodwaters flow either continuously
or intermittently.

Watershed - The region drained by or contributing water to a specific point that could
be along a stream, lake or other stormwater facilities. Watersheds are often broken
down into subareas for the purpose of hydrologic modeling.

Watershed Area - All land and water within the confines of a drainage divide. See also
Watershed.

Weep Holes - Openings left in retaining walls, aprons, linings, or foundations to permit
drainage and reduce pressure.

Waterstop - A strip of metal, rubber, or other material used to prevent leakage through
joints between adjacent sections of concrete.

Weir - A channel-spanning structure for measuring or regulating the flow of water. A
type of spillway in which flow is constricted and caused to fall over a crest. Types of
weirs include broad-crested weir, ogee weir, v-notch weir, sharp-crested weir, drowned
weir, and submerged weir.

Weir Notch - The opening in a weir for the passage of water.
Wetlands - Areas that are inundated or saturated by surface water or groundwater at a
frequency and duration sufficient to support, and that under normal circumstances do

support, a prevalence of vegetation typically adapted for life in saturated soil conditions
and/or those wetland areas that are under the USACE jurisdiction.
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APPENDIX B

SAMPLE INSPECTION CHECKLIST
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UPSTREAM SLOPE Gradient: Horizontal: Vertical: (est, meas.)

O VEGETATION [no problem]
O Trees:  Quantity: ( <5, sparse, dense)
Diameter: (<6", 6-12", >12")
Location: (adj. to structure, entire slope, It end, rt end, middle, see dwg)
Notes:

O Brush: Quantity: (sparse, dense)
Location:(adj. to structure, entire slope, It end, rt end, middle, see dwg)
Notes:

O Ground Cover: Type: (grass, crown vetch) Other:
Quantity: (bare, sparse, adequate, dense)
Appearance: (too tall, too short, good)

Notes:

O SLOPE PROTECTION [no problem, could not inspect thoroughly]
O None
O Riprap: Average Diameter:
(adequate, sparse, displaced, weathered, vegetation) (bedding/fabric noted - yes, no)
Notes:

O Wave Berm:
Vegetation: (adequate, bare, sparse, improper vegetation)
Notes:

O Concrete Slabs: (cracked, settlement, undermined, voids, deteriorated, vegetation)
Notes:

O Other:
Notes:

O EROSION [no problem, could not inspect thoroughly]

O Wave Erosion (Beaching): Scarp: Length: Height:
Location: (adj. to structure, entire slope, It end, rt end, middle, see dwg)
Notes:

O Runoff Erosion (Gullies): Quantity:

Depth: Width: Length:
Location: (adj. to structure, entire slope, It end, rt end, middle, see dwg)
Notes/Causes:

O INSTABILITIES [no problem, could not inspect thoroughly]

O Slides: Transverse Length: Longitudinal Length:
Scarp: Width: Length:
Location: (adj. to structure, entire slope, It end, rt end, middle, see dwg)
Crack: Width: Depth:
Notes/Causes

O Cracks: O Transverse O Longitudinal O Other

Quantity: Length: Width: Depth:
Location: (adj. to structure, entire slope, It end, rt end, middle, see dwg)
Notes/Causes:

{Upstream Slope Crest, Downstream Slope, Seepage, Principal Spillway, Emergency Spillway, Lake Drain}

Required
Action

None

O

None

Maintenance

Monitor
Engineer

O
O
O

d
d

Engineer

Monitor
. Maintenance []
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o
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O Cracks: O Transverse O Longitudinal O Other O0o0o
Quantity: Length: Width: Depth:

Location: (adj. to structure, entire slope, It end, rt end, middle, see dwg)
Notes/Causes:
O Bulges 0O Depressions O Hummocky
: . oooano
Size: Height: Depth:
Location: (adj. to structure, entire slope, It end, rt end, middle, see dwg)
Notes/Causes:

O Bulges O Depressions O Hummocky ooono
Size: Height: Depth:

Location: (adj. to structure, entire slope, It end, rt end, middle, see dwg)
Notes/Causes:
O OTHER [no problem, could not inspect thoroughly]

O Rodent Burrows: (few, numerous) OoOooOoog
Location: (adj. to structure, entire slope, It end, rt end, middle, see dwg)

Notes:

O Ruts: oooo
Location: (adj. to structure, entire slope, It end, rt end, middle, see dwg)

Depth: Width Length:
Notes/Causes: (truck/auto, motorcycle, ATV, animals, pedestrian)

O Other: Oooood
Notes:

CREST Length: Width: (est, meas.)
O VEGETATION [no problem]

O Trees:  Quantity: ( <5, sparse, dense) oooao
Diameter: (<6", 6-12", >12")

Location: (adj. to structure, entire crest, It end, rt end, middle, see dwg)
Notes:

O Brush: Quantity: (sparse, dense) OoOooaog
Location: (adj. to structure, entire crest, It end, rt end, middle, see dwg)

Notes:

O Ground Cover: Type: (grass, crown vetch) Other: OoOooo
Quantity: (bare, sparse, adequate, dense)

Appearance: (too tall, too short, good)
Notes:
O EROSION [no problem, could not inspect thoroughly]

O Runoff Erosion (Gullies): Quantity: Depth: Width: Length: OooOooog
Location: (adj. to structure, entire crest, It end, rt end, middle, see dwg) o
Notes/Causes: 8 5

- C
Sg2
Z==uW
Required

{Upstream Slope, CrestDownstream Slope, Seepage, Principal Spillway, Emergency Spillway, Lake Drain}
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0 ALIGNMENT  [no problem, could not inspect thoroughly]
O Vertical: O Low Area:
Location: (adj. to structure, entire crest, It end, rt end, middle, see dwg)
Elevation Difference: Length:
Notes/Causes:

O Horizontal:
Notes/Causes:

O WIDTH [no problem]
O Too Narrow
Location: (adj. to structure, entire crest, It end, rt end, middle, see dwg)
Notes/Causes:

O INSTABILITIES [no problem, could not inspect thoroughly]
O Cracks: O Transverse O Longitudinal O Other
Quantity: Length: Width: Depth:
Location: (adj. to structure, entire crest, It end, rt end, middle, see dwg)
Notes/Causes:

O Cracks: O Transverse O Longitudinal O Other

Quantity: Length: Width:
Location: (adj. to structure, entire crest, It end, rt end, middle, see dwg)
Notes/Causes:

O Bulges [ Depressions O Hummocky

Size: Height: Depth:
Location: (adj. to structure, entire crest, It end, rt end, middle, see dwg)
Notes/Causes:

O Bulges 0O Depressions O Hummocky

Size: Height: Depth:
Location: (adj. to structure, entire crest, It end, rt end, middle, see dwg)
Notes/Causes:

O OTHER [no problem, could not inspect thoroughly]
O Rodent Burrows: (few, numerous)
Location: (adj. to structure, entire crest, It end, rt end, middle, see dwg)
Notes:

O Ruts:
Location: (adj. to structure, entire crest, It end, rt end, middle, see dwg)
Depth: Width Length:
Notes/Causes: (truck/auto, motorcycle, ATV, animals, pedestrian)

O Other:
Notes:

Depth:

Required

None

None

Action

Monitor

Monitor

Maintenance
Engineer

|
|

O
O

Maintenance
Engineer

Required
Action

{Upstream SlopeCrest, Downstream Slope, Seepage, Principal Spillway, Emergency Spillway, Lake Drain}



DOWNSTREAM SLOPE Gradient: Horizontal: Vertical:

O VEGETATION [no problem]
O Trees:  Quantity: ( <5, sparse, dense)
Diameter: (<6", 6-12", >12")
Location: (adj. to structure, entire slope, It end, rt end, middle, see dwg)
Notes:

O Brush: Quantity: (sparse, dense)
Location:(adj. to structure, entire slope, It end, rt end, middle, see dwg)
Notes:

O Ground Cover: Type: (grass, crown vetch) Other:
Quantity: (bare, sparse, adequate, dense)
Appearance: (too tall, too short, good)

Notes:

O EROSION [no problem, could not inspect thoroughly]

O Runoff Erosion (Gullies): Quantity: Depth: Width:
Location: (adj. to structure, entire slope, It end, rt end, middle, see dwg)
Notes/Causes:

O INSTABILITIES [no problem, could not inspect thoroughly]

O Slides: Transverse Length: Longitudinal Length:
Scarp: Width: Length:
Location: (adj. to structure, entire slope, It end, rt end, middle, see dwg)
Crack: Width: Depth:
Notes/Causes

O Cracks: O Transverse O Longitudinal O Other
Quantity: Length: Width: Depth:
Location: (adj. to structure, entire slope, It end, rt end, middle, see dwg)
Notes/Causes:

O Cracks: O Transverse O Longitudinal O Other

Quantity: Length: Width:
Location: (adj. to structure, entire slope, It end, rt end, middle, see dwg)
Notes/Causes:

O Bulges [ Depressions O Hummocky

Size: Height: Depth:
Location: (adj. to structure, entire slope, It end, rt end, middle, see dwg)
Notes/Causes:

O Bulges 0O Depressions O Hummocky

Size: Height: Depth:
Location: (adj. to structure, entire slope, It end, rt end, middle, see dwg)
Notes/Causes:

(est, meas.)

Length:

Depth:

{Upstream Slope, CresDownstream Slope Seepage, Principal Spillway, Emergency Spillway, Lake Drain}

Required
Action

O None

O Monitor

0 Malhtenance
Engineer

|

|
|
|
|

None
Monitor
Maintenance
Engineer

Required
Action



Action
G(_.))
558
o = g £
§533°2
O OTHER [no problem, could not inspect thoroughly] z==zuW
O Rodent Burrows: (few, numerous) Oo0Oood
Location: (adj. to structure, entire slope, It end, rt end, middle, see dwg)
Notes:
O Ruts: ooon
Location: (adj. to structure, entire slope, It end, rt end, middle, see dwg)
Depth: Width Length:
Notes/Causes: (truck/auto, motorcycle, ATV, animals, pedestrian)
O Other: oooo
Notes:
O SEEPAGE [no problem, could not inspect thoroughly]
OWetArea OFlow O Boil O Sinkhole _ OoooOo
Flow Rate Size:
Location:
O Aguatic Vegetation O None
O Rust Colored Deposits O None
O Sediment in Flow O None
O Other:
Notes/Causes:
O Wet Area O Flow O Boil O Sinkhole oonoad
Flow Rate Size:
Location:
O Aquatic Vegetation O None
O Rust Colored Deposits O None
O Sediment in Flow O None
O Other:
Notes/Causes:
O EMBANKMENT DRAINS  [none, none found, no problem, could not inspect thoroughly]
Type: O Toe Drain O Relief Wells O Other: oooan
Flow Rate: Size: Number:
Location:
Notes:
O MONITORING INSTRUMENTATION [none, none found, no problem, could not inspect thoroughly]
O None Found O Piezometers O Weirs/Flumes O Other oooao
O Periodic Inspections by: ©
Notes: £
[ )
02 g2
5§53 °2
Z=>>u
Required
Action

{Upstream Slope, Crest, Downstream SlopeepagePrincipal Spillway, Emergency Spillway, Lake Drain}



PRINCIPAL SPILLWAY

O GENERAL INLET [no problem, could not inspect thoroughly]
O Anti-Vortex Plate [None] Dimensions: (adequate, too small,)
Type: (steel, concrete, aluminum, stainless steel, corrugated metal wood, other):
Deterioration: (missing sections, rusted, collapsed)
Notes:

O Flash Boards [None]
Type: (metal, wood):
Deterioration:
Notes:

O Trashrack [None] Opening Size: (adequate, too small, too large)
Type: (metal bars, fence, screen, concrete, baffle, other):
Deterioration: (broken bars, missing sections, rusted, collapsed)
Notes:

O INLET OBSTRUCTION [no problem, could not inspect thoroughly]
O Debris: (leaves, trash, logs, branches, ice)
O Trees: Quantity: (<5, sparse, dense)
Diameter: (<6", 6-12", >12")
Location: (entire inlet, It side, rt side, middle, see dwg)
Notes:

O Brush: Quantity: (sparse, dense)
Location: (entire inlet, It side, rt side, middle, see dwg)
Notes:

O Other:(beaver activity, trashrack opening too small, partially/completely blocked, i.e.)

Notes:

O INLET MATERIALS [no problem, could not inspect thoroughly]
O Metal
(|oss of coating/paint, surface rust, corrosion (pitting, scaling), rusted out, pipe deformation )

Dimensions:
Location:
Notes/Causes:

O Concrete
(bug holes, hairline crack, efflorescence)
(spalling, popouts, honeycombing, scaling, craze/map cracks)
(isolated crack, exposed rebar, disintegration, other)
Dimensions/Location:
Notes/Causes:

(bug holes, hairline crack, efflorescence)
(spalling, popouts, honeycombing, scaling, craze/map cracks)
(isolated crack, exposed rebar, disintegration, other)
Dimensions/Location:
Notes/Causes:

O Plastic
(deterioration, cracking, deformation )
Dimensions:
Location:
Notes/Causes:

{Upstream Slope, Crest, Downstream Slope, Seepaigacipal Spillway-Inlet, Emergency Spillway, Lake Drain}

Required

Action
[}

(8]
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Maintenance O
O

Monitor
Engineer

None

Required
Action



O Earthen
O Ground Cover: Type: (grass, crown vetch) Other:
Quantity: (bare, sparse, adequate, dense)
Appearance: (too tall, too short, good)
Notes:

O Erosion: (wave, surface runoff)
Description (height/depth/length/etc):

Notes:

O Ruts:
Location: (entire inlet, It side, rt side, middle, see dwg)
Depth: Width Length:

Notes/Causes: (truck/auto, motorcycle, ATV, animals, pedestrian)

O Riprap: Average Diameter:
(adequate, sparse, displaced, weathered, vegetation) (bedding/fabric noted - yes, no)
Notes:

O Rock-Cut (weathered, erosion)
Description:
Notes:

O Other:

O OTHER INLET PROBLEMS [no problem, could not inspect thoroughly]
O Mis-Alignment:(pipe, chute, sidewall, headwall) O Pipe Deformation
Location/Description:
Notes/Causes:

O Separated Joint O Loss of Joint Material
Location/Description:
Notes/Causes:

O Undermining:
Location/Description:
Notes/Causes:

O Other:

O OPEN CHANNEL CONTROL SECTION [no problem, could not inspect] Width (est., ms.) Brdth

Notes:

O OUTLET OBSTRUCTION [no problem, could not inspect thoroughly]
O Debris: (leaves, trash, logs, branches, ice)
O Trees: Quantity: ( <5, sparse, dense)
Diameter: (<6", 6-12", >12")
Location: (entire outlet, It side, rt side, middle, see dwg)
Notes:

O Brush: Quantity: (sparse, dense)
Location:(entire outlet, It side, rt side, middle, see dwg)
Notes:

O Other:(beaver activity, partially/completely blocked, i.e.)

Notes:

(est., ms.)

{Upstream Slope, Crest, Downstream Slope, Seepigacipal Spillway-Inlet/Outlet , Emergency Spillway, Lake Drain}

Required
Actign
(8]

[ None

] Monitor
Maintenan

O :
Engineer

O

Oooono

Required
Action

Ooad

|

O

None
Monitor
Maintenance
Engineer



O OUTLET MATERIALS [no problem, could not inspect thoroughly]
O Metal (|oss of coating/paint, surface rust, corrosion (pitting, scaling), rusted out, pipe deformation )
Dimensions:
Location:
Notes/Causes:

O Concrete
(bug holes, hairline crack, efflorescence)

(spalling, popouts, honeycombing, scaling, craze/map cracks)
(isolated crack, exposed rebar, disintegration, other)

Dimensions/Location:
Notes/Causes:

(bug holes, hairline crack, efflorescence)

(spalling, popouts, honeycombing, scaling, craze/map cracks)
(isolated crack, exposed rebar, disintegration, other)

Dimensions/Location:
Notes/Causes:

O Plastic  (deterioration, cracking, deformation )
Dimensions:
Location:
Notes/Causes:

O Earthen
O Ground Cover: Type: (grass, crown vetch) Other:
Quantity: (bare, sparse, adequate, dense)
Appearance: (too tall, too short, good)
Notes:

O Erosion: (other, surface runoff)
Description (width/depth/length/etc):

Notes:

O Ruts:
Location: (entire inlet, It side, rt side, middle, see dwg)
Depth: Width Length:

Notes/Causes: (truck/auto, motorcycle, ATV, animals, pedestrian)

O Riprap: Average Diameter:
(adequate, sparse, displaced, weathered, vegetation) (bedding/fabric noted - yes, no)
Notes:

O Rock-Cut (weathered, erosion)
Description/Notes:

O Other:

O OTHER OUTLET PROBLEMS [no problem, could not inspect thoroughly]
O Mis-Alignment:(pipe, chute, sidewall, headwall) O Pipe Deformation
Location/Description:
Notes/Causes:

O Separated Joint O Loss of Joint Material
Location/Description:
Notes/Causes:

O Undermining:
Location/Description:
Notes/Causes:

O Other:
{Upstream Slope, Crest, Downstream Slope, Seepgacipal Spillway-Outlet, Emergency Spillway, Lake Drain}

Required

1
e
ces
=

O None

[OJ Monitor

0O Maihtenan e
Engineer

d

Oooo
Oooo
Oooo
Oooo

OoOono
OoOoo
OoOono
OoOono

d
d
O

Maintenance
o’ O
Engineer

[CNone
JMonitor

O

oonoaod

ooaoaad
Required
Action



OUTLET EROSION CONTROL STRUCTURE (stilling Basins)
O None
O (endwall/headwall, plunge pool, impact basin, flip bucket, USBR, baffled chute, rock lined channel)
Notes:

Components (baffle blocks, chute blocks, endsill)

O MATERIAL [no problem, could not inspect thoroughly]

O Riprap: Average Diameter:
(adequate,
sparse, displaced, weathered, vegetation) (bedding/fabric noted - yes, no)

Notes:

O Concrete
(bug holes, hairline crack, efflorescence)

(spalling, popouts, honeycombing, scaling, craze/map cracks)
(isolated crack, exposed rebar, disintegration, other)

Dimensions/Location:
Notes/Causes:

(bug holes, hairline crack, efflorescence)
(spalling, popouts, honeycombing, scaling, craze/map cracks)
(isolated crack, exposed rebar, disintegration, other)
Dimensions/Location:
Notes/Causes:

O OTHER [no problem, could not inspect thoroughly]
O Mis-Alignment:( sidewall, headwall, entire struct.)
Location:
Description:
Notes/Causes:

O Separated Joint O Loss of Joint Material
Location:
Description:
Notes/Causes:

O Undermining:
Location:
Description:
Notes/Causes:

O Other:

O DRAINS [none, none found, no problem, could not inspect thoroughly] (See SEEPAGE Section for Toe Drains & Relief Wells)

Type: O Weep Holes O Relief Drains O Other:
Flow Rate: Size: Number:
Location:

Notes:

Type: O Weep Holes O Relief Drains O Other:
Flow Rate: Size: Number:
Location:

Notes:

{Upstream Slope, Crest, Downstream Slope, Seepiacipal Spillway-Outlet Erosion Control Structure , Emergency Spillway, Lake Drain}

Required
Action

None

O
O O wonitor

O @O Maintenance
OO Engineer

oo
oo
oo
oo

oo ad
oo ad
oo ad
oo a

Ooooano

Maintenance 0
O

Monitor
Engineer
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Action




EMERGENCY SPILLWAY

0 None Found

O GENERAL INLET [no problem, could not inspect thoroughly]

O Anti-Vortex Plate [None] Dimensions: (adequate, too small,)

Type: (steel, concrete, aluminum, stainless steel, corrugated metal wood, other):
Deterioration: (missing sections, rusted, collapsed)
Notes:

O Flash Boards [None]
Type: (metal, wood):
Deterioration:
Notes:

O Trashrack [None] Opening Size: (adequate, too small, too large)
Type: (metal bars, fence, screen, concrete, baffle, other):
Deterioration: (broken bars, missing sections, rusted, collapsed)
Notes:

O INLET OBSTRUCTION [no problem, could not inspect thoroughly]
O Debris: (leaves, trash, logs, branches, ice)
O Trees: Quantity: (<5, sparse, dense)
Diameter: (<6", 6-12", >12")
Location: (entire inlet, It side, rt side, middle, see dwg)
Notes:

O Brush: Quantity: (sparse, dense)
Location: (entire inlet, It side, rt side, middle, see dwg)
Notes:

O Other:(beaver activity, trashrack opening too small, partially/completely blocked, i.e.)

Notes:

O INLET MATERIALS [no problem, could not inspect thoroughly]
O Metal
(|oss of coating/paint, surface rust, corrosion (pitting, scaling), rusted out, pipe deformation )

Dimensions/Location:
Notes/Causes:

O Concrete
(bug holes, hairline crack, efflorescence)
(spalling, popouts, honeycombing, scaling, craze/map cracks)
(isolated crack, exposed rebar, disintegration, other)
Dimensions/Location:
Notes/Causes:

(bug holes, hairline crack, efflorescence)

(spalling, popouts, honeycombing, scaling, craze/map cracks)
(isolated crack, exposed rebar, disintegration, other)

Dimensions/Location:
Notes/Causes:

O Plastic
(deterioration, cracking, deformation )
Dimensions/Location:
Notes/Causes:

{Upstream Slope, Crest, Downstream Slope, Seepage, Principal SplwmstgencySpillway-Inlet, Lake Drain}

Required

>
a
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=

O None

O Monitor

O Maint.
Engineer

|

ogood
ogood
ogood
ogood

oo od
oo od
oo d
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O Earthen
O Ground Cover: Type: (grass, crown vetch) Other:
Quantity: (bare, sparse, adequate, dense)
Appearance: (too tall, too short, good)
Notes:

O Erosion: (wave, surface runoff)
Description (height/depth/length/etc):

Notes:

O Ruts:
Location: (entire inlet, It side, rt side, middle, see dwg)
Depth: Width Length:

Notes/Causes: (truck/auto, motorcycle, ATV, animals, pedestrian)

O Riprap: Average Diameter:
(adequate, sparse, displaced, weathered, vegetation) (bedding/fabric noted - yes, no)
Notes:

O Rock-Cut (weathered, erosion)
Description:
Notes:

O Other:

O OTHER INLET PROBLEMS [no problem, could not inspect thoroughly]
O Mis-Alignment:(channel, chute, sidewall, headwall) [0 Pipe Deformation
Location/Description:
Notes/Causes:

O Separated Joint O Loss of Joint Material
Location/Description:
Notes/Causes:

O Undermining:
Location/Description:
Notes/Causes:

O Other:

O OPEN CHANNEL CONTROL SECTION [no problem, could not inspect] Width (est., ms.) Brdth

Notes:

O OUTLET OBSTRUCTION [no problem, could not inspect thoroughly]
O Debris: (leaves, trash, logs, branches, ice)
O Trees: Quantity: ( <5, sparse, dense)
Diameter: (<6", 6-12", >12")
Location: (entire outlet, It side, rt side, middle, see dwg)
Notes:

O Brush: Quantity: (sparse, dense)
Location:(entire outlet, It side, rt side, middle, see dwg)
Notes:

O Other:(beaver activity, partially/completely blocked, i.e.)

Notes:

{Upstream Slope, Crest, Downstream Slope, Seepage, Principal SplwmsrgencySpillway-Inlet/Outlet, Lake Drain}

(est., ms.)

Required
Actign
(8]

[ None

] Monitor
Maintenan

O :
Engineer

O

Oooono

Required
Action

|
|
|
|

None
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Maintenance
Engineer



O OUTLET MATERIALS [no problem, could not inspect thoroughly]
O Metal (Ioss of coating/paint, surface rust, corrosion (pitting, scaling), rusted out, pipe deformation )
Dimensions:
Location:
Notes/Causes:

O Concrete (bug holes, hairline crack, efflorescence)

(spalling, popouts, honeycombing, scaling, craze/map cracks)
(isolated crack, exposed rebar, disintegration, other)

Dimensions/Location:
Notes/Causes:

(bug holes, hairline crack, efflorescence)

(spalling, popouts, honeycombing, scaling, craze/map cracks)
(isolated crack, exposed rebar, disintegration, other)

Dimensions/Location:
Notes/Causes:

O Plastic  (deterioration, cracking, deformation )
Dimensions:
Location:
Notes/Causes:

O Earthen
O Ground Cover: Type: (grass, crown vetch) Other:
Quantity: (bare, sparse, adequate, dense)
Appearance: (too tall, too short, good)
Notes:

O Erosion: (other, surface runoff)
Description (width/depth/length/etc):

Notes:

O Ruts:
Location: (entire inlet, It side, rt side, middle, see dwg)
Depth: Width Length:

Notes/Causes: (truck/auto, motorcycle, ATV, animals, pedestrian)

O Riprap: Average Diameter:
(adequate, sparse, displaced, weathered, vegetation) (bedding/fabric noted - yes, no)
Notes:

O Rock-Cut (weathered, erosion)
Description:
Notes:

O Other:

O OTHER OUTLET PROBLEMS [no problem, could not inspect thoroughly]
O Mis-Alignment:(channel, chute, sidewall, headwall) O Pipe Deformation
Location/Description:
Notes/Causes:

O Separated Joint O Loss of Joint Material
Location/Description:
Notes/Causes:

O Undermining:
Location/Description:
Notes/Causes:
O Other:
{Upstream Slope, Crest, Downstream Slope, Seepage, Prisgitiatay, EmergencySpillway-Outlet, Lake Drain}

Required
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O None

O Monitor

O I\/Ialrjt.
Engineer

O
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Action



OUTLET EROSION CONTROL STRUCTURE (Stilling Basins)
O None
O (endwall/headwall, plunge pool, impact basin, flip bucket, USBR, baffled chute, rock lined channel)
Notes:

Components (baffle blocks, chute blocks, endsill)

OO0 MATERIAL [no problem, could not inspect thoroughly]

O Riprap: Average Diameter:
(adequate, sparse, displaced, weathered, vegetation) (bedding/fabric noted - yes, no)

Notes:

O Concrete
(bug holes, hairline crack, efflorescence)
(spalling, popouts, honeycombing, scaling, craze/map cracks)
(isolated crack, exposed rebar, disintegration, other)
Dimensions/Location:
Notes/Causes:

(bug holes, hairline crack, efflorescence)
(spalling, popouts, honeycombing, scaling, craze/map cracks)
(isolated crack, exposed rebar, disintegration, other)
Dimensions/Location:
Notes/Causes:

O OTHER [no problem, could not inspect thoroughly]
O Mis-Alignment:( sidewall, headwall)
Location:
Description:
Notes/Causes:

O Separated Joint O Loss of Joint Material
Location:
Description:
Notes/Causes:

O Undermining:
Location:
Description:
Notes/Causes:

O Other:

O DRAINS [none, none found, no problem, could not inspect thoroughly] (See SEEPAGE Section for Toe Drains & Relief Wells)

Type: O Weep Holes O Relief Drains O Other:
Flow Rate: Size: Number:
Location:

Notes:

Type: O Weep Holes O Relief Drains O Other:
Flow Rate: Size: Number:
Location:

Notes:

{Upstream Slope, Crest, Downstream Slope, Seepage, Priggitiatay, EmergencySpillway-Outlet Erosion Control Structure, Lake Drain}

Required
Action

None

O
O O wmonitor

O O Maint.
OO Engineer

oo
oo
oo
oo

oo o
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oo od
oo od

O

" Maintenance 0O
Engineer




LAKE DRAIN

O GENERAL
O None Found O Does not have one

O Type of Lake Drain (isolated control/intake tower, valve vault w/ outlet conduit, valve in riser/drop inlet, siphon)

Notes:

O Operated During Inspection (yes, no)
Notes:

O ACCESS TO VALVE/SLUICE GATE [no problem, could not inspect thoroughly]
O Type (not accessible, from shore, boat, walkway, other)
Notes:

O Walkway/Platform:
O Concrete Deterioration O Cracks  (platform, piers, end supports, railing)
Location:
Notes:

0 Wood Deterioration
Notes:

O Metal Deterioration
(minor, moderate, extensive, other)
Notes:

O LAKE DRAIN COMPONENTS [no problem, could not inspect thoroughly]
O Concrete Structure
Location:
Description: (deterioration, misalignment, cracks):
Notes/Causes:

O Valve Control (Operating Device)
O No Operating Device O No Stem O Bent/Broken Stem O Other
Notes/Operability:

O Valve / Sluice Gate
O Metal Deterioration: (surface rust, minor, moderate, extensive, other)
Location:
Flow Rate:
Notes/Causes:

O Misalignment
Notes/Causes:

O Leakage - Flow Rate:
Notes/Causes:

O Valve / Sluice Gate
O Metal Deterioration: (surface rust, minor, moderate, extensive, other)
Location:
Flow Rate:
Notes/Causes:

O Misalignment - Notes/Causes:
O Leakage - Flow Rate:

Notes/Causes:

{Upstream Slope, Crest, Downstream Slope, Seepage, Principal Spillway, Emergency sbjmm,Drain}

None

o O
o O

oooano
Required
Action

O ad O

Maintenance ]

Monitor
Engineer

None



O Outlet Conduit

O Metal:(loss of coating/paint, surface rust, corrosion (pitting, scaling), rusted out)
Location:
Notes/Causes:

O Concrete (bug holes, hairline crack, efflorescence)
(spalling, popouts, honeycombing, scaling, craze/map cracks)
(isolated crack, exposed rebar, disintegration, other)
Dimensions/Location:
Notes/Causes:

O Plastic:(deterioration, cracking)
Location:
Notes/Causes:

O Conduit Deformation O Mis-Alignment:
Location:
Notes/Causes:

O Separated Joint O Loss of Joint Material
Location/Description:
Notes/Causes:

O Undermining:
Location/Description:
Notes/Causes:

O Vegetation (trees, brush)
Notes:

O Other:
Notes:

O Energy Dissipator
O Type (endwall, plunge pool, impact basin, stilling basin, rock-lined channel, none)

Notes:

O Riprap: Average Diameter:

(adequate, sparse, displaced, weathered, vegetation) (bedding/fabric noted - yes, no))

Notes:

O Concrete  (bug holes, hairline crack, efflorescence)
(spalling, popouts, honeycombing, scaling, craze/map cracks)
(isolated crack, exposed rebar, disintegration, other)
Dimensions/Location:
Notes/Causes:

O Mis-Alignment:
Location/Description:
Notes/Causes:

O Separated Joint O Loss of Joint Material
Location/Description:
Notes/Causes:

O Undermining:
Location/Description:
Notes/Causes:

O Other:
Notes:

{Upstream Slope, Crest, Downstream Slope, Seepage, Principal Spillway, Emergency Shitway,Drain}

Required
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Dam Safety Inspection Checklist

Complete All Portions of This Section (Pre-inspection)

Date of Inspection:

Name of Dam: File Number:
EAP: (yes,no) OM&Il: (yes, no)

Review Inventory - Highlight missing information (Pre -inspection)
Owners Name(s):

Address:

City: State: Zip (+4):
Telephone (Home): Telephone (Work):
Contact Person: Telephone:
Designed By:

Constructed By:

Year Completed: Plans Available (Yes, No) (location):

Purpose of dam:

Interview with Ownel(at the site):
Owner/Representative present: (Yes, No) Name(s):

Double check address, telephone #, purpose (ched& ->)
How long have you owned dam - previous name/owner?

EAP/OM&I: up-dated-(yes, no) & location:
Operate lake drain (times per year, accessibility):

Mowing (times per year):
Prior problems (wet areas, erosion, slides):

Repair or modification (what & when):

Failure/Incident/Breach (max. pool):

Downstream hazard status (recent changes):

Do you know the in-depth details of the construction of your dam? (If yes - ask next three questions, if no - go to
Field Information Section)

Core trench material and location:

Volume of fill (earth or rock) in dam:

Foundation (earth or rock) of dam:

Field Information(while at site)
Pool Elevation (during inspection): Time: (a.m. p.m.)
Site Conditions(temp., weather, ground moisture):

Inspection Party:
Maximum Height: (measured or inventory appears correct)
Normal Pool Surface Area: (measured or inventory appears correct)
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APPENDIX C

SUGGESTED DAM INSPECTION REPORT

TO OPEN A COPY OF THE SUGGESTED
DAM INSPECTION REPORT,
PLEASE CLICK HERE.
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Note: Inspector should indicate location and configuration of spillways on the plan.
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SUGGESTED OUTLINE OF INSPECTION REPORT

Title Sheet
° Name of dam
° State Inventory Identification Number
° County where dam is located
° River or stream where dam is located
° Owner and operator name, address, and telephone number
° Date of inspection
° Name, address, registration No., and signature of licensed professional

engineer in charge of inspection report
Table of Contents
1.0 Executive Summary

Name of dam

Owner of dam

Location of dam

Size of dam (embankment, spillway, etc)
Hazard classification

Date of inspection

Inspection team

Conclusions

Recommendations

2.0 Background Information

Ownership and ownership changes
Availability of design and/or construction plans
Construction completion date

Name of construction firm

Past modifications

Operational records and/or problems
Incidents and/or failures

Historic flood events

3.0 Project Information

Location of dam with map
Purpose of dam
General site conditions
Geologic conditions/setting
o Regional geology
o Site geology

- general
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- dam
- foundation and abutments (i.e., geologic description)
- treatment (e.g., excavation, grouting, etc.)
- evaluation
o Landslide potential
- abutments
- reservoir rim
o Seismicity
- general
- seismic zone and potential
- liquefaction potential
Description of dam with pertinent data
Description of spillway system with pertinent data
Description of outlet works with pertinent data
Description of other principal features with pertinent data
Availability of design, geotechnical, maintenance, and construction plans
Availability of repair and alteration plans
Reference to past inspection reports and pertinent results

4.0 File Review (list all data reviewed from files and other sources)

5.0 Dam Safety Inspection (describe the results of the visual field inspection for
each of the dam and spillway features)

5.1

5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
5.10
5.11
5.12

Note:

Operational Status during Field Inspection

e weather conditions immediately preceding and during the inspection

e reservoir water surface elevation (relative to spillway)

e release rate from spillway (approximate depth of flow or rate)

e operational status of drawdown works

Upstream Slope and Shoreline

Crest

Downstream Slope

Spillway System

Outlet Works

Toe Drain (or other seepage control facilities)

Seepage

Watershed Features (note significant changes)

Downstream Area (note changes in hazards from previous inspection)
Suggested Dam Inspection Report

Photographs (inspection features and deficiencies, including downstream
channel and areas)

Consider static and dynamic stability, freeboard, drainage control, riprap,

settlement, slumps, cracks, structural performance, major vegetation, erosion,
etc. Discuss what data were (or were not) available for review and any design or
construction methods used which differ from current techniques. State any
design or construction deficiencies (e.g., no stability analysis performed, lack of
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6.0

7.0

8.0

known material properties, no compaction of embankment materials, etc.). Also,
state the existing conditions.

Structural Stability

° Summary of previous available information

- geotechnical design data

- seismic data/considerations

- seepage analysis

- slope stability analysis

- previous evaluations

Visual assessment of dam stability (based on available data)

Results of evaluations performed as part of the inspection process
ote: Consider static and dynamic stability, freeboard, drainage control, riprap,
settlement, slumps, cracks, structural performance, major vegetation, erosion,
etc. Discuss what data were (or were not) available for review and any design or
construction methods used which differ from current techniques. State any
design or construction deficiencies (e.g., no stability analysis performed, lack of
known material properties, no compaction of embankment materials, etc.). Also,
state the existing conditions.

~ e @

Hydrology/Hydraulics

° Summary of previous available information
- hydrologic/hydraulic design data
- drainage area
- changes in watershed
- floods of record
- previous evaluations

° Visual assessment of adequacy of spillway system (based on available
data)
° Results of evaluations performed as part of the inspection process

Note: Discuss the adequacy of the spillway for the current IDF (inflow design
flood) or PMF (probable maximum flood). Consider capacity relative to floods,
structural adequacy, hydraulic adequacy, operation, inlet conditions, channel or
conduit conditions, stilling basin and/or outlet channel adequacy, etc.

Operation and Maintenance (O&M)

Assessment of operating equipment and procedures
Evaluation of current maintenance plan
Recommended changes to O&M Plan

Location of dam with map
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9.0 Emergency Preparedness and Security

10.0 Conclusions

hazard classification

access to site
communications

warning system

auxiliary power

remote operation

security of site

reservoir evacuation potential
operating instructions

10.1 Overall Evaluation (of structures condition, spillway capacity, operational
adequacy, and structural integrity based on current inspection, past
performance, documentation, and recent analyses; include an assessment
of the adequacy of current hazard classification)

10.2 Risk of Failure (determination of potential for failure considering existing
conditions and deficiencies)

Objective evaluation of the risk of dam failure based on the
inspection results, considering each dam component and the
potential causes of failure (as described below)

Risk of dam component failure (embankment upstream slope,
crest, and downstream slope; spillway system; outlet works; outlet
channel; dam abutments; dam foundation)

Risk of uncontrolled breach failure (consider: structural factors,
including deficiencies observed such as vegetation, seepage,
sloughing, cracking, erosion, etc; Natural factors, including storms,
earthquakes, tornados, etc; human factors, including vandalism and
terrorism); operating factors, including water level management,
maintenance procedures, flood control measures, water level
controls, etc)

11.0 Recommendations

List of all recommendations. Recommendations should be written concisely, and
they should focus on action to be taken. For convenience of reporting and
tabulation, each recommendation should be numbered.

Part 3 Appendix E

Recommended maintenance, repairs, and alterations to the
structure to eliminate deficiencies

Recommended schedule for repairs and upgrades
Recommendations fro additional studies and investigations,
including schedule
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12.0 Appendices (include as applicable)

° Engineering plans of the dam (if available)

° Dam sketch(es), including plan view and sections of pertinent features
(submit once at first inspection; submit supplemental sketches to depict
changes for subsequent inspections)

Geotechnical Report

Hydrologic and Hydraulic Calculations

Stability Calculations

Other Supporting Documentation

Note: If engineering plans, reports, analyses, or sketches have been submitted in
a previous inspection report and if there have been no changes to the dam, it is
not necessary to submit duplicate information in subsequent reports.
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(Used throughout the manual)
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Dam Safety Manual, 2002
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